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            Every effort has been made to ensure that all
               information is current and correct. However, laws and regulations are constantly
               changing. Therefore, this product is distributed with the understanding that the
               publisher and authors are not offering legal or professional services.

            
            
            
            
               
               Acknowledgments

               
               
               
               We would like to thank the
                  following dedicated subject matter experts who shared their time, experience,
                  and insights during the initial development and subsequent updates of the CLTD
                  Learning System:

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Patricia Allred

                                 
                                 
                                 
                                 Dr. Yemisi
                                    Bolumole, PhD, CTL

                                 
                                 
                                 
                                 Blake Bowlin

                                 
                                 
                                 
                                 Freek Brilleman, CLTD, MSc in
                                    International Logistics

                                 
                                 
                                 
                                 Jim Caruso, CPIM, CSCP

                                 
                                 
                                 
                                 Sherman
                                    S.W. Cheung, CPIM, CLTD, cIPS, CITT, BBA, BEng,
                                    MBA

                                 
                                 
                                 
                                 Eric
                                    Copeland

                                 
                                 
                                 
                                 Jerry Critchfield, CSCP

                                 
                                 
                                 
                                 Paul Denneman, CPIM CSCP
                                    CLTD CTSC

                                 
                                 
                                 
                                 Mohannad Diab, CSCP, CLTD

                                 
                                 
                                 
                                 Peter Dill

                                 
                                 
                                 
                                 Brent
                                    Goddard

                                 
                                 
                                 
                                 Tim
                                    Griesgraber, CSCP

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Mark C. Hardison,
                                    CPIM-F, CSCP

                                 
                                 
                                 Kathy Himes,
                                    CSCP

                                 
                                 
                                 Dr.
                                    Mary Holcomb, PhD

                                 
                                 
                                 Clifford Lee, CPIM

                                 
                                 
                                 Giuseppe
                                    Lovecchio, CPIM‑F, CSCP‑F, CLTD‑F, CTSC, SCOR‑P, PMP,
                                    CMC

                                 
                                 
                                 Bruce
                                    McMahon, CPIM

                                 
                                 
                                 Kevin J. Meyers, CSCP, CPIM,
                                    CIRM

                                 
                                 
                                 Tricia Mims

                                 
                                 
                                 Gerard O’Brien

                                 
                                 
                                 
                                 Francesco
                                    Parrella

                                 
                                 
                                 
                                 Melinda
                                    Patterson

                                 
                                 
                                 
                                 Pierantonio Pierobon, EMBA, CPIM, CSCP, CLTD, SCOR-P,
                                    CTSC

                                 
                              
                              
                              
                              	
                                 
                                 
                                 Curt Reynolds

                                 
                                 
                                 
                                 Cobus
                                    Rossouw

                                 
                                 
                                 
                                 Zulkhairi Saharuddin, CSCP

                                 
                                 
                                 
                                 Colin Seftel, BSc(Eng)
                                    CPIM-F CSCP CLTD DDPP

                                 
                                 
                                 
                                 Joseph F. Shedlawski, CPIM,
                                    CLTD

                                 
                                 
                                 
                                 Darren
                                    Smith

                                 
                                 
                                 
                                 Gary
                                    Smith, CPIM-F, CSCP

                                 
                                 
                                 
                                 Janet Steiner, CPIM, CSCP,
                                    CLTD

                                 
                                 
                                 
                                 David (Te-Mao) Tsai, CSCP‑F, CPIM‑F, CLTD‑F,
                                    CTSC, lifetime CPM

                                 
                                 
                                 
                                 Rene van
                                    Luxemburg

                                 
                                 
                                 
                                 William T. Walker,
                                    CPIM-F, CSCP-F, CLTD-F, CIRM

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
            
            
            
            
               
               Intellectual Property and Copyright Notice

               
               
               
               All
                  printed materials in the APICS CLTD Learning System and all material and
                  information in the companion online component are owned by APICS and protected
                  by United States copyright law as well as international treaties and protocols,
                  including the Berne Convention. The APICS CLTD Learning System and access to the
                  CLTD interactive web-based components are for your personal educational use only
                  and may not be copied, reproduced, reprinted, modified, displayed, published,
                  transmitted (electronically or otherwise), transferred, sold, distributed,
                  leased, licensed, adapted, uploaded, downloaded, or reformatted.

               
               
               
               In addition to being illegal, distributing
                  CLTD materials in violation of copyright laws will limit the program’s
                  usefulness. APICS invests significant resources to create quality professional
                  development opportunities for its membership. Please do not violate APICS’
                  intellectual property rights or copyright laws.

               
               
               
               No
                  portion of this publication may be reproduced in whole or in part.

               
               
               
               APICS will not be responsible for any statements, beliefs, or
                  opinions expressed by the authors of this publication. The views expressed are
                  solely those of the authors and do not necessarily reflect endorsement by
                  APICS.

               
               
               
               Version 3.0 © 2025
                  APICS

               
               
               
               APICS

               
               
               
               8430 W. Bryn Mawr Ave., Suite 1000

               
               
               
               Chicago, IL 60631

               
               
            
            

         
         
   
      
         
         
         
         Module 9: Logistics Framework, Metrics,
            Network Design, Transformation, and Improvement

         
         
         
         
            
            
            This module, Logistics
                  Framework, Metrics, Network Design, Transformation, and Improvement, discusses
               the decision-making processes and tools needed to align all of the subsystems of
               logistics toward organizational strategy and goals, including the vital goal of
               developing a logistics framework (e.g., organizational structure, metrics) and a supply
               chain network that is capable of providing goods and services to the intended customer
               segments at a price they are willing to pay and within a competitive delivery lead
               time.
               This capability needs to be provided while working toward the closely related goal
               of
               total network cost minimization. The model below highlights the areas of discussion
               of
               this module, which also include digital transformation and continuous improvement.

            
            
            
            
               
               [image: A diagram illustrating the logistics planning and control model. Go to long description for more details.]
               
               
               
                  Go to long description.
                  

               
               
            
            
            
            Section A addresses how logistics professionals
               develop a flexible logistics framework that can be adapted to ongoing changes in the
               environment and organizational strategy. Modern logistics must integrate both with
               other
               internal functions and with supply chain partners to ensure that it is lean and
               resilient, so the section also addresses developing collaborative relationships at
               various levels. 

            
            
            
            Section B introduces performance measurement and
               addresses strategic-level measurements and other concepts, such as benchmarking, in
               some
               detail. 

            
            
            
            Section C of this module starts with the overall
               design process and then addresses transportation requirements, which drive planning
               for
               the number, locations, and types of facilities. The goal is to find the optimum mix
               of
               inventory, warehouse, and transportation costs that will deliver the necessary services
               at the required levels and at a cost that will create opportunity for profit. Once
               the
               network parameters are determined, the next step is to examine the factors that drive
               location selection. The section includes some tools and analyses to help in selecting
               the right pattern of nodes and links in a logistics network, including how to use
               computer modeling to optimize multiple conflicting parameters. Validating whether
               the
               network is operating as intended is also addressed.

            
            
            
            Section D addresses digital transformation and
               continuous improvement philosophies. Digital transformation is a type of reengineering
               that describes large project-driven changes such as building an agile framework that
               eliminates waste in all its forms by developing new processes and systems. Continuous
               improvement describes small, incremental changes to existing processes and systems.
               When
               ingrained in the organization’s culture as a philosophy, continuous improvement empowers
               logistics professionals to add value. Together, the large changes and incremental
               improvements work to create the ability for logistics to continually adapt to the
               drivers of change and to thrive in its environment.

            
            

         
         
         
         
   
      
         
         
         
         Section A: Design the Logistics Framework

         
         
         
         
            
            
            
               After completing this section, students will be able
                  to
               

            
            
            
            
               
               
               	
                  
                  
                  Relate how logistics organizational structure
                     impacts strategic capabilities and the ability to synchronize the supply chain

                  
                  

               
               
               
               	
                  
                  
                  Develop productive relationships with various
                     third-party logistics service providers

                  
                  

               
               
               
               	
                  
                  
                  Describe the types of qualities needed to
                     form deeper relationships with external partners, such as trust and information
                     sharing

                  
                  

               
               
               
               	
                  
                  
                  Describe how horizontal and vertical
                     collaborative methods can help coordinate shared processes and reduce costs.

                  
                  

               
               

            
            
            
            A framework is an underlying structure that
               supports what is built upon this foundation. In the context of an organization, a
               framework refers to the principles, organizational methods, methods of forming
               relationships, and other foundational concepts that determine what the organization
               can
               and cannot easily accomplish. A logistics framework in particular could refer to an
               existing logistics framework, a reverse logistics framework, or the effort to design
               a
               new framework at a new organization. The logistics framework should be distinguished
               from logistics network design, which involves selecting the nodes and links in a
               network, such as the number of distribution centers and so on. The organization’s
               strategy and its desired network design will be implemented more easily in some
               logistics frameworks than in others, which is why the framework needs to be discussed
               before determining the best logistics network for the organization.

            
            
            
            A logistics framework can be rigid or flexible.
               Increasing framework flexibility or agility is becoming more and more necessary as
               changes become more frequent and pronounced, from the regularity of severe natural
               disasters to the shakeup of long-standing trade deals. For this reason, organizations
               need to carefully consider whether their existing or proposed organizational structures,
               collaborative methods, and business relationships will enable them to change and adapt
               to new situations relatively easily or only with difficulty. When the answer is the
               latter, it may be time to transform the organization.

            
            

         
         
         
         
   
      
         
         
         
         Synchronize Supply Chain and
            Organizational Design

         
         
         
         
            
            
            Logistics professionals may not have any say in the matter
               of their firm’s organizational structure. In some cases, they might influence the
               structure
               if a decision to reorganize has been made as part of a business or supply chain
               transformation, but, in most cases, they should simply understand the existing structure
               so
               they can function well within it. It is much like fitting in with organizational
               culture.

            
            
            
            After describing organizational structure, we look at
               supply chain synchronization. While supply chain synchronization is the province of
               supply
               chain management, the logistics organization will need to be designed to collaborate
               effectively with outside partners. Logistics professionals may often handle day-to-day
               issues with persons in other organizations. Finally, we discuss some logistics operating
               arrangements, which are dictated primarily by the organization’s strategic choices
               regarding
               which marketing channels they will use. Again, this is something that needs to be
               understood
               when developing a complementary logistics strategy.

            
            

         
         
         
         
         
            
            
            Transformation of Structures and People

            
            
            
            
               
               
               Supply chain synchronization typically requires a digital transformation effort as
                  it is
                  complex and requires simultaneous changes to physical systems, processes, and people’s
                  roles
                  and relationships. While the digital transformation process is discussed in detail
                  elsewhere, here it is in brief.

               
               
               
               
                  
                  
                  	
                     
                     
                     Create the rationale and urgency for supply chain
                        transformation.

                     
                     
                     
                     
                        
                        	
                           
                           
                           This step includes getting executive support, forming planning teams, and defining
                              the problems to be solved.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Prepare for supply chain transformation.

                     
                     
                     
                     
                        
                        	
                           
                           
                           This planning step involves scanning the market, specifying the core business
                              drivers that the synchronization needs to address, and arriving at an optimal way
                              to
                              synchronize physical systems (key partnerships, insourced and outsourced network
                              nodes, transportation links, information systems, etc.), processes, and people.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Execute the supply chain transformation.

                     
                     
                     
                     
                        
                        	
                           
                           
                           This execution step involves synchronizing physical systems, processes, and people.
                              It includes collaborating with external partners, using project management, and
                              investing in significant change management.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Review the supply chain transformation.

                     
                     
                     
                     
                        
                        	
                           
                           
                           This follow-up step involves comparing results to the original goals, sustaining
                              changes, and planning for future changes.

                           
                           

                        

                     
                     

                  
                  

               
               
               
               Since this section is about the logistics framework and how various organizational
                  structures can create or hinder opportunities for collaborating and taking an end-to-end
                  process perspective, here we focus on the people synchronization portions of this
                  larger
                  process. Other aspects of a digital transformation to synchronize the supply chain
                  are
                  addressed elsewhere.

               
               

            
            

         
         
         
         
            
            
            Logistics Organizational Structure

            
            
            
            
               
               
               Most organizations now recognize the importance of logistics and
                  supply chain management to their organizations, but traditional organizational structures
                  that split logistics up among several departments might still exist simply due to
                  inertia or
                  because it is a deliberate choice. When logistics is separated like this, extra care
                  needs
                  to be taken to communicate and build internal relationships, which is a form of
                  cross-functional leadership. Cross-functional leadership also encompasses developing
                  relationships with non-logistics areas like finance or sales.

               
               
               
               Logistics managers and professionals need to know how to
                  work across many functional areas effectively to ensure that everyone is aligned on
                  the
                  strategy, tactical plans, and desired outcomes of the organization. When logistics
                  interfaces well with other parts of the organization, they can, in turn, achieve greater
                  results. Being able to orchestrate or lead cross-functionally is an important leadership
                  competency a logistics manager or professional should possess to help the business
                  or
                  organization achieve success in serving its customers.

               
               
               
               After introducing various types of organizational structures, we address centralization
                  versus decentralization.

               
               
               
               
                  
                  Types of Structures

                  
                  
                  
                  
                  Types of organizational structures that logistics professionals
                     might encounter include the functional structure without or with a logistics functional
                     area, the matrix structure, and the network structure. Note that we use an example
                     of a
                     manufacturing company here; different types of organizations will naturally have different
                     primary functions. In addition, these are just examples of generic organizational
                     charts.
                     Such charts will differ considerably in their details and will usually have more sublevels
                     than are shown in any of the following.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Functional organizational structure
                           with no logistics functional area. The functional organizational structure is
                           defined by the ASCM Supply Chain Dictionary as “an organizational structure
                           based on functional specialization, such as sales, engineering, manufacturing,
                           finance, and accounting.” It is a traditional hierarchical structure organized around
                           departmental authority. This creates a silo effect, where work done in one functional
                           area is a world unto itself, like a series of grain silos. Budgets and control allow
                           for good functional area optimization, but the chief problems in this model are
                           suboptimization and slow transfer of information or deliverables. In other words,
                           the
                           functional structure creates a fragmented logistics structure. Even an area like
                           inventory management might be fragmented, with raw materials being part of operations
                           and finished goods part of sales and marketing or distribution management. In such
                           situations, minimizing inventory in total becomes very challenging since each
                           functional area has an incentive to keep its own safety stocks. Exhibit 9-1 shows a
                           functional organizational chart with no specific logistics functional area.

                        
                        
                        
                        
                           Exhibit 9-1: Functional Structure (No Logistics Functional Area)[image: This image shows an organizational chart that depicts how logistics functions are integrated within a company’s broader functional structure that has no specific logistics functional area. Go to long description for more details.]
                        Go to long description.

                        
                        
                        
                        
                        Note that each of the organization’s main
                           functional areas contains portions of logistics. Procurement directs physical supply,
                           and perhaps there would also be a contract administration function. Manufacturing
                           directs materials management, which might include production planning and raw
                           materials warehousing. Sales directs order management as well as physical
                           distribution, which could include inventory management, warehouse management,
                           distribution requirements planning, transportation, and contract management. Finally,
                           finance sets goals for department budgets, including the portion of each budget
                           related to logistics. It also conducts accounting and so on. It should be clear that
                           improving coordination in this arrangement will require significant work, such as
                           unofficial leadership efforts.

                        
                        
                        
                        When a supply chain manager or logistics manager
                           role is added to a functional structure, it could be as a coordinator with
                           insufficient authority or it could be a high-level management position as another
                           layer of hierarchy. An example of the latter is a distribution manager with authority
                           over planning and control, operations, and inventory management functional areas.
                           In
                           some cases, this results in a dedicated logistics department, which moves from a
                           fragmented to a unified structure, at least for the parts of logistics in that
                           department.

                        
                        
                        
                        While different levels of logistics integration
                           maturity can exist at an organization, how that integration is achieved can take many
                           different and valid forms. However, a functional organizational chart that has no
                           logistics functional area will have more difficulty in creating higher levels of
                           logistics integration than other types, and so would likely enable no higher than
                           a
                           semi-functional enterprise level of supply chain maturity (level 2 of the five-stage
                           model addressed elsewhere).

                        
                        

                     
                     
                     	
                        
                        
                        Functional
                              structure with logistics functional area.
                           Exhibit 9-2
                           shows a functional organizational chart in which a logistics department has been
                           created.

                        
                        
                        
                        
                           Exhibit 9-2: Functional Structure (with a Logistics Functional Area)[image: This image shows an organizational chart where logistics is a distinct functional area alongside procurement, manufacturing, sales, and finance. Go to long description for more details.]
                        Go to long description.

                        
                        
                        
                        
                        In this structure, higher levels of integration
                           maturity are possible. Note the examples of second-level logistics management
                           positions. These would vary depending on the type of organization and its logistics
                           needs. In this structure, the other functional areas have no direct say in managing
                           areas of logistics that are related to them, such as procurement not directing
                           physical supply. Clearly a high degree of cooperation is still required.

                        
                        

                     
                     
                     	
                        
                        
                        Matrix organizational structure.
                           The ASCM Supply Chain Dictionary defines this structure as “an organizational
                           structure in which two (or more) channels of command, budget responsibility, and
                           performance measurement exist simultaneously. For example, both product and functional
                           forms of organization could be implemented simultaneously—that is, the product and
                           functional managers have equal authority, and employees report to both managers.”
                           In a
                           matrix organizational structure, supply chain and logistics management may or may
                           not
                           be functional areas on their own. However, supply chain and logistics managers may
                           be
                           given cross-functional authority over planning and process for their areas of concern,
                           while functional department managers retain operational authority over their staff.
                           This recognizes the need for a planning role to reorganize processes from a systems
                           perspective while keeping operational functions efficient and accountable to a
                           specialized manager. However, it does create two “bosses” for some employees (e.g.,
                           a
                           procurement boss and a logistics boss) who could give conflicting directions. Exhibit 9-3 shows a
                           matrix organizational chart with logistics and a few other cross-functional processes.
                           This type of chart is also conducive to higher levels of logistics integration.

                        
                        
                        
                        
                           Exhibit 9-3: Matrix Structure with Logistics as Cross-Functional Area[image: This graphic shows a matrix structure where Logistics, along with Finance and HR, serves as a cross-functional area supporting the vertical departments of Procurement, Manufacturing, and Sales. Go to long description for more details.]
                        Go to long description.

                        
                        
                        
                        
                        Note how logistics can now create a cohesive
                           logistics strategy and policies, work to optimize the total cost of all functions,
                           set
                           a budget that is specific to logistics (rather than being a series of subbudgets in
                           other areas), and perform other coordination and administrative activities. The
                           individual verticals could still exercise a degree of control over related logistical
                           elements.

                        
                        
                        
                        A matrix structure is also common at
                           organizations that run multiple distinct projects, in which case each distinct project
                           becomes the cross-cutting element and logistics might have a representative on each
                           project. Another example is a series of cross-cutting product lines, each with
                           distinct logistics needs, such as one line using containerships and another using
                           air.

                        
                        

                     
                     
                     	
                        
                        
                        Process-oriented structure. A process-oriented structure orients itself around
                           processes rather than functions. It requires cross-functional collaboration and
                           teamwork, which may require some amount of centralization to coordinate. The idea
                           is
                           to study the value chain and create value-adding processes. For example, the order
                           management process would flow from order receipt and entry to credit check, order
                           prioritization, order picking, packing, and shipping.

                        
                        
                        
                        Value is created when the process as a whole flows smoothly. This is accomplished
                           by
                           training and empowering teams and persons closest to the activity to make independent
                           decisions. The structure depends on highly skilled employees who need little
                           supervision. These become self-directed work teams, and the overall process
                           coordination occurs through rapid sharing of information between teams using automated
                           methods and interconnected information systems. Here are some examples of logistics
                           processes that could have their own process owner, and for each, likely process team
                           representation is listed.

                        
                        
                        
                        
                           
                           	
                              
                              
                              New product development and launch process owner. Team: New product development,
                                 new product introduction, marketing, production, procurement, and logistics

                              
                              

                           
                           
                           	
                              
                              
                              Product life-cycle support process owner. Team: Finance, procurement, customer
                                 service, and logistics

                              
                              

                           
                           
                           	
                              
                              
                              Demand planning process owner. Team: Marketing, sales, production, finance,
                                 information technology (IT), and logistics 

                              
                              

                           
                           
                           	
                              
                              
                              Customer relationship management (CRM) process owner. Team: Customer service,
                                 marketing, sales, IT, and logistics

                              
                              

                           
                           
                           	
                              
                              
                              Order management, fulfillment, and service delivery process owner. Team: Customer
                                 service, order processing, sales, accounting, and logistics

                              
                              

                           
                           
                           	
                              
                              
                              Manufacturing custom orders process owner. Team: Production, sales, procurement,
                                 and logistics

                              
                              

                           
                           
                           	
                              
                              
                              Supplier relationship management and collaboration process owner. Team:
                                 Procurement, production, and IT

                              
                              

                           
                           
                           	
                              
                              
                              Reverse logistics process owner. Team: Customer service and logistics.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Network structure.
                           The network organizational structure is also based on integration of end-to-end
                           processes, but this model radically reorganizes teams so that the network itself is
                           a
                           loose collection of decentralized, independent units that are self-organizing and
                           work
                           toward a common goal via relationships, partnerships, alliances, and so on.  

                        
                        
                        
                        The strengths of a network structure are agility and customer focus. It satisfies
                           emerging customer needs quickly, in part by allowing custom orders to be evaluated
                           for
                           profitability and decided upon at lower organizational levels. It is agile in that
                           it
                           delays committing to production or other irrevocable courses of action until later
                           in
                           the cycle when better information on demand is known.

                        
                        
                        
                        A version of a network structure is a
                           customizable network of parties such as subsidiaries, independent organizations, or
                           competitors who have similar logistics needs and have decided to cooperate (at least
                           on logistics). Because the parties serve many of the same intermediate and ultimate
                           customers and can use many of the same logistics service providers (LSPs) and
                           suppliers, it makes sense to collaborate on logistics to reduce total costs or improve
                           service for all parties, for example, by combining two parties’ LTLs into one TL for
                           a
                           given customer. Exhibit 9-4 shows an organizational chart for a network of organizations.

                        
                        
                        
                        
                           Exhibit 9-4: Network Organizational Structure (Network of Multiple Organizations)[image: This graphic illustrates a network organizational structure where multiple organizations collaborate. It shows interactions between supplier networks, logistics service providers (LSPs), channel masters, and B2B customers within a broader customer base. Go to long description for more details.]
                        Go to long description.

                        
                        
                        
                        
                        Note the channel masters in the center. These
                           are the independent or semi-independent organizations that have chosen to develop
                           a
                           network. The supplier networks organized by the LSPs may have some overlap. The
                           network of suppliers and customers that best serves the particular need at hand will
                           be customized from the available options. Cohesive communications methodologies
                           (including information technology) will be important to ensuring optimization.

                        
                        

                     

                  
                  
                  
                  For an LSP, an organizational chart would need to
                     include some additional second-level management positions due to the fact that it
                     is an
                     independent organization. These might include fleet manager, sales manager, marketing
                     manager, finance manager, credit and collections manager, and so on.

                  
                  
               
               
               
               
                  
                  Centralization versus Decentralization

                  
                  
                  
                  
                  Functional structures tend to be more centralized,
                     while matrix and network structures are more decentralized. Centralization versus
                     decentralization also can manifest itself as part of geographic or regional arrangements.
                     Organizations can decide to have some types of logistics decisions be centralized
                     and
                     others decentralized. Exhibit 9-5 compares these methods of control.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 9-5: Centralization Versus Decentralization
                           
                           
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	 
                                 
                                 
                                 	
                                    
                                    
                                    Centralization

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Decentralization

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Common structures

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Functional without logistics area 

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Functional with logistics area

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Process-oriented

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Matrix

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Network 

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Geographic/regional decision making

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    All decision making at the corporate level

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Regional offices with defined degree of autonomy

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Geographic/regional specialization

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Efficiency

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Responsiveness to customer segment requirements (e.g., across time zones)

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Enablers

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Information systems with centralized management, visibility, and control
                                       features

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Information systems with agreed-upon guidelines built in

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  
                  
                  Centralized structures can use information systems such
                     as control towers to enable managing the network directly from the corporate level
                     while
                     providing detailed procedures and policies for other areas. Centralized structures,
                     for
                     example, can require that all offices use a particular shipping contract that has
                     a volume
                     discount. Decentralized structures could allow complete autonomy or could build in
                     some
                     guidelines and/or rules into information systems while still enabling the desired
                     level of
                     autonomy.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Logistics’ Role in Supply Chain Synchronization

            
            
            
            
               
               
               
                  Exhibit 9-6
                  shows how organizational structures can move from just one transaction between a salesperson
                  and a buyer to multiple interactions between various functions. Rather than a butterfly
                  or a
                  bow tie, you have a diamond. Any part of logistics that could benefit from a partnership
                  between customer and supplier or between various specialists and service providers
                  will need
                  to reorganize to facilitate these direct relationships. Suitable cross-organizational
                  processes and shared information system access will also be needed to give all parties
                  clear
                  roles to play and access to the same information.

               
               
               
               
                  Exhibit 9-6: Moving from Transactional Relationships to Linked Functions[image: This graphic illustrates the shift from transactional relationships to linked functions between organizations. Go to long description for more details.]
               
                  Source: The Practice of Supply
                        Chain Management, Terry P. Harrison, Hau L. Lee, and John J. Neale,
                     editors
                  

               
                  Go to long description.
                  

               
               
               

            
            

         
         
         
         
            
            
            Operating Arrangements

            
            
            
            
               
               
               Operating arrangements involve specializing logistics
                  functionality to match the organization’s competitive strategies.

               
               
               
               
                  
                  Echelon

                  
                  
                  Echelons are levels of supply chain nodes. All first-level suppliers
                     would be an echelon, all manufacturers would be an echelon, all consolidation warehouses
                     another, all retailers, and so on. Different warehousing echelons have different areas
                     of
                     specialization. Warehouses can be used to create inventory assortments and facilitate
                     shipping in volume. This type of operating arrangement works very well for retailers
                     and
                     major product manufacturers, especially ones that manufacture wide arrays of product
                     lines
                     for consumers. Full containers of just one product can arrive at a break-bulk center,
                     and
                     full truckloads of assortments for retail centers can be shipped out. Major product
                     manufacturers can use this type of network to get all of the right subassemblies to
                     the
                     final assembly points efficiently.

                  
               
               
               
               
                  
                  Direct

                  
                  
                  Direct operating arrangements traditionally focus on
                     having the fewest possible warehouses to minimize inventory and warehouse cost, with
                     direct shipping to the point of demand. Newer permutations of this model often have
                     one
                     warehouse per direct delivery shipping zone. Major markets will have their own warehouse
                     for fast delivery, while smaller markets will be served by a regional warehouse with
                     a
                     much larger shipping zone. These systems can then minimize the cost of postal service
                     delivery or parcel services like UPS or FedEx or their own fleet costs by always
                     delivering within just one zone.

                  
               
               
               
               
                  
                  Combined

                  
                  
                  The combined model uses both echelons
                     and direct methods, depending on which is more efficient for a given product. The
                     goal is
                     to postpone moving items forward in the supply chain for as long as possible to meet
                     actual demand patterns. Materials and products that have high turnover are kept in
                     forward
                     echelon warehouses (warehouses that are closest to the final customers), while
                     slow-moving, risky, or costly items are held back at centralized warehouses for direct
                     on-demand delivery. While delivery is longer and more expensive, the savings from
                     lower
                     inventory holding costs justify it. The same component may move from one strategy
                     to the
                     other as it progresses through its life cycle. However, a B2B organization selling
                     parts
                     to support production equipment may do the opposite to ensure high service availability.
                     It may locate the slow movers in forward echelon warehouses to guarantee their fast
                     availability while centralizing its fast moving inventory (e.g., preventive maintenance
                     parts) because it is easier to forecast these and they can be direct shipped from
                     the
                     warehouse at lower overall cost.

                  
               
               
               
               
                  
                  Flexible

                  
                  
                  A flexible model involves various strategies that either allow
                     warehouses to intercommunicate and share workloads or eliminate echelons. A common
                     form is
                     to have an order be shipped from a more distant warehouse when it would otherwise
                     need to
                     be backordered. Since the expense will be greater, this action might be triggered
                     whenever
                     the basic service level would be violated or whenever the requirement is of high
                     importance to the customer. A flexible logistics operating structure is also better
                     able
                     to adapt to emergency situations since alternate routes and methods have already been
                     developed. Thus, this system requires a flexible decision process, with predefined
                     decision scenarios as well as a real-time method of checking inventory at various
                     locations and forwarding orders to the best party.

                  
                  
                  One predefined scenario is when a customer is
                     equidistant from two warehouses. The one with the highest inventory or most shipping
                     capacity might be selected, with the intent of creating a balanced workload. Another
                     scenario is to simply calculate the lowest total cost for each possible method, including
                     use of direct plant-to-customer shipment when available. A third scenario is to stock
                     a
                     master facility with a full line of products and have it support a set of restricted
                     facilities that carry only a limited line of inventory. The order might be split,
                     with
                     some parts coming from the close warehouse and some from the master facility, or the
                     full
                     order might come from the master facility depending on the cost and customer preference.
                     It is sometimes also possible to consolidate orders in transit.

                  
                  
                  A cross-docking facility is another
                     example of a flexible model. For it to work correctly, orders from various manufacturers
                     need to be timed to arrive on schedule so they can be part of the right outgoing
                     assortments. Cross-docking is considered part of this model because it avoids the
                     need to
                     maintain a consolidation warehouse.

                  
                  
                  A final form
                     of flexible logistics is to use integrated service providers. These providers can
                     hold
                     slow-moving inventory, allowing the organization’s echelon inventory system to focus
                     only
                     on fast-moving inventory. Integrated service providers specialize in consolidation
                     services but often offer many other value-added services to justify their
                     costs.

                  
               
               

            
            

         
         
   
      
         
         
         
         Recognize Logistics
            Relationships and Interdependencies

         
         
         
         
            
            
            The same reasons why close
               integration among internal logistics functions creates value for customers
               are why supply chain managers are working toward collaborative relationships
               among all members of the supply chain. Technology and new perspectives on
               developing win-win relationships, as well as necessity, are facilitating
               this transformation. Organizations that get this right have better service
               for lower cost and less risk. Partners who share demand information can
               reduce the bullwhip effect. If they share future plans and strategies, they
               can find better ways, both faster and cheaper, to satisfy customer
               requirements. They can eliminate duplicate effort and duplicate inventory
               without harming customer service levels. If they share cultures, they can
               meet sustainability goals and achieve a balance of power and leadership in
               the relationship.

            
            
            
            However, not every relationship can or should
               be at a close partnership level. As a logistics manager, you need to know
               the range these relationships can take. This topic considers these
               relationships from the perspective of both a manufacturer and a logistics
               professional working at a 3PL. The topic also addresses factors that promote
               better partnerships and discusses some specific forms of logistics
               collaboration, such as vendor-managed inventory.

            
            

         
         
         
         
         
            
            
            Relationship Types

            
            
            
            
               
               
               Relationships fall on a continuum from
                  transactional to relational, from short-term to long-term, from operational
                  to strategic. Exhibit 9-7 presents five
                  types of relationships that fall in this range.

               
               
               
               
                  Exhibit 9-7: Relationship Types on a Spectrum[image: This image shows a bidirectional arrow illustrating the continuum of business relationships, ranging from transactional to relational. The five stages within the arrow include: “Contract,” “Ongoing relationship,” “Leader/follower,” “Strategic alliance,” and “Enterprise extension.”]
               
               
               
               
               
                  
                  Contract

                  
                  
                  A
                     contract relationship could be to procure a product or service, which
                     could include transportation, warehousing, inventory, customer
                     service, and so on. The key points are that the contract has an end
                     date and there is no guarantee that either party will continue it. It
                     can be adversarial, especially when negotiating over prices and terms
                     of performance. The principal means of control is through enforcement
                     of contract terms, including penalties, or exercising of termination
                     clauses.

                  
               
               
               
               
                  
                  Ongoing
                     Relationship

                  
                  
                  An
                     ongoing relationship is a contract for an extended period that
                     involves handing off a business process or having the provider perform
                     a service for you or your customers. This can be manufacturing,
                     warehousing, transportation, and so on. Third-party logistics
                     providers could be at this level or at higher levels of partnership.
                     Some degree of information sharing will take place at this level, but
                     this will often be just operational information and feedback on
                     performance. Contracts will still dictate performance criteria, but
                     relationship management is necessary.

                  
               
               
               
               
                  
                  Leader/Follower

                  
                  
                  A leader/follower relationship, also
                     called an administered relationship, is the first level where parties
                     start to integrate their supply chains and collaborate. The leader,
                     often called a channel master, will share its strategy with followers
                     and may invite the followers to participate in joint planning to some
                     degree. The channel master will be the one with the most power in the
                     relationship, often due to brand equity or sheer size. It can be a
                     large retailer, an online seller, a product design and marketing firm,
                     or a manufacturer. The relationship may be indefinite rather than
                     requiring contract renewal. While there is still a command and control
                     relationship, long-term success will require both parties to remain
                     viable.

                  
               
               
               
               
                  
                  Strategic
                     Alliance

                  
                  
                  According to the ASCM Supply Chain Dictionary, a strategic alliance is

                  
                  
                  
                     
                     a relationship formed by two or
                        more organizations that share proprietary information,
                        participate in joint investments, and develop linked and common
                        processes to increase the performance of both companies. Many
                        organizations form strategic alliances to increase the
                        performance of their common supply chain.

                     

                  
                  
                  Strategic alliances involve voluntary
                     integration of the parties. The relationship is more collegiate, as
                     multiple areas meet to share best practices and collaborate on
                     strategy. Organizations that reach this level of trust and information
                     sharing are able to maintain the relationship over the long term,
                     removing duplicate processes and streamlining to include just what is
                     value-added. They may create joint policies such as for sustainability
                     and have the party that is best able to address a given risk have that
                     risk transferred to them.

                  
                  
                  Strategic alliances provide the benefits of a vertically integrated
                     organization (one that owns each portion of the supply chain) without
                     the risks (which include an inability to remain competitive in each
                     area of specialization in the face of competition and supply chains
                     that are now global, have shorter life cycles, and so on). Instead,
                     strategic partners are selected because they have global reach and can
                     adapt or be replaced as products change.

                  
               
               
               
               
                  
                  Enterprise
                     Extension

                  
                  
                  Enterprise extension is where two organizations
                     operate as one for all intents and purposes. The parties integrate
                     cultures, processes, and information sharing to the fullest extent
                     possible. Some of Apple’s and Dell’s tightly integrated suppliers are
                     examples.

                  
               
               

            
            

         
         
         
         
            
            
            Logistics Service Provider (3PL and 4PL)
               Perspective

            
            
            
            
               
               
               Logistics service providers (LSPs,
                  which include third-party logistics [3PL], fourth-party logistics [4PL], and
                  fifth-party logistics [5PL]) are essentially outside parties that take over
                  portions of logistics or the entire function. LSPs generally are at the
                  ongoing relationship level or higher, because, to add value, they need to be
                  more efficient and effective than the organization could be itself. Because
                  they have significant experience managing logistics, they can quickly gain
                  more and more trust. They also usually have robust information systems, so
                  if they can integrate with their client’s information system, higher levels
                  of collaboration become possible. Often this will take the form of a web
                  platform that multiple parties can participate in. Avoiding unnecessary
                  price increases and providing greater visibility into operations will build
                  trust.

               
               
               
               The important first step is to understand
                  their customers’ goals and success criteria. This will allow them to
                  understand first, before attempting to be understood. Often clients will
                  want to exercise a high degree of management control over the relationship
                  at first, with this being scaled back as trust is built over time, in part
                  because of successful performance. Most clients typically retain control
                  over strategy setting at all times.

               
               
               
               Clients tend to think of LSPs that fill the
                  role of 3PLs as primarily tactical services, so if you want to position
                  yourself as a strategic or integrative organization, it will take some
                  relationship building. LSPs that function more as 4PLs, on the other hand,
                  are already thought of as strategic, and their challenge is to influence
                  strategy development and gain enough autonomy to conduct operations
                  efficiently and effectively. Today’s customers also need strategic logistics
                  providers to innovate continuously to keep up with how they need to serve
                  customers, such as omni-channel marketing, near-shoring, and other
                  developments. However, acquiring talent and investing in innovation are a
                  challenge when there is so much cost pressure on organizations.

               
               

            
            

         
         
         
         
            
            
            Factors to Address

            
            
            
            
               
               
               Achieving higher levels of relationships requires
                  addressing trust, leadership, power, risk, and information sharing and
                  visibility.

               
               
               
               
                  
                  Trust

                  
                  
                  Trust is an essential element for
                     any of the higher forms of relationships, since sensitive information
                     needs to be shared and partners rely on each other to perform their
                     roles flawlessly. In addition to reliability being a necessary element
                     in developing trust over time, the organization’s character is a
                     factor. Character is made up of culture, governance, ethics, and
                     leadership. Good character is present when each party has the others’
                     best interests in mind, including safeguarding of proprietary and
                     confidential information. Character-based trust is especially
                     important in leader/follower relationships, because there is higher
                     potential for abuse of power. Frank disclosure of needed information
                     and explaining one’s actions (especially actions that could be seen as
                     controversial) build trust. Contracts that require sharing of
                     sensitive information should include nondisclosure agreements in the
                     terms and conditions.

                  
               
               
               
               
                  
                  Leadership

                  
                  
                  The channel
                     master or leader of a supply chain has an opportunity to exercise
                     leadership in many ways. More effective methods include sharing of
                     expertise and providing rewards for excellence.

                  
               
               
               
               
                  
                  Power

                  
                  
                  Relationships may be ones of mutual
                     dependence and equality, but frequently one party will be larger or
                     will have greater brand equity or purchasing power. Retailers and
                     online merchants often have more power because of market
                     consolidation, because they have direct information about end
                     customers through credit cards and affinity programs, because
                     point-of-sale data are used to pull manufacturing orders, or because
                     they have increasing market share. On the other hand, some
                     manufacturers have specialized in market niche categories and have
                     many marketing and sales channels from which to offer their goods.
                     Regardless of who is in power, using that power to force price
                     concessions while demanding greater quality can work for a time, but
                     if the partner is squeezed too much, there is a risk of insolvency. It
                     is better to share risks and rewards fairly.

                  
               
               
               
               
                  
                  Risk

                  
                  
                  Risk in relationships might be
                     shared by policy, but they will always be disproportionately
                     allocated. Those partners whose role is more central will take on more
                     risk, since the partnership relates to their main line of business.
                     This can be seen as a good thing, since organizations that have more
                     to lose will be more motivated to ensure success. Those parties with
                     higher risk should have proportionately more responsibility and power.
                     Highly specialized partners or partners with a wide array of products
                     will bear less risk because they often have multiple partnerships in
                     different supply chains. Similarly, organizations with a smaller line
                     of products will be more bound to one or just a few supply chains and
                     will therefore have higher risk. Risk and reward sharing contracts can
                     ensure that all parties get a fair portion of any financial losses or
                     gains.

                  
               
               
               
               
                  
                  Information
                     Sharing and Visibility

                  
                  
                  Information sharing is vital because when sales forecasts or actual
                     demand data and customer profiles are shared, supply will match demand
                     better, meaning that inventory levels and total costs can be lower.
                     Other logistics information needed to build relationships includes
                     inventory levels, product customization requests, warehouse releases,
                     advanced shipment notifications, and shipping status.

                  
                  
                  Visibility of information is critical
                     to organizational success both internal to the organization and with
                     supply chain partners. Policies that require and promote internal
                     communication can prevent the problems that occur when, for example,
                     marketing and sales plan for significant growth, and perhaps work with
                     manufacturing to increase that capacity, but disregard logistics
                     entirely, meaning that there is nowhere to store the increased
                     inventory and there is insufficient infrastructure and staffing to
                     handle the higher throughput. This leads to the use of short-term or
                     spot contracts with carriers and warehouse space providers at a much
                     higher cost than if the information had been communicated to logistics
                     in the first place. Rather than the increased profits being consumed
                     by increased logistics costs, logistics can instead be proactive,
                     adding value and finding ways to increase economies of scale and lower
                     the overall cost per unit while making the expansion. Similarly,
                     visibility needs to be developed with external partners though joint
                     information technology projects and contractual agreements to meet
                     formally and informally to discuss long-term strategy or develop it
                     jointly so that other parties’ logistics capabilities will be prepared
                     to fulfill their part of the supply chain strategy.

                  
               
               

            
            

         
         
         
         
            
            
            External Logistics Interdependencies

            
            
            
            
               
               
               Interdependence means that both parties need each other (dependence) and
                  together they achieve more than either could separately (interdependence).
                  The latter part of this is also the definition of synergy. Here we provide a
                  few representative examples of how various supply chain entities have become
                  interdependent. All of the parties mentioned here are discussed in more
                  detail elsewhere.

               
               
               
               
                  
                  Supplier/Customer Interdependencies

                  
                  
                  
                  Organizations that establish deeper relationships with
                     suppliers or customers may create interdependence in several ways. If
                     they establish methods of sharing information, their information
                     systems will become integrated. Moreover, if they establish processes
                     to share strategies and even develop joint strategies, the
                     organizations will become interdependent. While the technical
                     arrangements are becoming simpler thanks to tools like application
                     programming interfaces (APIs), and can be terminated if necessary,
                     moving away from a joint strategy will be more difficult. A deeper
                     interdependency is also created when the parties start specializing in
                     certain roles to increase their efficiency and effectiveness. An
                     organization that specializes will lose the capabilities it no longer
                     does itself.

                  
                  
               
               
               
               
                  
                  3PL and Parcel Service Interdependencies

                  
                  
                  
                  
                  According to data from Mordor Intelligence, the 3PL
                     market in 2024 was estimated to be $1.29 trillion, or over 1 percent
                     of estimated worldwide GDP (almost $110 trillion). 3PLs have also been
                     consolidating and there are now fewer single warehouse 3PLs. The 3PL
                     market is projected to grow at a 5 percent compound annual growth rate
                     and be at $1.68 trillion by 2029 due to the increasing complexity of
                     supply chains, importance of e-commerce, and desire to refocus on core
                     competencies. 

                  
                  
                  
                  Many organizations have become dependent on 3PLs to sustain their
                     business. 3PLs with regional ties are especially valuable and can
                     create interdependence. For example, the 2024 State of the
                        Third-Party Logistics Industry Report cites an article in
                     Supply Chain Dive. The CEO of DXL Group, Harvey Kanter, explained how
                     their men’s apparel business prioritizes adaptability and agility,
                     saying, “There’s 45 days to get goods from Asia to here, and there’s a
                     certain cost associated with it. It takes one week to get goods from
                     Mexico. Mexico costs more money but we have more agility to chase
                     goods, and we have deep relationships.” Another example is a 3PL or
                     4PL offering the benefits of cutting-edge software.

                  
                  
                  
                  Interdependencies with parcel services can be illustrated by the threat
                     of a Teamsters union strike against UPS in 2023. Fears of the impact
                     of UPS work stoppage (which was narrowly averted) caused a significant
                     number of UPS clients to switch to alternate carriers, dropping UPS’
                     shipping volumes by 2.2 million packages per day year-over-year, a 9.4
                     percent decrease. This shift may be part of the reason why Amazon
                     became the largest delivery organization in the U.S in 2023. Both UPS
                     and FedEx are working to reclaim customer loyalty, and both offered
                     lower general rate increases in 2024 than in the past (only 5.9
                     percent versus the 2023 increase of 6.9 percent).

                  
                  
               
               
               
               
                  
                  Agent Interdependencies

                  
                  
                  
                  An agent is a person or small organization who represents
                     a manufacturer in sales development. While agents do not buy the items
                     being sold, they typically specialize in a complimentary set of
                     products rather than selling products that compete with each other.
                     The interdependencies in this relationship include getting prompt
                     support from the manufacturer so that sales attempts do not fail due
                     to lack of responsiveness. It is also value-added to provide agents
                     with training in the products and other forms of support (sellers who
                     instead provide only a sales brochure and price list will be less
                     interdependent and likely less successful).

                  
                  
                  
                  Agents are also interdependent with the manufacturer. While they do not
                     take title to the goods, they take significant risk since they spend
                     considerable time and money developing a market and relationships but
                     may not get paid until after each sale goes through. If they are
                     successful in building a market for the product(s), the manufacturer
                     may be tempted to avoid the agent’s sales commissions and create a
                     sales subsidiary. Customer loyalties tend to reside with the agent, so
                     such a shift in strategy is high in risk for the manufacturer, who
                     will likely see sales suffer for several years in addition to harming
                     the relationship with the agent. Pierre David, in International
                        Logistics, recommends avoiding this type of shift in
                     strategy for these reasons. Similar advice is given for distributor
                     interdependencies.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Initiating, Maintaining, and Terminating
               Relationships

            
            
            
            
               
               
               A new or deepening relationship is
                  at a critical point, since so many things can go wrong and first impressions
                  will be lasting. More time invested in analysis and project planning will
                  reduce the risk of failure and increase the benefits that each party will
                  receive.

               
               
               
               Both parties in a relationship need to
                  maintain an exit plan in case the relationship is no longer meeting
                  expectations and needs to be terminated. Reasons for termination could be
                  unprofitable cost pressure from a customer or failure to remedy service
                  failures on the part of a logistics service provider. They could involve a
                  difference of opinion on strategic direction, or the organizations could
                  have become competitors. The time to discuss termination is at the start of
                  the relationship, especially since termination clauses need to be negotiated
                  into the contract.

               
               

            
            

         
         
         
         
            
            
            Types of Collaboration

            
            
            
            
               
               
               One purpose of
                  collaboration is to avoid hidden costs by getting input from others for
                  joint design, sourcing, and logistics so their requirements can be factored
                  in from the start. Relationships can be horizontal (between two
                  manufacturers, etc.), vertical (between manufacturers and distributors,
                  etc.), or both. Vertical collaboration (i.e., supply chain management) is
                  intended to better align the supply chain by sharing information. Horizontal
                  collaboration is discussed more next, and some types of vertical
                  collaboration related to inventory planning are also discussed below.

               
               
               
               
                  
                  Horizontal
                     Collaboration

                  
                  
                  Horizontal
                     relationships might be between competitors or organizations doing
                     parts of a process in parallel or in sequence. Some competitors view
                     logistics operations as a commodity and therefore have established
                     shared logistics services through LSPs. For example, Kimberly-Clark
                     and Unilever discovered that they delivered to more than 60 percent of
                     the same retailers. By combining deliveries to these outlets, the two
                     organizations were able to deliver more frequently overall while
                     reducing costs for each organization. They further enhanced this
                     collaboration by building a shared consolidation warehouse. While
                     working with competitors does require a different level of trust and
                     commitment and possibly some additional contract clauses and
                     protections, it can work if there is enough compatibility among
                     corporate cultures and enough overlap of customers and distribution
                     networks.

                  
               
               
               
               
                  
                  Vertical Collaboration

                  
                  
                  
                     
                     Quick Response

                     
                     
                     Quick response (QR) is a type of
                        manufacturer-retailer collaboration that modifies a just-in-time
                        inventory replenishment system to have very high inventory
                        turnover times and no excess work-in-process or pipeline
                        inventories. It does this by having the manufacturer run small
                        batches with fast changeovers so it can respond immediately to
                        shifts in demand. Stores get extremely high customer service
                        because very fast transportation methods are used. This method
                        was pioneered in the textile industry to accommodate the trend
                        for fast fashion and to remain competitive with global low-cost
                        market entrants.

                     
                  
                  
                     
                     Efficient Consumer Response

                     
                     
                     Efficient consumer
                        response (ECR) aims to get information and goods flowing
                        smoothly between various manufacturers and retailers, with an
                        emphasis on handing off traditional functions to another partner
                        if that partner can do it at lower cost. It minimizes inventory
                        using cross-docking and direct deliveries, continuous
                        replenishment (sales-based rather than forecast-based ordering),
                        heavy use of automated data transfer (via electronic data
                        interchange), and use of vendor-managed inventory (discussed
                        below) whenever possible. The key benefits are faster
                        replenishment (thus fewer stockouts) and better store
                        assortments. The latter is accomplished in part by tailoring the
                        products on the shelves to local
                        preferences.

                     
                  
                  
                     
                     Collaborative Planning, Forecasting,
                           and Replenishment

                     
                     
                     Collaborative planning, forecasting, and
                        replenishment (CPFR) involves collaboration among manufacturers
                        and retailers in four main areas: strategy and planning, demand
                        and supply management, execution, and analysis.

                     
                     
                     Strategy and planning are used
                        to plan events jointly and to decide on product mixes. Demand
                        and supply management are used to do joint forecasts based on
                        actual consumer demand data and to plan replenishment together.
                        Execution involves order management and fulfillment activities.
                        Analysis involves monitoring key performance indicators and
                        exception orders and developing ways to continuously
                        improve.

                     
                  
                  
                     
                     Vendor-Managed Inventory

                     
                     
                     Vendor-managed inventory (VMI) involves giving the supplier
                        (often this is a distributor or possibly the manufacturer) the
                        responsibility for restocking its products on the retailer’s
                        shelves or, in some cases, just in the retailer’s DC. Retailers
                        may get to delay payments for the inventory, and the supplier
                        gets a deeper, longer-lasting relationship with the retailer and
                        a much reduced bullwhip effect (“an extreme change in the supply
                        position upstream in a supply chain generated by a small change
                        in demand downstream...” per the ASCM Supply Chain
                           Dictionary). Inventory overall is reduced. The
                        supplier also gets more direct information on retail demand.

                     
                  
                  
                  
                     
                     
                     Demand-Driven Methodology (DDM)

                     
                     
                     
                     Demand-driven methodology (DDM), which includes demand-driven
                        material requirements planning (DDMRP) as a key component, is an
                        advanced supply chain management approach that reduces reliance
                        on forecasting by using actual, real-time customer demand
                        signals to trigger the replenishment of inventory. Doing so
                        reduces uncertainty in both supply and demand. The methodology
                        uses strategically placed inventory buffers to reduce lead times
                        and inventory carrying costs. Buffer size is dynamically
                        adjusted based on demand, supply lead time, and demand
                        variability. This framework allows organizations to be both
                        adaptive and customer-centric. Organizations ensure that they
                        transform and distribute products and services based only on
                        real-time demand signals.

                     
                     
                     
                     Demand-driven methodology is being implemented by organizations
                        that operate in volatile markets because it helps compress lead
                        times, improve agility, and maintain or improve customer service
                        simultaneously, even in a global supply chain. These
                        organizations have reported significant increases in their
                        return on assets (ROA) because they can hit targeted service
                        levels with far less inventory. Another reason for ROA increases
                        is that the responsiveness to actual customer demand can result
                        in increased sales revenues. ROA is addressed in detail
                        elsewhere.

                     
                     
                  
               
               

            
            

         
         
   
      
         
         
         
         Section B: Coordinate Strategic Performance Management

         
         
         
         
            
            
            
               After completing this
                  section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Develop key performance
                     indicators (KPIs) for logistics functions that encourage the right behavior and deter
                     unwanted behavior

                  
                  

               
               
               
               	
                  
                  
                  Understand the value of an integrated measurement model (KPI tree) to enable KPI alignment
                     up to
                     supply chain and organizational strategy and down to tactical and operational goals

                  
                  

               
               
               
               	
                  
                  
                  Leverage SCOR DS performance measures and other KPIs to
                     provide a solid foundation for logistics system monitoring and control

                  
                  

               
               
               
               	
                  
                  
                  Understand how the Digital Capabilities Model for Supply Networks
                     can help an organization determine a set of desired advanced supply chain
                     capabilities

                  
                  

               
               
               
               	
                  
                  
                  Benchmark internally,
                     against competitors, and against best-in-class organizations to determine the relative
                     success of logistics operations.

                  
                  

               
               

            
            
            
            This section discusses performance management
               concepts in general and then addresses some strategic-level performance metrics (i.e.,
               summary or aggregate-level metrics).

            
            

         
         
         
         
   
      
         
         
         
         Manage Performance

         
         
         
         
            
            
            Performance management is an important process in logistics,
               highlighting areas that can be improved to increase value to the organization. Proper
               selection of metrics and performance targets and robust measurement and analysis of
               performance are required to maximize the value of performance management.

            
            

         
         
         
         
         
            
            
            Performance Management Road Map

            
            
            
            
               
               
               Managing performance is a time-consuming activity that often appears
                  to be only indirectly related to creating value. Implemented poorly, performance management
                  systems can feel like busy work: hours spent gathering data with no particular purpose.
                  It
                  is critical to view performance management as an investment of resources intended
                  to produce
                  improvements that will affect the logistics function’s value to the business—both
                  economic
                  and ethical—and support the logistics manager’s job.

               
               
               
               Performance management is a way to

               
               
               
               
                  
                  
                  	
                     
                     
                     Make better investment
                        decisions. Understanding current levels of efficiency or utilization supports strategic
                        investments, such as warehouse redesign or expansion or implementation of automated
                        systems.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Predict performance more
                        accurately and control scheduling of processes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identify emerging issues and
                        correct them before they seriously damage performance.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identify performance factors
                        that are preventing the business from succeeding, for example, poor efficiency that
                        is
                        increasing costs, decreasing margin, and hampering the ability to compete. It is a
                        way
                        to take businesses further, to make internal changes in response to external changes
                        and
                        opportunities.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Assign more accurate costs to
                        processes and resources so that services can produce more profit.

                     
                     

                  
                  

               
               
               
               The ASCM Supply Chain Dictionary
                  defines a performance measurement system as

               
               
               
               
                  
                  a system for collecting,
                     measuring, and comparing a measure to a standard for a specific criterion for an
                     operation, item, good, service, business, etc. A performance measurement system consists
                     of a criterion, a standard, and a measure.

                  

               
               
               
               No matter what strategy is being tracked and measured,
                  meaningful metrics are essential, because you cannot improve what you do not measure.
                  While
                  there is no guarantee of achieving a performance goal that is measured, it’s a virtual
                  certainty that a company will fail to achieve what it ignores.

               
               
               
               The basic objectives of any measurement system are

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Monitoring.
                           
                        Tracking actual system
                           performance by observing and gathering data that are relevant to business
                           objectives.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Controlling.
                           
                        Comparing data to
                           appropriate standards for performance to determine when the system needs modification
                           or attention, identify causes, and adjust the system to get back on course or
                           continuously improve.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Directing.
                           
                        Developing an
                           understanding of human motivation and what incentives motivate people to work toward
                           organizational goals while minimizing unintended consequences. In other words,
                           measurement becomes a tool to enable effective leadership and management of the
                           workforce.
                        

                     
                     

                  
                  

               
               
               
               Measurement can track both efficiency (doing the thing
                  right) and effectiveness (doing the right things). This includes meeting promised
                  service
                  levels and budgets and accomplishing plan goals.

               
               
               
               Performance management is a closed feedback loop, as
                  shown in Exhibit 9-8:

               
               
               
               
                  
                  
                  	
                     
                     
                     Performance objectives or value
                        drivers are set.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Performance is
                        measured.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Measurement data are analyzed.
                        Data are compared to targets, and reasons for inadequate performance are
                        investigated.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Inadequate performance is
                        corrected and measured again to ensure that the desired change has been
                        achieved.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Good performance is
                        supported.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The cycle continues.
                        Performance metrics and objectives are adjusted if necessary.

                     
                     

                  
                  

               
               
               
               
                  Exhibit 9-8: Performance Management Process[image: This image illustrates the performance management process in a circular flow. It starts with “Set performance objectives,” followed by “Measure performance,” then “Analyze data,” and proceeds to “Correct performance” when necessary. After correction, the process moves to “Sustain performance,” ensuring ongoing success, and circles back to the starting point. Each step is connected by arrows, indicating a continuous cycle aimed at maintaining and improving performance over time.]
               
               
               
               
               Much has been said on setting performance objectives in
                  terms of defining how logistics will add value to the organization and enable its
                  overall
                  strategy to succeed. Other terms for performance objectives are critical success factors
                  and
                  value drivers.

               
               
               
               
                  
                  
                  	
                     
                     
                     Viewing performance objectives
                        as critical success factors highlights the fact that there are usually just a vital
                        few
                        metrics that tie directly to the organization’s strategic goals. Logistics should
                        work
                        with other functional areas to identify the organization’s critical success factors
                        if
                        they have not yet been clarified. These will be different for every organization,
                        but
                        they typically relate to the main things that drive competitive advantage and thus
                        profitability and ongoing viability as an organization.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Value drivers are the results,
                        actions, and processes that increase the perception of value that the organization
                        or
                        its functions (such as logistics) should generate. They answer the question: Am I
                        taking
                        care of my customers?

                     
                     

                  
                  

               
               
               
               The performance levels that are needed to attain these critical
                  success factors or value drivers are called key performance indicators (KPIs).

               
               
               
               Goals, performance objectives, and KPIs need to be in
                  alignment to ensure that the organization is measuring the right activities. Measures
                  that
                  do not relate to these goals and objectives may make the organization look like it
                  is doing
                  well superficially or could even be misleading because they could prompt people to
                  work in
                  ways that are counterproductive to the organization’s and the logistics function’s
                  true
                  goals. The following are examples of objectives or value drivers organizations might
                  select;
                  examples of KPIs that logistics could use to contribute value to these drivers are
                  listed in
                  parentheses.

               
               
               
               
                  
                  
                  	
                     
                     
                     Pharmaceuticals:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Proof of compliance with
                              regulations (logistics metric: accuracy and completeness of chain-of-custody
                              information)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Drugs that meet target
                              efficacy as delivered (logistics metric: drug temperature monitored and controlled
                              at all stages of storage and transport)

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Retail:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Attraction of new shoppers
                              (logistics metrics: short lead time at competitive price to deliver fast-moving
                              consumer goods; stockout rates for key products)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Efficiency in generating
                              sales per unit of retail space (logistics metric: ability to provide new assortments
                              on demand)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Sufficient inventory
                              for demand without overstocks (logistics metrics: retail compliance metrics such as
                              on-time in full [OTIF])

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               The key to effective performance management is selecting
                  the right metrics (the right criteria), setting a performance target, measuring performance
                  in the right way and at the right intervals (the measure), and taking the right action
                  to
                  sustain or achieve the desired level of performance. In order to gain the most benefits
                  from
                  performance management, the correct metrics must be selected, proper performance targets
                  must be chosen, and performance must be measured and analyzed on an ongoing basis.

               
               

            
            

         
         
         
         
            
            
            Selecting Metrics

            
            
            
            
               
               
               What is being measured creates
                  incentives for the participants subjected to those measures, but these incentives
                  can
                  sometimes have unintended consequences. Logistics professionals or contracted organizations
                  will work toward driving a metric in a more favorable direction in order to prove
                  positive
                  performance. The risk is that this also creates an incentive to ignore or sacrifice
                  things
                  that are not being measured. For example, a purchasing agent whose performance is
                  being
                  measured on purchase price variance could be motivated to buy in bulk to get discounts
                  and
                  to select the lowest bidder. However, the selected metrics could introduce a side
                  effect of
                  increasing inventory and reducing quality. Organizations are moving away from measuring
                  cost
                  and toward measuring value for the ultimate customer. Value is more difficult to measure,
                  because it requires information from external participants, but measuring it produces
                  results that better align with objectives.

               
               
               
               Often a selection of metrics tailored to the specific
                  logistics network is what is needed. Many organizations turn to models or standards
                  for
                  metrics (such as the SCOR DS model) to help them determine a comprehensive set of
                  measures,
                  and they then narrow these down to those measures of highest importance to their success.
                  Good logistics metrics and their target goals can be prioritized (according to logistics
                  strategy) in three basic areas:

               
               
               
               
                  
                  
                  	
                     
                     
                     Utilization

                     
                     

                  
                  
                  
                  	
                     
                     
                     Productivity

                     
                     

                  
                  
                  
                  	
                     
                     
                     Performance results

                     
                     

                  
                  

               
               
               
               For example, inventory turnover and cash-to-cash cycle
                  time might be two of several metrics to promote ordering in appropriate quantities.
                  They
                  would then be balanced with other metrics such as on-time delivery, purchase price,
                  and
                  total cost, resulting in a well-rounded incentive system.

               
               
               
               Good metrics should also be objective to avoid bias, with
                  the majority being quantitative. There should be agreement on how to measure metrics
                  and
                  what inputs and outputs to use. Understanding is aided when metrics are clearly defined
                  and
                  self-explanatory. Sticking to standard, defined methods will allow historical results
                  to be
                  benchmarked over time. When inputs are clearly related to the outputs, managers can
                  analyze
                  why a given metric was off target, such as whether it was due to late deliveries or
                  a
                  picking backlog. Any tradeoffs that are being accepted should be defined so participants
                  understand what is not being prioritized by the system. Persons or organizations who
                  are
                  being assessed by the metrics should clearly understand what those metrics are and
                  be given
                  a chance to have input into their selection. Being included in metric and target selection
                  helps gain buy-in and encourages people to work harder toward the goals, especially
                  if the
                  goals are realistic but challenging. Finally, whenever possible, persons should be
                  judged
                  only on metrics that they can actually influence.

               
               

            
            

         
         
         
         
            
            
            Setting Performance Targets

            
            
            
            
               
               
               Performance targets are set both to facilitate measurement of
                  performance and to encourage continuous improvement. Therefore, targets should be
                  realistic
                  but moderately ambitious.

               
               
               
               Performance targets are set to equal or exceed a standard (“an established norm against which measurements are
                  compared,” as partially defined in the ASCM Supply Chain
                     Dictionary) or a benchmark.

               
               
               
               In Distribution Planning
                     and Control, Ross lists four possible sources for standards:

               
               
               
               
                  
                  
                  	
                     
                     
                     Historical standards are developed from one’s own records. For example, the
                        following standard multiplies total capacity (space or hours) by the resource efficiency
                        and the resource utilization.

                     
                     
                     
                     
                        
[image: ../images/1e-1_3_-_setting_performance_targets_01_id179IEI0035Z_mathml_8_width_1251.png]

                        

                     
                     
                     
                     This is a straightforward
                        method, as long as records are accessible and accurate. One can compile warehouse
                        data,
                        for example, over the past 10 years and average the data to create standard efficiency
                        or productivity indices. The drawback to historical standards is that this baseline
                        does
                        not describe the level of performance. The standard may, in fact, be a rather poor
                        level
                        of performance.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Predetermined or public standards are published by third parties, such as
                        government agencies or professional associations. Some analysis of activities may
                        be
                        required to align practices and data with the methodology and units used by the third
                        party. These standards do, however, represent a higher level of performance.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Work sampling involves developing one’s own standards using close analysis of the
                        task requirements. For example, to determine the unit of time needed to pick a single
                        line item, observers could measure many samples of the action and adjust these for
                        individual performance as needed (e.g., to account for differences in
                        experience).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Regression analysis applies different variables to a task to see their effect on
                        time or cost. For example, a standard for shelving product can be developed by analyzing
                        the effect of package type, weight, volume, or shelving location.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Measuring and Analyzing Performance

            
            
            
            
               
               
               The validity of performance data and the value of data analysis are
                  improved by standardizing the timing of the collection of data, the conditions under
                  which
                  the data are collected, and the tools used to gather the data.

               
               
               
               
                  
                  Timing

                  
                  
                  If possible, performance should be measured at the same
                     time points. For example, measures such as picking rates or order/shelving accuracy
                     should
                     not vary by the time of day or the day of the week.

                  
               
               
               
               
                  
                  Conditions

                  
                  
                  When possible, activities should be measured under
                     similar conditions. For example, a receiving team’s efficiency should be measured
                     for
                     shipments comparable in difficulty of handling. The cleanliness of warehouse space
                     should
                     not be measured after an inventory count in one period and then, in the next period,
                     during a particularly high-volume receiving/shipping time.

                  
               
               
               
               
                  
                  Tools

                  
                  
                  To improve the validity and reliability of
                     measurement data, companies use tools to guide observation. These guides ensure that
                     the
                     raters are asking the same questions, interpreting what they see or hear in the same
                     way,
                     and giving the data the same weight. In this way, the tools produce similar data that
                     can
                     be aggregated and analyzed. There are a number of general types of tools used in measuring
                     performance. These include audit checklists, balanced scorecards, and dashboards.

                  
                  
                  
                     
                     	
                        
                        Audit checklists. The ASCM Supply Chain Dictionary defines an audit simply as “an objective comparison of actions to
                           policies and plans.” Checklists allow a rater to examine very specific metrics and
                           indicate their presence or absence or the degree of performance (e.g., superior, good,
                           average, weak, needs immediate improvement). They include areas for comments and
                           recommendations.

                        
                        
                        Items may be assigned a numerical value so that results can be
                           analyzed—for example, “superior” may be given 5 points, “good” 4 points, and so on.
                           An
                           item or group of items may also have a weighting factor that reflects the relative
                           importance of the metrics. Usually the weighting is aligned with strategic objectives,
                           such as resource efficiency, customer service, or contingency planning. The numerical
                           value of the score is multiplied by the factor to provide a weighted score.

                        
                        
                        The checklist guides assessment but also documents
                           the results. For example, a previous checklist may be reviewed before the next
                           assessment to identify changes that were recommended and to see if those changes have
                           in fact been made.

                        
                        
                        On a smaller scale,
                           logistics audits can be done at the organization’s distribution centers or depots
                           to
                           identify areas for cost savings or reductions in labor. The findings from the audit
                           can then be translated into facility-specific best practices and possibly later
                           integrated into organizationwide best practices, if appropriate.

                        

                     
                     
                     	
                        
                        Balanced scorecards. The ASCM Supply Chain Dictionary defines the balanced scorecard as

                        
                        
                        
                           
                           a list of financial
                              and operational measurements used to evaluate organizational or supply chain
                              performance. The dimensions of the balanced scorecard might include customer
                              perspective, business process perspective, financial perspective, and innovation and
                              learning perspectives. It formally connects overall objectives, strategies, and
                              measurements. Each dimension has goals and measurements.

                           

                        
                        
                        A balanced scorecard is essentially a checklist that is
                           organized according to multiple perspectives, as described in the definition. Business
                           leaders, sales managers, and others need to confirm that customer service objectives
                           are being met. Operational managers need to know about throughput, efficiency, and
                           utilization to plan capacity and processes. Financial managers need data to perform
                           financial analysis to ensure plans are sufficiently profitable and meet cash flow
                           goals. They also need data to report to regulatory agencies, investors, and lenders.
                           Business leaders, change champions, and internal training managers need to know how
                           logistics is innovating and training staff to support the company’s future business
                           plans and the relative success of such initiatives. For example, is the vehicle
                           routing information being improved to allow higher volume or better order
                           tracking?

                        
                        
                        Organizations can also produce their
                           own custom scorecards.

                        

                     
                     
                     	
                        
                        Dashboards. Some firms prefer to use dashboards for at-a-glance, real-time
                           performance information. According to the ASCM Supply
                              Chain Dictionary, a dashboard is

                        
                        
                        
                           
                           an easy-to-read management
                              tool similar to an automobile’s dashboard designed to address a wide range of
                              business objectives by combining business intelligence and data integration
                              infrastructure.

                           

                        
                        
                        Dashboards help
                           logistics professionals quickly assess where problems may arise that involve their
                           internal operations, contractors, and/or carriers. Dashboards can also show progress
                           against benchmark standards or goals.

                        

                     

                  
               
               

            
            

         
         
   
      
         
         
         
         Set Key Performance Indicators
            (KPIs)

         
         
         
         
            
            
            Organizations
               use key performance indicators to monitor performance toward specific
               goals and objectives. KPIs may be provided by supply chain partners,
               for example, retail compliance KPIs.

            
            

         
         
         
         
         
            
            
            Key Performance Indicators, KPI Trees, and
               Integrated Measurement Models

            
            
            
            
               
               
               Here we define key performance indicators (KPIs) and KPI trees. One way to organize
                  your KPIs and KPI trees and ensure a consistent strategy is to use an integrated
                  measurement model.

               
               
               
               
                  
                  KPIs and KPI Trees

                  
                  
                  
                  
                  The
                     ASCM Supply Chain Dictionary defines a
                     key performance indicator (KPI) as

                  
                  
                  
                  
                     
                     1) A financial or nonfinancial measure that
                        is used to define and assess progress toward specific organizational goals
                        and that typically is tied to an organization’s strategy and business
                        stakeholders. A KPI should not be contradictory to other departmental or
                        strategic business unit performance measures. 2) A metric used to measure
                        the overall performance or state of affairs. SCOR level 1 metrics are
                        considered KPIs.

                     

                  
                  
                  
                  A good KPI will measure just what is important
                     to the organization and its strategy. Adding too many metrics is a
                     distraction.

                  
                  
                  
                  KPIs specify the level to which goals,
                     expectations, and agreements established between the buyer (like logistics) and
                     the supplier are being met. Ongoing metrics posted internally or on an intranet
                     enable both parties to quickly and easily see how things are going at any point
                     in time and to compare results to those of previous time periods.

                  
                  
                  
                  KPIs tend to fall into three types: leading
                     indicators, lagging indicators, and diagnostic metrics.

                  
                  
                  
                  
                     
                     	
                        
                        
                        A leading indicator focuses on
                           activities that will create future performance. For example, completion
                           of routine maintenance on equipment in quarter 1 is related to equipment
                           performance in quarter 2. Presumably, if preventive maintenance is
                           performed, there will be less downtime due to equipment failure.

                        
                        

                     
                     
                     	
                        
                        
                        A lagging indicator gauges levels of
                           past performance like transportation costs, quality errors, or on-time
                           or late deliveries. For example, a picking accuracy of 95 percent in
                           quarter 1 simply describes picking performance in that quarter. It does
                           not indicate that performance will be better or worse in quarter 2.

                        
                        

                     
                     
                     	
                        
                        
                        Diagnostic metrics reflect the overall
                           health and financial position of the organization.

                        
                        

                     

                  
                  
                  
                  The metrics used in a performance management
                     system should include a balance of these different types. 

                  
                  
                  
                  Integrated measurement models use a KPI tree. A KPI tree
                     is a series of KPIs that are linked and become more specific at lower levels but
                     can be aggregated to provide summary information at higher levels. These logical
                     frameworks allow drilling down to root causes. Using a KPI tree is essential
                     because it helps show how each metric contributes to shareholder value. KPI
                     trees are one aspect included in the larger concept of an integrated measurement
                     model.

                  
                  
               
               
               
               
                  
                  Integrated Measurement
                     Model

                  
                  An integrated measurement model is a
                     comprehensive framework that combines various measurement methods and data
                     sources to provide a holistic view of a complex system so the organization can
                     make data-driven decisions. Integrated measurement models incorporate KPI trees.
                     However, integrated measurement models go beyond traditional performance
                     measurement methods in that these models integrate different perspectives and
                     capture interrelationships between various factors. An integrated measurement
                     model can help ensure that strategic goals are carried down into the strategies
                     and tactics of the organization. 

                  
                  
                  
                  Exhibit 9-9 shows an example of an integrated measurement model.
                     Note how it starts with the goals of organizational strategy. Strategy directs
                     all of the remaining priorities for each part of the organization. These
                     priorities are used to determine what is important to measure and what targets
                     are important to achieve if the overall strategy is to succeed.

                  
                  
                  
                     Exhibit 9-9: Example of an Integrated Measurement Model[image: A diamond-shaped diagram showing the alignment of strategic goals at different organizational levels. Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  The model illustrates the way in which the organization’s
                     performance at all levels—from strategic to operational (the work
                     environment)—is aligned through performance objectives. Each part of the
                     organization needs to link back to the organization’s strategy, or that strategy
                     will fail to be realized. Here are some possible uses of an integrated
                     measurement model:

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Overall performance:
                              
                           KPIs
                              can be aggregated to top level metrics to indicate the overall
                              health and performance of the organization.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Customer satisfaction:
                              
                           Various
                              indicators of customer satisfaction and loyalty can be compiled and
                              interpreted.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Employee engagement:
                              
                           Various
                              indicators of employee satisfaction and engagement can be compiled
                              and interpreted.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Sustainability:
                              
                           The
                              social and environmental impact of the organization can be measured
                              and used for reporting.
                           

                        
                        

                     

                  
                  
                  Let’s walk through
                     how the performance objectives cascade down the
                     levels.

                  
                  
                  Organizational performance
                     objectives might be, for example, a revenue target
                     (in the aggregate and for individual
                     product/service families), a percentage share of
                     the market, or successful entry into a new line of
                     business or a geographical region.

                  
                  
                  The
                     overall strategy is specialized at the divisional
                     or business unit level. Objectives at this level
                     need to balance various priorities, so four
                     perspectives akin to those of Kaplan and Norton’s
                     balanced scorecard are shown here.

                  
                  
                  These
                     strategic and divisional objectives drive the
                     creation of functional objectives. By aligning
                     their performance objectives with the overall
                     objectives, the organization’s functions can
                     perform as a team rather than working at cross
                     purposes.

                  
                  
                  The functional area and operations strategies are set by
                     prioritizing high-level performance objectives, for example, using SCOR DS
                     performance attributes. The generic ways to categorize priorities are:

                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Speed.
                              
                           Speed
                              includes time to market (e.g., fast research and
                              development), short lead times, high throughput,
                              and/or fast delivery.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Dependability.
                              
                           Dependability includes promise fulfillment
                              (promised delivery time, promised volume), on-time
                              delivery (neither early nor late), and/or products
                              that can take a certain level of wear and
                              tear.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Flexibility.
                              
                           Flexibility is the ability to ramp up or down in
                              volume quickly or change what is being produced
                              without significant financial penalty. Flexibility
                              has two dimensions: volume/mix and agility.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Quality.
                              
                           Quality is
                              fitness for use. Quality can be described by
                              specifications (attributes of the product or
                              service) or by the compliance of the product or
                              service with specifications.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Cost.
                              
                           Cost is
                              the ability to provide goods at the lowest price
                              versus the competition.
                           

                        
                        

                     

                  
                  
                  Operations will settle on a mix of priorities
                     that promote the overall strategy, and these will
                     in turn guide selection of detailed goals and
                     performance measures at lower and lower levels.
                     One way to ensure that metrics link back to
                     higher-level goals is to select just a few
                     critical metrics that can be proven to directly
                     link back to strategy. These will become the
                     organization’s KPIs.

                  
                  
                  At the individual
                     level, each person will need their own set of metrics to which they will be held
                     accountable and that align with the higher levels of the model. These should be
                     SMART: specific in terms of desired outcomes, measurable, attainable, relevant,
                     and time-bound. Specific and measurable goals are objective. (Vague or
                     unmeasurable goals fail to define success.) Attainable goals avoid demoralizing
                     people. Goals must be relevant; irrelevant goals distract users from strategic
                     priorities (thus the need for a limited set of KPIs). Time-bound goals are not
                     open-ended but need to be achieved during the time horizon, such as during the
                     three-year strategic plan.

                  
               
               

            
            

         
         
         
         
            
            
            Retail Compliance KPIs

            
            
            
            
               
               
               A supply chain partner may give an organization metrics to use,
                  and these are then included in the organization’s KPIs. A key example of this is retail
                  compliance
                  metrics, which have arisen in part due to the stiff competition from online sales
                  that require
                  retailers to operate with very thin profit margins. Retail compliance KPIs can include
                  many things,
                  for example, advance ship notices (ASNs) being filed correctly and on time; correct
                  retailer-specific labeling, label placement on box, and packing slip formats; barcodes
                  properly
                  traced and tracked; correct pallet type; correct assortment per master carton; or
                  electronic data
                  interchange (EDI) purchase orders being in the correct format, complete, and receipts
                  being
                  acknowledged within the required window. Often each individual violation can result
                  in a separate
                  chargeback.

               
               
               
               There are also whole-order metrics like on-time in full
                  (OTIF) or must-arrive-by date (MABD). There are usually financial penalties for
                  failing to meet these requirements a sufficient percentage of the time.

               
               
               
               If these targets are
                  not being achieved often enough, senior management will need to have
                  strategic-level discussions regarding whether and how to achieve
                  compliance. Key questions to ask include:

               
               
               
               
                  
                  
                  	
                     
                     
                     What information is
                        needed from the retailer, and how can we better partner with the
                        retailer to get better data or get data sooner (i.e., to provide
                        more lead time)?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Is
                        the supply chain integrated and aligned well enough to achieve these
                        goals? If not, what changes in processes, technologies, or communications
                        do we and our partners need to make to improve collaboration?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Is the cost of extra inventory being pushed back to earlier
                        supply chain partners such as for just-in-time availability? If so, can we charge
                        more for this
                        added value?

                     
                     

                  
                  
                  
                  	
                     
                     
                     What
                        do the carrier selection and monitoring and controlling processes
                        look like, and does this result in use of carriers who have good
                        enough performance?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Are
                        the operations of suppliers capable of fulfilling the required demand
                        so that order fill rates can be acceptable?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Is
                        compliance being required for retail deliveries only or also for
                        drop ships directly to customers? Does this include customizing
                        boxes or labels to reflect the retailer?

                     
                     

                  
                  
                  
                  	
                     
                     
                     How
                        does the cost of accepting the penalty at the given rate of occurrence compare
                        to the cost of any necessary reengineering and/or continuous improvement
                        efforts that would be needed to achieve compliance?

                     
                     

                  
                  

               
               
               
               It is important to
                  understand that the changes needed to get a supply chain into compliance
                  can be highly disruptive, and individuals involved may resist the
                  changes and want to maintain the status quo. Organizations will
                  need to invest in change management to ingrain the changes in the
                  culture. Providing opportunities for individuals to get involved
                  in planning helps with buy-in. Leaders will need to inspire staff
                  with a compelling vision of the desired end result and its benefits.
                  Incentives and penalties for third parties, teams, and individuals
                  may need to be implemented to ensure accountability.

               
               
               
               A best practice for
                  improving a complex system is to include all affected parties in
                  a problem-solving team. The group will have expertise in multiple
                  areas, and everyone can come to agreement on a cohesive plan. Some
                  supply chain partners may already have solutions to a given problem,
                  and this can be leveraged. Such teams should have regular meetings
                  to sustain prior changes and suggest new ones.

               
               
               
               When determining what
                  changes will result in the biggest impact, it is important to always
                  make decisions that are supported by measurement, data, and analysis.
                  This may include verifying that

               
               
               
               
                  
                  
                  	
                     
                     
                     Forecast error rates
                        are acceptable, generating internal scorecards to enable self-correction
                        as well as independent verification of one’s own errors.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Safety stock, replenishment levels, and delivery
                        frequencies per location are being set based on sound methodologies and are
                        data-driven.

                     
                     

                  
                  

               
               
               
               While the costs versus
                  the benefits of any changes need to be assessed prior to making large
                  investments, in general the penalties for noncompliance cut so deeply
                  into profit margins that every reasonable effort needs to be made
                  to ensure compliance or at least reduce the risk of noncompliance.
                  Even if an organization decides to include some funds in its budget
                  to cover some amount of failures, if failures become too frequent
                  or severe, the risk of losing the business entirely will grow over
                  time. An important mindset to take is that investing in improvements
                  will make the organization more efficient (and profitable) in general.

               
               
               
               There are a number
                  of changes that can be made that will not have a huge cost to implement.
                  First and foremost, learn the retailer’s rules of trade and ensure
                  that suppliers, carriers, and logistics professionals know each
                  retailer’s compliance rules very thoroughly. Retailers often have
                  support hotlines to help, and vendor compliance workshops are another
                  option. Once these rules are known, program them into warehouse
                  management systems, order management systems, written procedures, and
                  so on whenever possible so that they become part of the regular
                  process. For example, incorporating labeling, assortment handling,
                  and master carton packing into DC put-away processes will reduce
                  the steps required during picking (such as break-bulk and reconstructing
                  retailer-specific orders) and reduce chances for errors when time
                  is of the essence. Regular communications with retailers is also
                  important, both to show commitment and to create plans for improvement.

               
               

            
            

         
         
   
      
         
         
         
         Consider SCOR DS and Digital
            Capabilities Models

         
         
         
         
            
            
            The SCOR DS model was developed to help organizations measure and
               improve logistics costs across the breadth of their operations. The Digital Capabilities
               Model for Supply Networks helps organizations determine the capabilities they need
               to
               improve their logistics and supply chain maturity.

            
            

         
         
         
         
         
            
            
            SCOR DS Road Map

            
            
            
            
               
               
               The Supply Chain Operations Reference Model (SCOR) has been in use by
                  a wide range of organizations since its introduction in 1996. In 2022, SCOR received
                  a major
                  consensus-driven update to represent a wider range of organizations and is now an
                  ASCM
                  standard called the SCOR Digital Standard (SCOR DS). The ultimate purpose of SCOR
                  DS is to
                  design supply chains that focus on satisfying customer demand. A model such as SCOR
                  DS and
                  its integrated measurement model is essential for making sense out of a complex supply
                  chain. This model uses a KPI tree format to organize its metrics in a hierarchy.

               
               
               
               Anyone who has registered on www.ascm.org can access
                  this model for free. There is also a SCOR DS application (app) that can be downloaded.

               
               
               
               Exhibit 9-10 shows how SCOR DS uses a symbol of two infinity loops to describe the
                  underlying processes that make up a supply chain.

               
               
               
               
                  
                  
                  	
                     
                     
                     Orchestrate—enabling a supply chain
                        strategy by internally and externally integrating processes as well as through business
                        rules, continuous improvement, data and technology, people skills, network design,
                        compliance, and sustainability

                     
                     

                  
                  
                  
                  	
                     
                     
                     Plan—creating plans for order, source,
                        transform, fulfill, and return to operate the supply chain; balancing requirements
                        and
                        resources; determining capability gaps; and identifying actions to correct gaps

                     
                     

                  
                  
                  
                  	
                     
                     
                     Source—procuring, ordering, and scheduling
                        the ordering, delivery, receipt, and transfer of products/services in a way that meets
                        market demand and quality expectations

                     
                     

                  
                  
                  
                  	
                     
                     
                     Transform—creating products (including
                        production, assembly, disassembly, or MRO) and services to meet customer demand

                     
                     

                  
                  
                  
                  	
                     
                     
                     Order—managing customer purchase
                        attributes including locations, payment methods, fulfillment status, or visibility

                     
                     

                  
                  
                  
                  	
                     
                     
                     Fulfill—fulfilling customer orders by
                        scheduling order delivery, picking, packing, shipping, installing, commissioning,
                        and
                        invoicing processes

                     
                     

                  
                  
                  
                  	
                     
                     
                     Return—diagnosing, evaluating entitlement
                        of, and determining disposition of approved returned goods from suppliers, distributors,
                        or customers

                     
                     

                  
                  

               
               
               
               
                  Exhibit 9-10: SCOR DS Processes[image: This diagram represents a supply chain orchestration model. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Note that these are processes rather than functions,
                  meaning that the functional areas or persons performing the activity are kept generic.

               
               
               
               The concept of a linear supply chain is useful in
                  showing how there are various tiers of suppliers, manufacturers, service providers,
                  distribution centers, retailers, etc., that may be part of a given supply chain. However,
                  a
                  linear supply chain is a limiting concept. Even the term “supply chain” implies a
                  linear
                  flow, and many experts prefer the term “supply network.” The infinity loops shown
                  in the
                  SCOR DS process graphic instead imply that a supply chain is actually a never-ending
                  flow of
                  processes that have no artificial beginnings or endings.

               
               
               
               The SCOR DS model creates a structure for supply chain communications
                  within your organization, upstream to your suppliers and their suppliers and downstream
                  to
                  your customers and their customers. Every party in the supply chain will have its
                  own set of
                  these processes. A buyer’s “source” will be seen as “order” by the supplier. Exhibit 9-11 shows how
                  SCOR DS helps create end-to-end visibility and reinforces the concept of a network
                  of
                  never-ending processes.

               
               
               
               
                  Exhibit 9-11: SCOR DS: A Series of Never-ending Processes[image: A supply chain continuum, highlighting the interconnectedness and flow from a customer’s customer to a supplier’s supplier. The diagram consists of interlinked loops, each labeled to represent different entities within the supply chain. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               SCOR DS can help transform a supply chain from a
                  linear supply chain into an orchestrated supply chain. Orchestration helps the various
                  tiers
                  of supply chain partners create an effective supply chain by helping to align related
                  process improvements so the organizations can develop compatible processes, metrics,
                  practices, people skills, and technologies. Note how the model is always centered
                  on “your
                  organization” so that you focus on at least two levels out from yourself in each direction
                  (e.g., one of your upstream suppliers will have its own tiers of suppliers and customers
                  and
                  so will place itself in the center of the graphic since it is also a manufacturer
                  in its own
                  right).

               
               
               
               This process framework can be used for business
                  process improvement (to capture the as-is and to-be states), performance benchmarking,
                  best
                  practice analysis (practices and technologies that result in significantly better
                  performance and help organizations start out at least even with competitors), and
                  organizational design (assessing skills and staffing needs and aligning this information
                  to
                  internal targets).

               
               
               
               Exhibit 9-12 shows how SCOR DS has levels 0
                  through 4 in its process model. Level 0 is orchestrate. The other six major processes
                  are at
                  level 1 of the hierarchy. Levels 2 and 3 are defined in the model, but level 4 is
                  not.
                  Organizations define this level, and possibly even lower levels, using industry-,
                  organization-, and location-specific processes.

               
               
               
               
                  Exhibit 9-12: SCOR DS Hierarchical Process Model with Levels 0–4[image: A diagram showing the SCOR DS Hierarchical Process Model with Levels 0–4. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               SCOR DS has four major sections that are all
                  interrelated to help define the overall processes in a way that aligns with key business
                  functions and goals. These are:

               
               
               
               
                  
                  
                  	
                     
                     
                     Performance. Performance attributes are
                        characteristics, such as reliability or responsiveness, that are used to describe
                        a
                        supply chain strategy. Relative to competitors or other benchmark organizations,
                        organizations select attributes to be at superior or advantage performance in priority
                        areas and set lower-priority attributes at equivalent (i.e., parity) performance.

                     
                     
                     
                     Performance metrics help translate business
                        strategy into supply chain strategy, benchmark against similar supply chains or internal
                        targets, and identify and monitor processes that are the likely cause of performance
                        gaps. Each performance attribute has one or more defined performance metrics at levels
                        1
                        through 3 in a key performance indicator (KPI) tree. A KPI tree is a hierarchy of
                        KPIs
                        where each lower-level metric serves as a diagnostic for the higher-level metric.
                        Strategic-level KPIs are often aggregated from more specific tactical- or
                        operational-level related metrics so that tactics and operations tie back to strategic
                        priorities in a measurable way. The metric set as a whole can then measure the ability
                        of processes to achieve the strategic objectives of the prioritized performance
                        attributes. Organizations adapt SCOR DS metrics as needed to allow them to be calculated
                        using the data that are actually available in their databases (or will be after they
                        make improvements).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Processes. Processes are standard descriptions of
                        management processes and relationships (see Exhibit 9-12). Processes help capture the
                        consensus view of the as-is (i.e., what we do and how we do it), the what-if (i.e.,
                        scenarios), and the to-be (i.e., what will we do, where and how will we do it) states
                        of
                        processes. Each level of additional hierarchy helps show how individual processes
                        are
                        configured to enable them to be executed. Mapping a process helps focus on its inputs
                        and outputs and its requirements related to skills, performance, capabilities, and
                        best
                        practices. SCOR DS features sample process maps that can be modified as needed. For
                        example, the workflow for the process P1.1 Capture External Market Signals is shown
                        in
                        Exhibit 9-13.
                        Note how the process has one or more input processes (OE1.3 here) and one or more
                        output
                        processes (P1.2 here). Also shown are workflow elements such as market data or market
                        insights.

                     
                     
                     
                     
                        Exhibit 9-13: SCOR DS Features Sample Workflow Processes[image: This image depicts a sample workflow process from the SCOR DS model. Go to long description for more details.]
                     
                        Go to long description.
                        

                     
                     
                     
                     
                     While levels 1, 2, and 3 are industry-neutral (i.e.,
                        applicable to any industry), level 4 or any lower levels are left for the organization
                        to develop or select themselves. These may be based on selected improvement
                        tools/activities, standard operating procedures (SOPs), work instructions (WI), or
                        other
                        industry-specific methods or tools. The process of linking these organization-specific
                        levels to the SCOR DS process hierarchy allows organizations to make their alignment
                        to
                        strategy explicit and measurable.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Practices. Practices are a unique way to configure a
                        process or set of processes based on special skills, automation, software, process
                        sequence, or process integration. Practices that the organization believes will result
                        in significantly better process performance can be added to wish lists or be considered
                        when conducting analysis of alternatives. Other practices might be blacklisted. All
                        practices are now called best practices (single category); organizations decide whether
                        or not a practice is valuable. After narrowing down to viable alternatives (applies
                        to
                        industry and business), the organization may select some low effort/high return
                        practices because they are quick wins but also some high effort/high return elements
                        to
                        enable their strategy. Organizations can also benchmark practices or work to expand
                        some
                        practices to the entire organization. Practices are categorized by these pillars:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Analytics and
                              technology (e.g., BP.049 Lean Planning)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Process (e.g., BP.009
                              Kanban)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Organization (e.g.,
                              BP.160 Lean)

                           
                           

                        
                        

                     
                     
                     
                     Note that SCOR DS is designed to enable a
                        supply chain digital transformation. SCOR DS includes many practices that might be
                        described as emerging, including blockchain, internet of things, augmented reality,
                        robotic process automation, artificial intelligence, big data analytics, should-cost
                        modeling, predictive analytics, digital twin, smart contracts, advanced data
                        visualization and visibility, real-time location systems, autonomous delivery, stock
                        taking via drones, dynamic inventory management, quick-response codes, mobile
                        distribution centers, machine learning, dynamic routing, virtual reality, and
                        multi-enterprise business networks. These practices are linked to specific supply
                        chain
                        processes. For example, for planning the fulfill process, there are practices such
                        as
                        cross-docking, vendor-managed inventory, or machine learning that could be considered.
                        These practices help show where to leverage each technology.

                     
                     
                     
                     Another way that SCOR DS helps to create an intelligent supply chain
                        is by linking to a new model called the Digital Capabilities Model for Supply Networks.
                        This model is discussed in its own area.

                     
                     

                  
                  
                  
                  	
                     
                     
                     People. This area helps align staff and staffing needs
                        to internal targets by providing standard skill definitions, experiences, and training
                        as well as standardized skill maturity levels to assess skills and performance needs.
                        Organizations define the needed skill level of a role as they see fit. Competency
                        levels
                        are defined as follows:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Novice—new to the field
                              or activity, task-oriented, and needs standard/written procedures.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Beginner—has not
                              mastered work skills, is task-oriented, and has limited “situational
                              perception.”

                           
                           

                        
                        
                        
                        	
                           
                           
                           Competent—goal-oriented
                              and has enough skill to do tasks and set priorities but is still task-oriented;
                              needs an analytical system for decision making.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Proficient—sees the
                              holistic situation and uses it to set priorities and act from personal knowledge and
                              conviction; decision making is now intuitive but problem recognition still requires
                              measuring rather than intuition.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Expert—intuitive
                              understanding of the situation and what is possible, able to highlight key points
                              or
                              extend related experience to master new situations; both decision making and problem
                              recognition are intuitive.

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               Note that SCOR DS was developed and continues to be
                  improved using a consensus-based process that brings together diverse manufacturers,
                  distributors, and retailers as well as academic and government contributors.

               
               
               
               
                  SCOR DS does apply to the
                     following activities:
                  

               
               
               
               
                  
                  
                  	
                     
                     
                     All customer interactions
                        from order entry through paid invoice

                     
                     

                  
                  
                  
                  	
                     
                     
                     All product transactions
                        (defined as physical materials and services), including equipment, spare parts, bulk
                        product, and software, among others

                     
                     

                  
                  
                  
                  	
                     
                     
                     All market interactions from
                        understanding aggregate demand through order fulfillment

                     
                     

                  
                  

               
               
               
               
                  SCOR DS does not apply to
                     the following processes:
                  

               
               
               
               
                  
                  
                  	
                     
                     
                     Sales and marketing (defined
                        as demand generation)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Research and technology
                        development

                     
                     

                  
                  
                  
                  	
                     
                     
                     Product development

                     
                     

                  
                  
                  
                  	
                     
                     
                     Some elements of
                        post-delivery customer support (but it does include returns as a fundamental
                        process)

                     
                     

                  
                  

               
               
               
               The SCOR DS model assumes that the product has already
                  been designed and tested for production. However, the design of a product may significantly
                  influence the functioning of the chain, so supply chain representatives should play
                  a role
                  in the design process.

               
               
               
               To learn more about SCOR DS in general, start with
                  the SCOR DS website (www.scor.ascm.org). Take the “Free SCOR Course” online tutorial
                  and
                  read the “Introduction to SCOR” document. Then, become even more familiar by navigating
                  through the site, starting with the Performance area.

               
               

            
            

         
         
         
         
            
            
            Supply Chain Performance and the SCOR DS Model

            
            
            
            
               
               
               A performance measurement model can be extended to the entire
                  supply chain. Strategies can be set by mutual agreement of all supply chain partners,
                  who
                  then set their individual strategies and tactics to work toward this shared goal.
                  In
                  addition, KPIs can be rolled up to show total supply chain costs, total inventory
                  in the
                  network, total lead time, and so on. These metrics become available only if each supply
                  chain partner agrees to share its summary costs and other metrics. The benefit can
                  be a
                  faster, cheaper, more efficient network that benefits each participant as well as
                  the
                  ultimate customer.

               
               
               
               How do we measure performance when supply
                  chain performance depends on many partners throughout the process? One way to do this
                  is to
                  develop a common language and set of metrics to help all parties agree on the KPIs
                  that
                  should be measured across the supply chain, as ASCM did with the SCOR Digital Standard
                  (SCOR
                  DS). The ASCM Supply Chain Dictionary defines the Supply Chain Operations Reference (SCOR) model in part as
                  follows:

               
               
               
               
                  
                  The standard cross-industry
                     diagnostic tool for supply chain management. The SCOR model describes the business
                     activities associated with satisfying a customer’s demand, which include plan, source,
                     make, deliver, return, and enable. Use of the model includes analyzing the current
                     state
                     of a company’s processes and goals, quantifying operational performance, and comparing
                     company performance to benchmark data. SCOR has developed a set of metrics for supply
                     chain performance, and ASCM members have formed industry groups to collect best practices
                     information that companies can use to evaluate their supply chain performance.

                  

               
               
               
               Note that the updated SCOR DS processes are
                  orchestrate, plan, source, transform, order, fulfill, and return, but the ASCM Supply Chain Dictionary update for this revision is
                  forthcoming.

               
               
               
               SCOR DS has been used by manufacturers around the
                  world to identify—and adhere to—mission-critical supply chain metrics. Once an
                  organization’s metrics have been calculated, they are compared against internal standards
                  and possibly industry or best-in-class benchmark data. An organization uses the results
                  to
                  drive performance improvements. Let’s take a look at how SCOR DS can be used to set
                  a supply
                  chain strategy and select a complimentary, balanced, and integrated set of metrics
                  to enact
                  that strategy.

               
               
               
               
                  
                  SCOR DS
                     Performance Attributes and Supply Chain Strategy

                  
                  
                  SCOR DS includes a
                     performance section that features a set of performance attributes and metrics in addition
                     to its other sections on processes, practices, and people maturity. SCOR DS performance
                     attributes are “strategic characteristics of supply chain performance used to prioritize
                     and align the supply chain’s performance with the business strategy.” Performance
                     attributes are grouped into three categories—resilience, economic, and sustainability—as
                     shown in Exhibit 9-14. Note that performance attributes are not metrics themselves but
                     that one or more top-level metrics are tied to each attribute. Definitions are quoted
                     from
                     SCOR DS.

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 9-14: SCOR DS Performance Attributes for Building a Supply Chain Strategy
                           
                           
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Category

                                    
                                 
                                 
                                 	
                                    
                                    Performance
                                       Attribute

                                    
                                 
                                 
                                 	
                                    
                                    Definition

                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Resilience

                                    
                                 
                                 
                                 	
                                    
                                    Reliability
                                       (RL)

                                    
                                 
                                 
                                 	
                                    
                                    “The ability to
                                       perform tasks as expected. Reliability focuses on the predictability of the
                                       outcome of a process. Typical metrics for the Reliability attribute include
                                       delivering a product on time, in the right quantity, and at the right quality
                                       level.”

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Responsiveness
                                       (RS)

                                    
                                 
                                 
                                 	
                                    
                                    “The speed at
                                       which tasks are performed and the speed at which a supply chain provides
                                       products to the customer. Examples include cycle-time metrics.”

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Agility
                                       (AG)

                                    
                                 
                                 
                                 	
                                    
                                    “The ability to
                                       respond to external influences and marketplace changes to gain or maintain a
                                       competitive advantage.”

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Economic

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Costs (CO)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    “The cost of operating the supply chain processes. This
                                       includes labor costs, material costs, and management and transportation
                                       costs.”

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Profit
                                       (PR)

                                    
                                 
                                 
                                 	
                                    
                                    “The Profit
                                       attribute describes the financial benefit realized when the revenue generated
                                       from the business activity exceeds the expenses, costs, and taxes involved in
                                       sustaining the activity.”

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Assets
                                       (AM)

                                    
                                 
                                 
                                 	
                                    
                                    “The ability to
                                       efficiently utilize assets. Assets’ strategies in a supply chain include
                                       inventory reduction and insourcing rather than outsourcing.”

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Sustainability

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Environmental (EV)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    “The Environmental attribute describes the ability to
                                       operate the supply chain with minimal environmental impact, including
                                       materials, water, and energy.”

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Social
                                       (SC)

                                    
                                 
                                 
                                 	
                                    
                                    “The Social
                                       attribute describes the ability to operate the supply chain aligned with the
                                       organization’s social values, including diversity and inclusion, and training
                                       metrics.”

                                    
                                 

                              
                           

                        

                     
                     
                     Source: SCOR
                           DS. Used with permission.

                     

                  
                  An
                     organization can use these performance attributes to set a strategy for a specific
                     supply
                     chain. Typically, a supply chain strategy can only work to be superior (often defined
                     as
                     performing better than 90 percent of competitors) in one attribute, work toward advantage
                     (better than 70 percent of competitors) in two or possibly three attributes, and the
                     remaining attributes need to be set at parity (better than 50 percent of
                     competitors).

                  
                  
                  For example, for a supply chain
                     that focuses on reliable repackaging and delivery of low-margin products to retail
                     stores,
                     market analysis could show that customer and internal profitability requirements point
                     to
                     making the assets attribute be set at superior due to the low margins. The same supply
                     chain might set reliability, cost, and social at advantage (for various reasons) and
                     set
                     the other attributes at parity (lower priority, but not ignored). Then it can select
                     related metrics for each attribute as will be discussed shortly. Because SCOR DS is
                     a
                     standard developed by wide industry participation, benchmark metrics are readily
                     available. Given the supply chain’s set of priorities and metrics, organizations can
                     then
                     use benchmarking to determine the size of the gaps from these supply chain priorities,
                     as
                     is shown in Exhibit 9-15. The assets row is highlighted because this attribute needs to be
                     superior (highest level) for this example supply chain.

                  
                  
                  
                     Exhibit 9-15: SCORmark Gap Analysis Example (Mockup)[image: A comparison table showing various supply chain performance attributes, their corresponding metrics, target performance levels, and performance benchmarks for your organization, parity (50%), advantage (70%), and superior (90%). Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  Note that this is a mockup of a SCORmark
                     benchmarking tool. The format of the actual SCORmark tool is very similar and features
                     additional report types. SCORmark is a PriceWaterhouseCoopers (PwC) tool offered through
                     ASCM Corporate Development that uses SCOR DS metrics based on PwC’s data set of over
                     1,000
                     organizations and 2,000 supply chains. Other benchmarking tools exist.

                  
               
               
               
               
                  
                  SCOR DS
                     Metrics

                  
                  
                  The ASCM Supply Chain
                        Dictionary defines SCOR metrics as
                     follows:

                  
                  
                  
                     
                     In SCOR,
                        metrics measure the ability of processes to achieve the strategic objectives associated
                        with performance attributes. SCOR recognizes three levels of predefined metrics: Level
                        1
                        metrics are diagnostics for the overall health of the supply chain. Level 2 metrics
                        serve as diagnostics for the level 1 metrics. Level 3 metrics serve as diagnostics
                        for
                        level 2 metrics.

                     

                  
                  
                  While the performance
                     attributes themselves are not metrics, each has one or more level 1 metrics. Exhibit 9-16
                     shows the SCOR DS metrics at level 1 plus the codes for level 2 metrics with shorthand
                     references to these metrics (see the SCOR DS website for full names.) Note how each
                     metric
                     starts with a two-letter code followed by a level and unique identifier. For example,
                     RL.2.4 is a level 2 reliability metric.

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 9-16: Full Set of SCOR DS Level 1 and Level 2 Metrics
                           
                           
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Category

                                    
                                 
                                 
                                 	
                                    
                                    Performance
                                       Attributes

                                    
                                 
                                 
                                 	
                                    
                                    SCOR DS Level 1
                                       and Level 2 Metrics

                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Resilience

                                    
                                    
                                    

                                    
                                 
                                 
                                 	
                                    
                                    Reliability
                                       (RL)

                                    
                                 
                                 
                                 	
                                    
                                    Perfect Customer Order Fulfillment (RL.1.1):
                                       RL.2.1 to 2.4 (in full, commit date, documentation, and condition)

                                    
                                    
                                    Perfect
                                          Supplier Order Fulfillment (RL.1.2): RL.2.5 to 2.8 (in full, commit
                                       date, documentation, and condition)

                                    
                                    
                                    Perfect Return Order
                                          Fulfillment (RL.1.3): RL.2.9 to 2.12 (on time, in full, documentation,
                                       and condition)

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Responsiveness
                                       (RS)

                                    
                                 
                                 
                                 	
                                    
                                    Customer Order Fulfillment Cycle Time
                                          (RS.1.1): RS.2.1 to 2.5 (cycle times for order, source, transform,
                                       fulfill, and return)

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Agility
                                       (AG)

                                    
                                 
                                 
                                 	
                                    
                                    Supply Chain Agility (AG.1.1): AG.2.1 to 2.5
                                       (agility for order, source, transform, fulfill, and return)

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Economic

                                    
                                    
                                    

                                    
                                 
                                 
                                 	
                                    
                                    Costs
                                       (CO)

                                    
                                 
                                 
                                 	
                                    
                                    Total Supply Chain Management Cost (CO.1.1):
                                       CO.2.1 to 2.5 (costs for ordering, acquisition, inventory carrying, supply
                                       chain finance/planning, and IT)

                                    
                                    
                                    Cost of Goods Sold (COGS) (CO.1.2): CO.2.6 to
                                       2.8 (costs for direct material, direct labor, and indirect)

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Profit
                                       (PR)

                                    
                                 
                                 
                                 	
                                    
                                    Earnings Before Interest and Taxes (EBIT) as a
                                          Percent of Revenue (PR.1.1): (no level 2 metrics)

                                    
                                    
                                    Effective Tax Rate
                                          (PR.1.2): (no level 2 metrics)

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Assets
                                       (AM)

                                    
                                 
                                 
                                 	
                                    
                                    Cash-to-Cash Cycle Time (AM.1.1): AM.2.1 to
                                       2.3 (days sales outstanding, inventory days of supply, and days payables
                                       outstanding)

                                    
                                    
                                    Return on Fixed Assets (AM.1.2): AM.2.4 to
                                       2.5 (revenue and fixed assets)

                                    
                                    
                                    Return on Working Capital (AM.1.3): AM.2.6 to
                                       2.8 (accounts payable, accounts receivable, and inventory)

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Sustainability

                                    
                                    
                                    

                                    
                                 
                                 
                                 	
                                    
                                    Environmental
                                       (EV)

                                    
                                 
                                 
                                 	
                                    
                                    Materials Used (EV.1.1): EV.2.1 to 2.2
                                       (renewable and nonrenewable)

                                    
                                    
                                    Energy Consumed (EV.1.2): EV.2.3 to 2.4
                                       (renewable and nonrenewable)

                                    
                                    
                                    Water Consumed (EV.1.3): EV.2.5 to 2.6
                                       (withdrawal and discharged)

                                    
                                    
                                    GHG Emissions (EV.1.4): EV.2.7 to 2.9
                                       (direct, energy indirect, and other indirect)

                                    
                                    
                                    Waste Generated (EV.1.5):
                                       EV.2.10 to 2.11 (diverted from disposal and directed to disposal)

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Social
                                       (SC)

                                    
                                 
                                 
                                 	
                                    
                                    Diversity and Inclusion (SC.1.1): (no level 2
                                       metrics)

                                    
                                    
                                    Wage Level (SC.1.2): (no level 2
                                       metrics)

                                    
                                    
                                    Training
                                          (SC.1.3): (no level 2 metrics)

                                    
                                 

                              
                           

                        

                     
                     
                     Source: SCOR
                           DS. Used with permission.

                     

                  
                  Exhibit 9-17
                     illustrates how the SCOR DS metrics for perfect customer order fulfillment cascade
                     from
                     one level to the next.

                  
                  
                  
                     Exhibit 9-17: SCOR DS Metrics for Perfect Customer Order Fulfillment[image: A hierarchical chart showing the breakdown of “Perfect Customer Order Fulfillment” into subcategories. Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  SCOR DS also provides standard definitions of
                     each metric, which is critical to the process because it forces everyone to adopt
                     a shared
                     understanding of the metric’s inputs, process, and output.

                  
                  
                  The selection of metrics depends upon the supply chain strategy; there
                     is no requirement, for example, that all the metrics for a particular SCOR DS level
                     have
                     to be applied simultaneously. In fact, the opposite is more likely to be true. Achieving
                     greater overall velocity might require that one link in the chain actually underperform
                     in
                     the interest of boosting performance elsewhere. Shipping might have to rely on more
                     expensive transportation, for example. These tradeoffs have to be carefully negotiated
                     with those involved, and rewards may have to be shared in such a way that the interest
                     of
                     each stakeholder is brought into alignment with that of the overall enterprise. Strong
                     leadership from above is paramount. A pilot project is helpful if it starts at the
                     most
                     manageable level and has a good chance of quick success. Applying one metric across
                     two or
                     three supply chain partners is not too modest a project.

                  
                  
                  Despite the large list of potential metrics and
                     measurements available, each organization needs to understand its own standards and
                     strategic goals and select the performance metrics that most closely align with them.
                     Here
                     are some general principles for selecting metrics from this or another list:

                  
                  
                  
                     
                     	
                        
                        Select at least one level
                           1 or equivalent top-level metric from each category of attributes, such as one KPI
                           for
                           reliability, one for responsiveness, and so on.

                        

                     
                     
                     	
                        
                        For each chosen metric,
                           select some or all supporting metrics one level down (level 2 in SCOR DS).

                        

                     
                     
                     	
                        
                        Verify that the set of
                           metrics reflects the organization’s strategic imperatives and critical performance
                           gaps, which could involve selecting more than one metric in the same attribute
                           category as needed.

                        

                     
                     
                     	
                        
                        Adapt these metrics to
                           the data that are available in the ERP system. Note, however, that many ERP systems
                           have adopted the SCOR DS methodology as part of their process framework.

                        

                     

                  
                  
                  SCOR DS metrics are comprehensive and can
                     be used to measure success against competitive priorities. SCOR DS metrics help trace
                     metrics between strategic, tactical, and operational levels of detail. The operational
                     level is where plans are refined and executed at the most granular level. Metrics
                     must
                     also flow from the overall organizational measures to specific detailed process and
                     functional area measures. At the operational level, the performance objectives are
                     refined. The SCOR DS model metrics were developed with the objective of being able
                     to
                     “drill down” from organizational-level performance to the process and sub-process
                     metrics
                     that contribute to that performance.

                  
               
               
               
               
                  
                  Generic
                     Performance Objectives Versus SCOR DS Performance Attributes

                  
                  
                  
                  
                  Exhibit 9-18
                     shows some typical metrics that relate to the generic performance metrics of speed,
                     dependability, flexibility, quality, and cost. While there isn’t a direct match-up
                     between
                     the generic performance objectives and the SCOR DS metrics, the following observations
                     can
                     be made:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Speed and SCOR DS’s
                           responsiveness are closely aligned

                        
                        

                     
                     
                     
                     	
                        
                        
                        Dependability and quality
                           both relate to SCOR DS’s reliability

                        
                        

                     
                     
                     
                     	
                        
                        
                        Flexibility relates to
                           SCOR DS’s agility

                        
                        

                     
                     
                     
                     	
                        
                        
                        Cost relates to SCOR DS’s
                           cost as well as assets (i.e., asset management)

                        
                        

                     
                     

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 9-18: Metrics for Performance Objectives
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Performance Objectives

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Typical Measures

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Speed

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Customer
                                             query time

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Order lead
                                             time

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Actual versus
                                             theoretical lead time

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Cycle
                                             time

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Minimum and
                                             average delivery time

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Dependability

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Percent of
                                             orders delivered late

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Average
                                             lateness of orders

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Proportion of
                                             products in stock

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Mean
                                             deviation from promised arrival

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Schedule
                                             adherence

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Flexibility

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Time needed
                                             to develop new products and services

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Range of
                                             products and services

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Machine
                                             changeover time

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Average batch
                                             size

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Time to
                                             increase activity rate

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Average and
                                             maximum capacity

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Time to
                                             change schedules

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Quality

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Number of
                                             defects per unit

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Level of
                                             customer complaints

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Scrap
                                             level

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Warranty
                                             claims

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Mean time
                                             between failures (MTBF)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Customer
                                             satisfaction score

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Specification
                                             quality

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Cost

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Efficiency

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Variance
                                             against budget

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Value
                                             added

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Labor
                                             productivity

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Cost per
                                             operation hour

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Resource
                                             utilization

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               

            
            

         
         
         
         
            
            
            Level 1 SCOR DS Metrics

            
            
            
            
               
               
               Level 1 SCOR DS metrics fall into the performance attribute categories of
                  resilience (reliability, responsiveness, and agility), economic (cost, profit, and
                  assets),
                  and sustainability (environmental and social).

               
               
               
               We will go through the metrics for each performance
                  attribute next.

               
               
               
               
                  
                  Resilience Metrics:
                     Reliability

                  
                  
                  Level 1 measures of reliability include perfect customer, supplier,
                     and return order fulfillment respectively. The ASCM Supply
                        Chain Dictionary defines perfect order
                        fulfillment as “a measure of an organization’s ability to deliver a perfect
                     order.” The ASCM Supply Chain Dictionary defines a perfect order as follows:

                  
                  
                  
                     
                     1) An order in which the seven Rs—the right
                        product, the right quantity, the right condition, the right place, the right time,
                        the
                        right customer, and the right cost—are satisfied. 2) A fulfillment metric used to
                        measure order proficiency, including being on time, complete, accurate, and
                        undamaged.

                     

                  
                  
                  In short, it is the
                     percentage of orders meeting delivery performance with complete and accurate documentation
                     and no delivery damage or defects.

                  
                  
                  Components
                     of a perfect order include all items and quantities, so any late items or any items
                     delivered in the wrong amount would violate the requirements of a perfect order. The
                     definition of “on time” has to come from the customer. Documentation includes all
                     packing
                     slips, bills of lading, invoices, etc.

                  
                  
                  A
                     perfect order must satisfy all of the following conditions:

                  
                  
                  
                     
                     	
                        
                        A product is considered
                           perfect if the product ordered is the product provided.

                        

                     
                     
                     	
                        
                        A quantity is considered
                           perfect if the product ordered is provided in the ordered quantity.

                        

                     
                     
                     	
                        
                        A delivery is considered
                           perfect if the location and delivery time ordered are met upon receipt.

                        

                     
                     
                     	
                        
                        A customer order is
                           considered perfect if the product is delivered to the specified entity.

                        

                     
                     
                     	
                        
                        Documentation supporting
                           the order is considered perfect if it is all accurate, complete, and on time.

                        

                     
                     
                     	
                        
                        The product condition is
                           considered perfect if the product is delivered and faultlessly installed (as
                           applicable) according to specifications with no damage, is customer-ready, and is
                           accepted by the customer.

                        

                     

                  
                  
                  The calculation for perfect customer order fulfillment is
                     as follows:

                  
                  
                  
[image: ../images/1e-3_3_-_level_1_scor_ds_metrics_01_id179D90Y0B5Z_mathml_9_width_1273.png]


                  
               
               
               
               
                  
                  Resilience Metrics:
                     Responsiveness

                  
                  
                  The customer order fulfillment cycle time metric is the only Level 1
                     measure of supply chain responsiveness. The SCOR DS website defines customer order fulfillment cycle time (order fulfillment
                     lead time or customer order cycle time), RS.1.1., as follows:

                  
                  
                  
                     
                     The average actual cycle time consistently
                        achieved to fulfill customer orders. For each individual order, this cycle time starts
                        at the order receipt and ends at customer acceptance of the order.

                     

                  
                  
                  Since it is an average, cycle time for individual
                     orders may vary.

                  
                  
                  Customer order fulfillment
                     cycle time is calculated as follows (in days):

                  
                  
                  
[image: ../images/1e-3_3_-_level_1_scor_ds_metrics_02_id179D91007Y4_mathml_10_width_1844.png]


                  
                  
                  Customer order
                     fulfillment cycle time is called a gross cycle time metric, meaning that there may
                     be some
                     dwell time included in this metric in addition to the customer order fulfillment process
                     time (all value-added or non-value-added activities performed during the cycle). The
                     SCOR
                     DS website defines order fulfillment dwell time as,
                     “any lead time created by the customer during the order fulfillment process during
                     which
                     no activity takes place.” Dwell time is created by customers placing orders earlier
                     than
                     necessary, such as an order placed 14 days before the desired fulfillment date, even
                     though it only takes the organization 6 days to fulfill the order. Here, the gross
                     cycle
                     time is 14 days. For this reason, a gross cycle time metric does not truly reflect
                     the
                     organization’s responsiveness. Rather than trying to get customers to place orders
                     exactly
                     on time, organizations should view earlier-than-needed ordering as a benefit because
                     it
                     enables optimization of multiple orders.

                  
                  
                  Separating out the net component from the gross requirement involves measuring each
                     time
                     period separately, as shown below (note the SCOR DS code for order fulfillment dwell
                     time
                     has been added).

                  
                  
                  
[image: ../images/1e-3_3_-_level_1_scor_ds_metrics_03_id238FDI005Y4_mathml_11_width_1679.png]


                  
                  
                  The organization can
                     then subtract the order fulfillment dwell time from the customer order fulfillment
                     cycle
                     time to find customer order fulfillment process time. Customer order fulfillment process
                     time is the preferred way to measure the organization’s responsiveness. Note that
                     if the
                     organization does not track dwell time, then the gross metric will equal the customer
                     order fulfillment process time.

                  
                  
                  Note that
                     order fulfillment dwell time should never be allowed to include non-value-added lead
                     time
                     or idle time. These are instead included in customer order fulfillment process time
                     as
                     these are inefficiencies in the process that can be sought out and reduced or
                     eliminated.

                  
               
               
               
               
                  
                  Resilience Metrics:
                     Agility

                  
                  
                  Agility in the supply chain is its
                     ability to respond to market changes and remain competitive. The Level 1 metric for
                     this
                     is AG.1.1. Supply Chain Agility, and the Level 2 metrics are agility for order, source,
                     transform, fulfill, and return, respectively. Agility in total or for one of these
                     subsets
                     can be measured in two basic ways:

                  
                  
                  
                     
                     	
                        
                        Strategic Supply Chain
                           Agility (days): Number of days to meet a 25 percent unplanned change in demand

                        
                        
                        
                           
                           	
                              
                              To calculate the
                                 Level 1 metric, sum the planned lead times for source, transform, order, fulfill,
                                 and plan

                              

                           

                        

                     
                     
                     	
                        
                        Operational Supply Chain
                           Agility (percentage increase/decrease): The sustained percentage increase or decrease
                           in quantities that can be achieved over the operational planning horizon (commonly
                           this is 30 to 60 days)

                        
                        
                        
                           
                           	
                              
                              To calculate, assume
                                 no expedite costs, and apply the following formula:
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                  Economic Metrics:
                     Cost

                  
                  
                  The economic metrics for
                     a supply chain can be complex. The measures that the CFO of a large company focuses
                     on may
                     be different than those that are pivotal to supply chain managers. There are two cost
                     metrics at Level 1 for measuring the costs of operating the supply chain: total supply
                     chain management cost (TSCMC) and cost of goods sold (COGS).

                  
                  
                  
                     
                     CO.1.1. Total Supply Chain Management Cost

                     
                     
                     Per the SCOR DS website, the total supply chain management
                        cost is “calculated as the total cost to manage order processing, acquire materials,
                        manage inventory, and manage supply-chain finance, planning, and IT costs, as
                        represented as a percent of revenue.” The calculation for total supply chain management
                        cost as a percent of revenue is to combine the Level 2 costs and divide by total product
                        revenue: (CO.2.1 + CO.2.2 + CO.2.3 + CO.2.4 + CO.2.5)/Total Product Revenue. Spelled
                        out
                        this is:
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                     CO.1.2 Cost of
                           Goods Sold (COGS)

                     
                     
                     The ASCM Supply Chain Dictionary defines cost of goods sold (COGS)
                        as “an accounting classification useful for determining the amount of direct materials,
                        direct labor, and allocated overhead associated with the products sold during a given
                        period of time.” COGS is a financial accounting measurement of the cost associated
                        with
                        buying raw materials and producing the finished goods that were sold in the period.
                        The
                        cost associated with buying raw materials and the cost to transform in the SCOR DS
                        model
                        is generally included in this calculation. The formula includes direct costs (materials,
                        labor) and indirect costs related to production (overhead). The calculation for COGS
                        =
                        Cost to Transform, or COGS = CO.2.6 (Direct Material cost) + CO.2.7 (Direct Labor
                        Cost)
                        + (CO.2.8 Indirect Costs Related to Production), or more simply:
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                     SCOR DS defines
                        direct material, direct labor, and indirect costs related to production only at a
                        high
                        level since there are many ways to define each of these
                        categories.

                     
                  
               
               
               
               
                  
                  Economic
                     Metrics: Profit

                  
                  
                  Profit metrics include the following:

                  
                  
                  
                     
                     	
                        
                        PR.1.1 Earnings Before
                           Interest and Taxes (EBIT) as a Percent of Revenue

                        

                     
                     
                     	
                        
                        PR.1.2 Effective Tax
                           Rate

                        

                     

                  
                  
                  EBIT measures the organization’s earning power
                     from ongoing operations before interest payments or income taxes are factored in.
                     EBIT as
                     a percent of revenue is calculated as follows:
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                  The effective tax rate
                     is the average tax rate paid by the organization. SCOR DS notes that a tax-efficient
                     supply chain can significantly impact this rate.

                  
               
               
               
               
                  
                  Economic Metrics:
                     Assets

                  
                  
                  Metrics related to the
                     supply chain’s effective use of resources, including fixed and working capital, are
                     the
                     cash-to-cash cycle time, return on fixed assets, and return on working
                     capital.

                  
                  
                  
                     
                     AM.1.1 Cash-to-Cash Cycle
                           Time

                     
                     
                     Cash-to-cash cycle time is defined
                        as the time it takes for an investment to flow back into a company after it has been
                        spent for raw materials. It is a continuous measure of how many days the organization’s
                        working capital is invested in managing the supply chain. The data needed to calculate
                        cash-to-cash cycle time (average inventory, accounts receivable, and accounts payable)
                        can be found on the balance sheet (statement of financial position). Cash-to-cash
                        cycle
                        time is calculated as follows:
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                     Each of the items used
                        in this calculation can be determined as follows:
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[image: ../images/1e-3_3_-_level_1_scor_ds_metrics_11_id179DB0P04HTXX_mathml_19_width_1717.png]


                     
                     
                     The ASCM Supply Chain Dictionary has some relevant definitions:

                     
                     
                     
                     
                        
                        	
                           
                           
                           
                              
                                 Days’ outstanding:
                                 
                               A term used to
                                 imply the amount of an asset or liability measured in days of sales. For example,
                                 accounts payable days are the typical number of days that a firm delays payments
                                 of invoices to its suppliers.
                              

                           
                           

                        
                        
                        	
                           
                           
                           
                              
                                 Days’ sales outstanding:
                                 
                               A measure of the
                                 average number of days that a company takes to collect revenue after a sale has
                                 been made, calculated as the total accounts receivable divided by the average
                                 daily sales rate. [Also called accounts receivable days.]
                              

                           
                           

                        
                        
                        	
                           
                           
                           
                              
                                 Days of supply:
                                 
                              1)
                                 Inventory-on-hand metric converted from units to how long the units will last. For
                                 example, if there are 2,000 units on hand and the company is using 200 per day,
                                 then there are 10 days of supply. 2) A financial measure of the value of all
                                 inventory in the supply chain divided by the average daily cost of goods sold
                                 rate.
                              

                           
                           

                        

                     
                     
                     Cash is tied up in the system by the
                        difference between amounts owed to the organization and amounts still owed to others
                        plus inventory. Reducing inventory will directly reduce the cash-to-cash cycle time,
                        thus increasing cash flow.

                     
                     
                     For example, if a
                        supply chain has 60 inventory days of supply, 40 days of sales outstanding, and 45
                        days
                        of payables, its cash-to-cash cycle time is 55 days.
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                     The three elements of
                        the cash-to-cash cycle reflect the impact of supply chain management on the company’s
                        cash position. Negative indicators include high levels of inventory, high days of
                        sales
                        (receivables) outstanding (it’s taking a long time to get paid), or low levels of
                        payables (the company is not benefiting from keeping money invested as long as possible
                        before making payments). If unnecessarily high inventory levels are the problem, the
                        company can reduce the cycle time by improved forecasting and just in time (JIT)
                        initiatives to reduce inventory (consistent with avoiding stockouts).

                     
                     
                     Cash-to-cash cycle time is considered to be an
                        important indicator of a company’s health. The faster the cycle, the healthier the
                        company. A fast cycle indicates effective management of cash flow to maximize the
                        use of
                        the cash and to reduce working capital requirements.

                     
                     
                     However, what is considered a normal duration for the cash-to-cash
                        cycle time will differ by supply chain, industry, and organizational strategy. Even
                        within a given industry, one organization may have owned less of its inventory than
                        another due to heavier use of strategies such as vendor-managed inventory (VMI) or
                        consignment. VMI helps to lower the inventory in the pipeline by sharing information
                        between the links in the supply chain. Consignment stock postpones the handoff of
                        ownership. Similarly, an organization that is vertically integrated will own its
                        inventory for much longer than one in a horizontal supply chain. Therefore, it is
                        not
                        necessarily possible to compare cycle times without understanding the relevant
                        strategies for each business. An organization’s cycle time can always be a benchmark
                        for
                        its own continuous improvement.

                     
                     
                     One advantage
                        of using this metric is that it can be easily benchmarked to information found in
                        public
                        financial statements such as those of a competitor. Note that while cash-to-cash cycle
                        time can be calculated using historical data, a preferred method for supply chain
                        management is to base the calculations on five-point rolling averages as stated in
                        the
                        above equations.

                     
                  
                  
                     
                     AM.1.2 Return
                           on Fixed Assets

                     
                     
                     The ASCM Supply Chain Dictionary defines return on supply chain fixed assets as “the return an
                        organization receives on its invested capital in supply chain fixed assets. This
                        includes the fixed assets used to...” orchestrate, plan, source, transform, order,
                        deliver, and return. Fixed assets include property, plant, and equipment. Return on
                        fixed assets is calculated as follows (note that in this calculation TSCMC is not
                        expressed as a percent of revenue):
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                     For example, if supply
                        chain revenue is US$1,000,000, total supply chain management costs are US$850,000,
                        and
                        supply chain fixed assets cost US$600,000, then the return on fixed assets is 25
                        percent.

                     
                     
                     
[image: ../images/1e-3_3_-_level_1_scor_ds_metrics_14_id179DD0P0K7Q_mathml_22_width_778.png]


                     
                  
                  
                     
                     AM.1.3 Return
                           on Working Capital

                     
                     
                     Another metric used to measure
                        supply chain asset management is return on working capital. The ASCM Supply Chain Dictionary defines return
                           on working capital as “a measure of profit on the amount of capital consumed.
                        It is calculated as after-tax operating income divided by net working capital.”

                     
                     
                     Return on working capital assesses the magnitude of
                        an investment relative to a company’s working capital position versus the revenue
                        generated from a supply chain. Components include accounts receivable (A/R), accounts
                        payable (A/P), inventory, supply chain revenue, cost of goods sold, and supply chain
                        management costs.

                     
                     
                     The calculation for return
                        on working capital is as follows (note that in this calculation TSCMC is not expressed
                        as a percent of revenue):
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                  Sustainability Metrics: Environmental

                  
                  
                  Environmental metrics
                     include metrics for

                  
                  
                  
                     
                     	
                        
                        EV.1.1 Materials Used,
                           which is the total weight or volume of materials that are used to produce and package
                           main products and services. It has renewable and nonrenewable Level 2 metric
                           subsets.

                        

                     
                     
                     	
                        
                        EV.1.2 Energy Consumed,
                           which is total energy consumption at the organization in joules or multiples thereof.
                           It also has renewable and nonrenewable subsets.

                        

                     
                     
                     	
                        
                        EV.1.3 Water Consumed,
                           which is total water consumption in mega-liters. It has water withdrawal and water
                           discharged subsets.

                        

                     
                     
                     	
                        
                        EV.1.4 GHG Emissions,
                           which is greenhouse gas emissions measured as metric tons of equivalent CO2 in Scope 1 (direct emissions), Scope 2 (energy
                           indirect), and Scope 3 (other indirect) Level 2 subsets.

                        

                     
                     
                     	
                        
                        EV.1.5 Waste Generated,
                           which is the total weight of waste generated in metric tons. Its Level 2 subsets
                           include generated waste diverted from disposal and directed to disposal.

                        

                     

                  
               
               
               
               
                  
                  Sustainability Metrics: Social

                  
                  
                  Social metrics include the
                     following (these do not have Level 2 metrics):

                  
                  
                  
                     
                     	
                        
                        SC.1.1 Diversity and
                           Inclusion, which is measured as the percentage of individuals in the organization’s
                           governance bodies per gender, age group, and other diversity indicators.

                        

                     
                     
                     	
                        
                        SC.1.2 Wage Level, which
                           is the ratio of entry level wage by gender at significant locations of operations
                           to
                           the minimum wage.

                        

                     
                     
                     	
                        
                        SC.1.3 Training, which is
                           the number of hours training per gender per employee category.

                        

                     

                  
               
               

            
            

         
         
         
         
            
            
            Digital Capabilities Model for Supply
               Networks

            
            
            
            
               
               
               One tool that can be used to select advanced supply
                  chain capabilities is the Digital Capabilities Model (DCM) for
                     Supply Networks, which is defined by the ASCM Supply Chain Dictionary as follows:

               
               
               
               
                  
                  A reference model for supply
                     chain professionals to guide the development of digital supply networks. The model
                     is
                     designed in a relational manner to help envision and then build the digitally enabled
                     capabilities required to transform linear supply chains into a set of dynamic
                     networks.

                  

               
               
               
               The DCM for Supply Networks is a joint development of ASCM and Deloitte.
                  It is designed to help organizations increase their supply chain maturity level to
                  that of
                  an orchestrated supply chain. This includes breaking down organizational silos more,
                  reducing buffer inventories and safety stocks by providing end-to-end visibility,
                  and better
                  management of the bullwhip effect. The model defines capabilities as “the synergistic
                  combination of people, processes, and technologies that creates sustained business
                  value.”

               
               
               
               One way to determine how exactly to transform to
                  higher levels of supply chain maturity is to first establish the necessary advanced
                  capabilities based on customer and other requirements. Then, work backward from these
                  desired capabilities to determine the processes, programs, people skills, and technologies
                  that will enable those capabilities.

               
               
               
               The DCM helps translate a supply chain
                  into a holistic network view that focuses on the interconnectedness between its six
                  level 1
                  capabilities and the flow of information across these capabilities, as shown in Exhibit 9-19. Note that
                  because the model is relational, it is best viewed by going to dcm.ascm.org.

               
               
               
               
                  Exhibit 9-19: Digital Capabilities Model for Supply Networks[image: This diagram, adapted from ASCM, depicts a wheel-like representation of a modern supply chain with six interconnected elements: Connected Customer, Product Development, Synchronized Planning, Intelligent Supply, Smart Operations, and Dynamic Fulfillment. These elements are positioned in ovals around the perimeter and connected by lines, signifying their interdependence and integrated nature in the supply chain.]
               
               
               
               
               Here is a brief overview of each of the
                  capabilities:

               
               
               
               
                  
                  
                  	
                     
                     
                     Connected customer. This is about creating a seamless
                        customer experience throughout the customer life cycle, which ranges from inspiration
                        at
                        the beginning of the model to service at the end of the model.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Product development. This is about optimizing product
                        life cycle management using proactive planning and emerging technologies.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Synchronized planning. This is about making planning
                        significantly more efficient by leveraging human and process capabilities like
                        information sharing.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Intelligent supply. This is about leveraging emerging
                        technologies to reduce costs.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Smart operations. This is about bringing operations
                        into the digital transformation by increasing connectivity, agility, and
                        proactivity.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Dynamic fulfillment. This is about providing speed and
                        agility to order fulfillment to increase customer service.

                     
                     

                  
                  

               
               
               
               This model integrates well with SCOR DS. SCOR DS’s
                  orchestrate process links to all of these capabilities (and it is the only SCOR DS
                  process
                  that maps to connected customer and product development). Plan maps to synchronized
                  planning, source maps to intelligent supply, transform maps to smart operations, order
                  maps
                  to connected customer, and both fulfill and return map to dynamic fulfillment.

               
               
               
               Rather than focusing on the linear relationships of a
                  traditional supply chain, the capabilities in this model are presented as a network.
                  This
                  shows how the capabilities are interrelated and how a digitized supply chain no longer
                  needs
                  to be linear in every case but could use various enabling processes (including emerging
                  technologies) to skip some processes or do them in a different order. For example,
                  3D
                  printing can skip the source process or sensor-driven replenishment can directly feed
                  data
                  into the plan process.

               
               
               
               Organizations should prioritize various capabilities
                  as needed to fit their strategy or to address gaps. Like SCOR DS, the Digital Capabilities
                  Model contains more than one level. At the top level are the capabilities. At the
                  second
                  level, there are subsets of these capabilities that help clarify the top level capability
                  and how to use the capability to differentiate the organization from less mature traditional
                  supply chains. For example, connected customer has seven supporting capabilities:
                  product as
                  a service (PAAS), connected field services, self-service, customized experience, customer
                  issue management, intelligent product tracking, and monitoring and insights.

               
               

            
            

         
         
   
      
         
         
         
         Use Financial Performance Metrics and
            Benchmarking

         
         
         
         
            
            
            Financial performance metrics include things like
               cash-to-cash cycle time and other SCOR DS metrics, but these will not be repeated
               here. The
               following discussion addresses cost metrics, financial ratio analysis, and the strategic
               profit model. It concludes with a discussion of benchmarking, including the various
               approaches.

            
            

         
         
         
         
         
            
            
            Cost Metrics

            
            
            
            
               
               
               There are a number of ways to measure the cost of an
                  organization’s logistics function. Cost areas include order processing, inventory,
                  transportation, warehousing and materials handling, and facility network integration.
                  Here
                  are some ways of breaking down the organization’s costs:

               
               
               
               
                  
                  
                  	
                     
                     
                     Total cost of ownership
                        (TCO)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Total landed cost (or total
                        cost)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Cost per major function (e.g.,
                        order processing)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Cost per detailed function
                        (e.g., order picking, loading)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Cost per pallet or per
                        unit

                     
                     

                  
                  
                  
                  	
                     
                     
                     Cost as a percentage of net
                        sales

                     
                     

                  
                  
                  
                  	
                     
                     
                     Inbound freight cost

                     
                     

                  
                  
                  
                  	
                     
                     
                     Warehouse order processing
                        cost

                     
                     

                  
                  
                  
                  	
                     
                     
                     Inventory carrying
                        cost

                     
                     

                  
                  
                  
                  	
                     
                     
                     Administrative costs

                     
                     

                  
                  
                  
                  	
                     
                     
                     Direct labor costs

                     
                     

                  
                  
                  
                  	
                     
                     
                     Outbound freight cost

                     
                     

                  
                  
                  
                  	
                     
                     
                     Damage cost

                     
                     

                  
                  
                  
                  	
                     
                     
                     Return cost

                     
                     

                  
                  
                  
                  	
                     
                     
                     Service failure cost

                     
                     

                  
                  
                  
                  	
                     
                     
                     Backorder cost

                     
                     

                  
                  

               
               
               
               In addition to cost breakdowns, supply chain managers
                  can analyze cost trends and variances from budget. Trend analysis looks at changes
                  in cost
                  over time, and trends can be graphed to be easier to project forward. Variance analysis
                  requires some form of baseline or budget against which operational data can be compared.
                  Variances can be in a favorable or unfavorable direction, so their direction and magnitude
                  are tracked. Often organizations set a threshold for variances to indicate which are
                  acceptable and which require exception handling.

               
               
               
               In some cases, cost metrics may be best
                  served by also measuring number of orders, volume, or weight. This will help explain
                  why
                  certain activities consume more expense than others so that management control can
                  be
                  fine-tuned.

               
               
               
               It can be challenging to collect total costs for all of
                  an organization’s logistics functions, as multiple subsidiaries and business units
                  and
                  multiple information systems may be involved. Nevertheless, it is important to put
                  the work
                  in to achieve this level of data gathering so that analysis captures the big picture.

               
               

            
            

         
         
         
         
            
            
            Financial Ratio Analysis

            
            
            
            
               
               
               Internally, an organization can analyze its own financial results.
                  Analyzing the financial results of other organizations, such as suppliers or business
                  partners, can be more difficult. The financial statements of publicly owned organizations
                  are available for review; however, privately owned organizations are not required
                  to publish
                  financial statements. In some countries, financial statements may not be sufficiently
                  regulated to be considered completely reliable. Another complication for organizations
                  that
                  are owned by large holding companies is that splitting off the financial information
                  for
                  just one subsidiary may require significant effort. Alternate or supplemental sources
                  of
                  financial information may be needed.

               
               
               
               Information from financial statements can be used to develop financial
                  ratios—basically one value divided by another to provide a one-number assessment of
                  some
                  aspect of the organization’s relative financial status. Your organization’s financial
                  professionals can create a set of ratios for your own organization and each publicly
                  owned
                  organization (or private organization that voluntarily provides these data) that you
                  work
                  with. You may need to interpret these ratios, at least to see when they are improving
                  or
                  getting worse.

               
               
               
               There are four major groups of ratios that can be of use
                  in determining an organization’s financial health:

               
               
               
               
                  
                  
                  	
                     
                     
                     Liquidity ratios.
                        Liquidity ratios measure how quickly certain assets can be converted into cash or
                        how
                        easily the organization can meet its short-term financial obligations. These ratios
                        should be increasing or remaining steady if already high enough. An example of a
                        liquidity ratio is the quick ratio:

                     
                     
                     
                     
                        
[image: ../images/1e-4_2_-_financial_ratio_analysis_01_id179IH0A0VRO_mathml_24_width_924.png]

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Activity ratios. Activity ratios measure effective use of assets. These assets
                        can be total assets, current assets (excludes long-term assets), or inventory. Turnover
                        ratios should in general be increasing. Inventory turnover is an example of an activity
                        ratio:

                     
                     
                     
                     
                        
[image: ../images/1e-4_2_-_financial_ratio_analysis_02_id179IH0D0RE9_mathml_25_width_848.png]

                        

                     
                     
                     
                     If there was US$100 in
                        cost of goods sold (COGS) and US$50 in inventory, then the ratio would be 2.0, and
                        this
                        would mean that inventory turned over twice in a year. However, inventory days’
                        outstanding must also be considered:

                     
                     
                     
                     
                        
[image: ../images/1e-4_2_-_financial_ratio_analysis_03_id179IH0FJ04Y_mathml_26_width_1055.png]

                        

                     
                     
                     
                     This ratio counts how
                        many days it takes to sell off all the inventory (e.g., 365/2 = 182.5 days); this
                        ratio
                        should ideally be decreasing. Note that some organizations, such as retailers, use
                        sales
                        as the numerator for inventory turnover, while other organizations, such as those
                        who
                        sell products with price volatility, may use sales in units over a period as the
                        numerator.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Leverage ratios.
                        Leverage ratios measure how much debt is being used to finance the business and thus
                        help to project whether the business is likely to meet its debt payments. Various
                        types
                        of debt divided by equity are better when they are lower from a solvency point of
                        view.
                        An example of a leverage ratio is current debt to equity:

                     
                     
                     
                     
                        
[image: ../images/1e-4_2_-_financial_ratio_analysis_04_id179IH0K0EXW_mathml_27_width_918.png]

                        

                     
                     
                     
                     The interest coverage
                        ratio (another leverage ratio) should be higher. This ratio shows how well the earnings
                        of the business can cover its interest payments.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Profitability ratios. Profitability ratios measure various types of return on
                        investment. All of these ratios are better when they are higher. Net profit margin
                        is an
                        example:
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               A 10 percent margin would mean that for every dollar
                  earned, you get ten cents of profit.

               
               
               
               Financial analysts can also look at a partner’s
                  financial market values or growth over time to see if they are getting more valuable
                  or
                  growing or the opposite.

               
               

            
            

         
         
         
         
            
            
            Strategic Profit Model

            
            
            
            
               
               
               The strategic profit model is also called the return on assets breakdown,
                  because it deconstructs what makes up return on assets (ROA). ROA is a ratio that
                  shows how
                  much in profits an organization’s assets generate, and it is calculated as
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               The strategic profit model makes the ROA formula a
                  little more complex so it can be broken down into how various business functions contribute
                  to the result. In the strategic profit model, ROA equals net profit margin times asset
                  turnover. The breakdown of ROA into these components is often called a DuPont analysis.
                  However, the strategic profit model goes further, building up to these metrics by
                  considering how these ratios are calculated.

               
               
               
               
                  
[image: ../images/1e-4_3_-_strategic_profit_model_02_equation-block_f3m_pnd_tcc_mathml_30_width_651.png]
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               The model also shows what inputs are used to determine net profit, net sales (used
                  in both
                  equations), and total assets. Exhibit 9-20 shows this build up that ends with ROA.

               
               
               
               
                  Exhibit 9-20: Strategic Profit Model with Sample Data[image: The image illustrates a strategic profit model with a focus on determining return on assets (ROA) using a detailed breakdown of financial data. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Note how the net profit over total assets version of ROA
                  and the net profit margin times asset turnover version produce the same result using
                  the
                  sample data. (The spreadsheets shown in this and the next exhibit are available in
                  the
                  Additional Resources.) This version of ROA is a good measure of profitability for
                  logistics
                  professionals because they are responsible for managing a number of the assets that
                  are
                  counted in this metric as well as the expenses that make up the cost of goods sold.

               
               
               
               Moving from right to left, gross profit is calculated as
                  net sales less the cost of goods sold, total expenses are calculated by summing variable
                  and
                  fixed expenses, and current assets are calculated by summing inventory, accounts receivable,
                  and other current assets. Given these amounts, the net profit is calculated as gross
                  profit
                  minus total expenses, and total assets are calculated as current assets plus fixed
                  assets.
                  From there, one now has the net profit, which is divided by net sales to find the
                  net profit
                  margin. Similarly, the net sales are divided by the total assets to find the asset
                  turnover.
                  The net profit margin and the asset turnover are then multiplied to find the ROA (0.143,
                  or
                  14.3 percent, in the example). One can also look at the model in the opposite direction
                  (left to right) to see what might be changed to influence these ratios.

               
               
               
               When the model is put into a spreadsheet, as in Exhibit 9-20, the
                  additions, subtractions, and divisions can be automated so that various scenarios
                  can be
                  explored. This might include reducing inventory, increasing sales, or reducing the
                  cost of
                  goods sold. However, these values usually affect one another. For example, reducing
                  inventory would also reduce the inventory carrying cost, so this would reduce variable
                  expenses by a certain amount. It could also reduce net sales. These complexities could
                  also
                  be included in the model or calculated in a different way. Using the sample data from
                  the
                  prior exhibit, Exhibit 9-21 assumes that inventory is reduced by US$40 and that since there is an inventory
                  carrying cost of 25 percent, there is also a reduction in variable costs of US$10.
                  (0.25
                  times US$40 equals US$10.) However, there is a reduction of sales of 1 percent (or
                  US$10).

               
               
               
               
                  Exhibit 9-21: Strategic Profit Model with a Reduction in Inventory, Carrying Cost,
                     and Net Sales[image: This strategic profit model visualizes a set of financial data with adjustments, particularly focusing on the effects of a reduction in inventory. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               In this scenario, the ROA increases from 14.3 to 15.8
                  percent, even with the reduction in net sales. However, without that reduction in
                  net sales,
                  the ROA would have jumped to 18.4 percent. Conversely, a reduction in sales of about
                  1.59
                  percent or more (given these data) would result in a net reduction in ROA. In such
                  a case,
                  the inventory reduction would have destroyed more value than it created. Analyses
                  such as
                  these can be used not only with hypothetical scenarios but also to study the impact
                  of
                  actual decisions after the results have come in.

               
               
               
               Looking at ROA in this way shows that there are multiple
                  ways to increase it. Logistics professionals can see the areas where they can have
                  influence. They can reduce inventory but will also see how ROA could drop if lack
                  of
                  inventory starts to hurt net sales. They might also reduce the cost of goods sold,
                  but again
                  only to the point where net sales don’t cause ROA to fall (e.g., due to quality issues).
                  If
                  the organization owns a fleet or owns warehouses, they could determine the improvement
                  to
                  ROA if they were to no longer own these fixed assets. Note that getting assets off
                  of the
                  balance sheet is a common financial goal in part because of the negative impact to
                  ratios
                  such as ROA. This can be done by outsourcing the service to another organization or
                  by using
                  a form of leasing that qualifies as renting rather than owning under accounting rules.
                  Logistics professionals can also use this model to work with managers in other areas.
                  For
                  example, logistics could use it to show sales managers that maximizing ROA is better
                  for the
                  organization than just increasing sales volumes.

               
               

            
            

         
         
         
         
            
            
            Benchmarking

            
            
            
            
               
               
               According to the ASCM Supply Chain
                     Dictionary,
                  benchmarking is

               
               
               
               
                  
                  Comparing products, processes,
                     and services to those of another organization thought to have superior performance.
                     The
                     benchmark target may or may not be a competitor or even in the same industry.

                  

               
               
               
               The overall goal of benchmarking is to strive to have
                  your organization or your contractor or supplier match the best ratings, not just
                  the
                  average, in each metric. So how is benchmarking implemented within an organization
                  or
                  logistics function? Typically it begins with a solid commitment by senior management
                  to
                  support these efforts with the long-term view that they will yield measurable improvements
                  in profitability, efficiency, effectiveness, and customer service levels.

               
               
               
               Like standards, benchmarks may be derived from external
                  performance—an industry average or report of “best of class”—or from a company’s own
                  historical performance. For example, many performance targets are expressed as a specific
                  percentage difference from the previous period’s performance.

               
               
               
               Benchmarks can be used as targets or standards for KPIs because they
                  are considered best practices.

               
               
               
               The ASCM Supply Chain
                     Dictionary defines a best practice as follows:

               
               
               
               
                  
                  1) A method or technique that
                     consistently shows results superior to those achieved through other means. As a result,
                     the method or technique often is used as a benchmark. Best practices can be defined
                     within
                     an organization, within an industry, or across industries. 2) Practices that have
                     had a
                     proven and positive impact on organizational or supply chain performance.

                  

               
               
               
               Examples of some best practices that a firm may
                  implement include

               
               
               
               
                  
                  
                  	
                     
                     
                     Reducing use of empty trucks
                        (deadheading) by 90 percent in the next quarter by building better loads and routes
                        and
                        using smaller vehicles

                     
                     

                  
                  
                  
                  	
                     
                     
                     Increasing the visibility of
                        product leaving suppliers (or heading to retailers to ensure retail compliance) by
                        implementing a radio frequency identification tag system and/or vehicle tracking system
                        that the LSPs will employ.

                     
                     

                  
                  

               
               
               
               By completing objectives analysis and then feeding that
                  information into these methodologies, specific benchmark methods and targets can be
                  identified. Often a cross-functional benchmarking team is created to coordinate benchmarking
                  efforts and to identify KPIs that tie most closely to the main goals of the business
                  strategy. These will yield the most-targeted, high-priority results with the greatest
                  visibility. The team works with any other involved parties (e.g., a 3PL being measured)
                  to
                  identify which measures are most important and then sets acceptable standard levels
                  for each
                  metric. Ongoing communication between those doing the measuring and those being measured
                  is
                  integral to reaching agreement on expectations that can evolve over time. Parties
                  being
                  measured must be fully apprised of what they are doing well and where they need to
                  improve,
                  as in on-time delivery, more accurate purchase orders, and so on. Up-to-date performance
                  scorecards visible to both those doing the assessing and those being assessed often
                  work
                  well. The scorecards make clear what is being measured and whether the results are
                  acceptable, marginal, or unacceptable. Often when a party has ready access to its
                  own
                  performance data, it can self-correct without needing any management intervention.

               
               
               
               Additional benchmarking expertise can be sought from
                  other well-respected entities like the SCORmark benchmarking tool, Malcolm Baldrige
                  National
                  Quality Award framework, the CILT Logmark Supply Chain Benchmarking Group (U.K.),
                  ISO 9004
                  on quality, or quality function deployment techniques. There are also annual guides
                  for
                  benchmarking transportation costs.

               
               
               
               The various approaches to benchmarking each have their
                  own merits. We’ll look at four types.

               
               
               
               
                  
                  
                  	
                     
                     
                     Competitive benchmarking. In competitive benchmarking, an enterprise compares its
                        performance to that of a competitor in its own industry. For example, distribution
                        lead
                        time might be a key performance indicator for an enterprise. Benchmarking would begin
                        with determining average lead time and variability over a number of distribution cycles.
                        These numbers could be compared with the performance of a competitor, an enterprise
                        with
                        similar challenges in the same industry. Perhaps that competitor has a 25 percent
                        shorter lead time and less variability. The process improvement team can use this
                        competitor’s lead time as the goal for improvement. It is quantifiable, measurable,
                        and
                        realistic, since the competitor is already achieving it. Therefore, it makes an
                        acceptable benchmark.

                     
                     
                     
                     There’s an obvious payoff
                        to competitive benchmarking as a method of setting a performance goal. Reaching the
                        benchmark, or surpassing it, means that the enterprise has improved its competitive
                        position. Ford Motor Company used competitive benchmarking to make a truly remarkable
                        breakthrough in improving their accounts payable process. Their first restructuring
                        of
                        accounts payable, without a benchmarked goal, yielded a 20 percent reduction in
                        personnel. For a second pass at improving the process, Ford benchmarked its performance
                        against Mazda and was able to cut personnel from 500 to 75.

                     
                     
                     
                     Seeing a competitor exceeding performance in a
                        key process lets an enterprise know that change is possible. And yet, despite the
                        dramatic example from the automobile industry, restricting the search for benchmarks
                        to
                        a company’s direct competitors may be too limiting. Best-in-class benchmarking provides
                        another method of goal setting, with some advantages.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Best-in-class benchmarking. With the best-in-class benchmarking strategy, a
                        company looks to the best anywhere to develop a goal for improvement. Widening the
                        search for a benchmark makes it possible to find even more dramatic and inspiring
                        possibilities. Accounts payable doesn’t differ radically from industry to industry;
                        Ford
                        might have been able to find an even more efficient model for the process than Mazda’s
                        by looking outside the car industry.

                     
                     
                     
                     Even in
                        areas where at first the dissimilarities seem an overwhelming barrier, a best-in-class
                        approach may still help develop the most inspiring goals. A major health-care provider
                        in Minnesota revamped the procedures in its endoscopy clinic by borrowing from Toyota’s
                        lean production system. While receiving some criticism for borrowing assembly-line
                        methods to improve delivery of a service, in fact the provider enabled doctors to
                        not
                        only reduce the backlog of patients waiting for exams but also to have at least as
                        much
                        time with each patient. The improvements also saved substantial money. The decision
                        to
                        process patients with the same efficiency Toyota achieves in its manufacturing plants
                        turned out to be good for the doctors, the patients, and the clinic. The health-care
                        provider benefited from getting outside its own industry—not only for a benchmark
                        but
                        for innovative process improvement techniques.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Process benchmarking. Another approach to improving a process is to benchmark it
                        against a checklist of world-class process descriptions. Rather than focusing on
                        measurable aspects of process performance, such as duration of cycle time, a process
                        checklist draws attention to the features of the process, to its qualitative aspects.
                        Process benchmarking may include considerations such as

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Use of strategy to drive
                              logistics planning and execution

                           
                           

                        
                        
                        
                        	
                           
                           
                           Optimization of capacity,
                              inventory, and other logistics elements

                           
                           

                        
                        
                        
                        	
                           
                           
                           Use of monthly reviews for
                              monitoring capability and flexibility

                           
                           

                        
                        
                        
                        	
                           
                           
                           Presence of data-sharing
                              processes, financial integration, and teams including suppliers and
                              customers.

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Internal benchmarking. Benchmarking can be used to describe setting goals based
                        on surpassing the past results. This might be comparing year-over-year change in key
                        metrics or working to replicate the exemplary results of one business unit in other
                        areas.

                     
                     

                  
                  

               
               
               
               In sum, benchmarking your goals against the best in your
                  industry or the best in class provides an effective way to choose realistic yet inspiring
                  goals. It’s only natural to have more faith in your ability to reach a goal if you
                  know
                  someone else has been there before. Not long after British athlete Roger Bannister
                  reset the
                  benchmark for running a mile at slightly less than four minutes in 1954, other runners
                  not
                  only broke four minutes but ran past Bannister’s own mark.

               
               
               
               It’s worth noting that Bannister himself did not use
                  another runner’s performance as his benchmark. He reached beyond any other current
                  or
                  historical mile runners for a pioneering goal. Sometimes, even the best-in-class mark
                  may be
                  too limited a goal for a company to follow. Someone—or some enterprise—has to be first.
                  But
                  even a pioneer like Bannister followed a strategy of continuous improvement to reach
                  his
                  goal. He got there through years of training, continuously shaving small amounts of
                  time off
                  his previous performances until he surpassed the speed that some believed was
                  physiologically impossible.

               
               
               
               Here are some guidelines for teams working with KPIs and
                  benchmarks:

               
               
               
               
                  
                  
                  	
                     
                     
                     Establish a set of key
                        performance indicators using a balanced scorecard approach and determine baselines
                        and
                        targets for each indicator.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Limit the KPIs to a workable
                        number.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Be sure to include the four
                        general areas of the balanced scorecard: business process improvement (which you should
                        have covered in the design of your initiative), customer considerations, financial
                        impact, and learning and growth. Learning and growth can be crucial to the success
                        of
                        logistics process improvements.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Be sure the change provides a
                        measurable, positive effect on customers and your bottom line.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Monitor the performance of the
                        KPIs.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section C: Facilitate Facilities Planning and
            Network Design

         
         
         
         
            
            
            
               After completing this section, students will be able
                  to
               

            
            
            
            
               
               
               	
                  
                  
                  Describe a formal process that brings all of
                     the elements of network design together and guides it to successful
                     implementation

                  
                  

               
               
               
               	
                  
                  
                  Understand how to scan a market using tools
                     including STEEPLE (sociocultural [or social], technological, economic,
                     environmental, political, legal/regulatory, and ethical) and strengths,
                     weaknesses, opportunities, and threats (SWOT) analyses

                  
                  

               
               
               
               	
                  
                  
                  Customize a distribution network design
                     process to fit an organization’s unique logistics needs

                  
                  

               
               
               
               	
                  
                  
                  Apply total cost integration and systems
                     philosophies to facilities planning

                  
                  

               
               
               
               	
                  
                  
                  Use the organization’s business strategy and
                     the customers’ transportation requirements to drive the selection of tradeoffs and
                     the number of facilities

                  
                  

               
               
               
               	
                  
                  
                  Design the network to meet inventory-level
                     goals by determining where inventory should be located and how frequent and large
                     orders should be

                  
                  

               
               
               
               	
                  
                  
                  Modify initial network designs to account for
                     a host of deployment considerations such as proximity, labor rates, taxes,
                     etc.

                  
                  

               
               
               
               	
                  
                  
                  Ensure a smooth site acquisition process by
                     reviewing key factors at the national, regional, and local site selection
                     levels

                  
                  

               
               
               
               	
                  
                  
                  Use tools and techniques such as cost-volume
                     analysis or the weighted factor rating method to design optimum networks of nodes
                     and links

                  
                  

               
               
               
               	
                  
                  
                  Understand the concepts behind optimization,
                     simulation, and heuristic network design modeling tools

                  
                  

               
               
               
               	
                  
                  
                  Validate that a network (re)design is
                     performing to expectations.

                  
                  

               
               

            
            
            
            The task of network design—which was already
               incredibly complex—is becoming ever more complex and challenging in the global economy.
               This section helps break down that complexity into an analysis of planning factors.
               Quantifying these planning factors is the key to transforming this daunting task into
               a
               series of achievable steps.

            
            
            
            The section reviews the process that logistics
               professionals need to use to move from the organization’s as-is state to its to-be
               state, including implementation. Part of implementation is actual site selection,
               so
               there is a discussion of some considerations to ensure that this goes smoothly. Some
               sophisticated modeling tools are also outlined that can help simplify these highly
               complex and interrelated decisions.

            
            

         
         
         
         
   
      
         
         
         
         Design or Redesign a Logistics
            Network

         
         
         
         
            
            
            Network design or redesign is primarily a strategic-level process. Decisions made
               regarding
               what parties to include in the network and its size, physical assets, flexibility,
               and other
               characteristics fix in place most of the network’s cost characteristics. This includes
               not
               only fixed costs such as for a warehouse but also the range over which variable costs
               can be
               expected to vary. For example, the length of many line hauls will be determined. It
               is vital
               to get these decisions right because the network will be living (or dying) with these
               decisions until the organization and its supply chain partners decide to engage in
               redesign.

            
            
            
            Here we look at reasons for redesigning a logistics
               network and we walk through the steps in the network design process.

            
            

         
         
         
         
         
            
            
            Reasons for Redesigning a Network

            
            
            
            
               
               
               According to the ASCM Supply
                     Chain Dictionary,
                  network design in logistics involves

               
               
               
               
                  
                  the design and periodic review of inbound and outbound
                     transportation networks—all types of warehouses by number, location, size, layout,
                     and
                     optimum mix of inventory levels per location—to meet the organization’s strategic
                     goals.
                     Considerations are made to balance tradeoffs among warehouse costs, transportation
                     times
                     and expenses, and customer service goals.

                  

               
               
               
               Exhibit 9-22 shows how network design is a component of logistics that is just as important
                  to success as wisely managing the other logistics areas that are shown. Making capital
                  investments and investing in the digital transformation of the supply chain and logistics
                  can result in an efficient and effective network for serving the organization’s customer
                  segments. If it is well designed, the network will also have room to grow or change
                  to keep
                  pace with evolving customer requirements. Conversely, a poorly designed or obsolete
                  network
                  will not be able to be improved beyond a certain point using just continuous improvement
                  and
                  management techniques. 

               
               
               
               
                  Exhibit 9-22: Logistics Components[image: This graphic is a Venn diagram depicting the five key components of logistics: network design, inventory, order processing and logistics-related customer service, transportation, and warehousing, materials handling, and packaging. Each of these components is represented by a circle which overlaps with one or more of the others, indicating the interconnectivity of logistics processes.]
               
               
               
               
               Successful organizations periodically reassess their
                  distribution networks for a number of reasons:

               
               
               
               
                  
                  
                  	
                     
                     
                     First, customers continue
                        to increase their expectations. Customers may have grown accustomed to having more
                        choices, such as the same-day delivery a competitor offers.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Second, organizations often need to transform their
                        networks because of mergers and acquisitions. Mergers may increase the number of
                        facilities substantially, and organizations will get the true benefits of economies
                        of
                        scale only if they remove redundancy. Even organizations that have grown on their
                        own
                        may find that they can achieve high customer service levels with far fewer
                        warehouses.

                     
                     

                  
                  
                  
                  	
                     
                     
                     A third common reason for a redesign is that freight
                        volumes may have shifted due to an increasing rate of change and volatility. This
                        includes higher levels of international trade, volatile prices, new international
                        trade
                        strategies, changes in suppliers, introductions of new product lines, or shifting
                        customer demographics. The existing network may no longer be optimal, and only a
                        detailed analysis will determine how to fix it. There may come a time when a network
                        needs to be discontinued entirely. In these situations, relationships must be terminated
                        and inventory disposed of in a planned way.

                     
                     

                  
                  

               
               
               
               When designing or redesigning a logistics network,
                  the goal is to be low in total cost yet flexible. A high degree of integration and
                  sophistication is necessary to provide the desired flexibility, but beware of needless
                  complexity, which introduces bureaucracy and actually reduces flexibility. Networks
                  that are
                  lean will respond faster to demand changes. Overly simple networks can also fail to
                  provide
                  sufficient logistics services, so a delicate balancing act is required.

               
               

            
            

         
         
         
         
            
            
            Logistics Network Design Process

            
            
            
            
               
               
               Network design or redesign typically requires the use of digital
                  transformation, and this often involves the larger project management processes of
                  program
                  or portfolio management to coordinate or orchestrate the multiple projects that will
                  be
                  needed to achieve the overall goal. Here is a road map of how to conduct digital
                  transformation for a supply chain:

               
               
               
               
                  
                  
                  	
                     
                     
                     Create the rationale and urgency for supply chain
                        transformation.

                     
                     
                     
                     
                        
                        	
                           
                           
                           Recognize the need for transformation,
                              develop or acquire transformational leadership, build support, and educate
                              stakeholders and teams.

                           
                           

                        
                        
                        	
                           
                           
                           Understand organizational and supply chain
                              strategy.

                           
                           

                        
                        
                        	
                           
                           
                           Carefully define the problem to be
                              solved.

                           
                           

                        
                        
                        	
                           
                           
                           Develop key team roles: evangelist
                              (champion), active executive sponsor, core steering team, and design team.

                           
                           

                        
                        
                        	
                           
                           
                           Use value propositions, frameworks, maturity
                              models, supply chain capability models, and tools that enable a detailed analysis
                              of
                              value streams and the desired conceptual process for each supply chain in the to-be
                              strategy.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Prepare for supply chain transformation.

                     
                     
                     
                     
                        
                        	
                           
                           
                           Develop a project portfolio charter and hold
                              a kickoff.

                           
                           

                        
                        
                        	
                           
                           
                           Scan the market for transformation drivers,
                              including market changes, technological advancements, and societal environment
                              (social imperatives such as sustainability) versus task environment (all external
                              stakeholders).

                           
                           

                        
                        
                        	
                           
                           
                           Assess the supply chain current state,
                              analyze gaps, and do maturity assessments.

                           
                           

                        
                        
                        	
                           
                           
                           Develop a new set of metrics for both as-is
                              and to-be measurement, map as-is processes, and model/analyze alternatives. Be sure
                              to set standardized metrics that have explicit definitions of what is and is not in
                              the metric and use an integrated measurement model that has lower levels of metrics
                              to cascade up to strategic-level metrics (note that SCOR DS, addressed elsewhere,
                              satisfies these requirements).

                           
                           

                        
                        
                        	
                           
                           
                           Identify transformation initiatives, collect
                              data, and set priorities.

                           
                           

                        
                        
                        	
                           
                           
                           Create portfolio plans (e.g., resources,
                              governance), a project portfolio road map, and a detailed business case that aligns
                              with corporate strategy and presents estimated project budgets.

                           
                           

                        
                        
                        	
                           
                           
                           Draft execution plans and prioritize projects
                              in the portfolio.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Execute the supply chain transformation.

                     
                     
                     
                     
                        
                        	
                           
                           
                           Tailor and roll out change management,
                              communications, and training.

                           
                           

                        
                        
                        	
                           
                           
                           Engage stakeholders throughout the
                              transformation process.

                           
                           

                        
                        
                        	
                           
                           
                           Decompose supply chain value streams and
                              create detailed to-be process maps.

                           
                           

                        
                        
                        	
                           
                           
                           Conduct pilot projects.

                           
                           

                        
                        
                        	
                           
                           
                           Implement individual projects: charter,
                              design, pilot, test, and deploy.

                           
                           

                        
                        
                        	
                           
                           
                           Scale up to enterprisewide solutions.

                           
                           

                        
                        
                        	
                           
                           
                           Disband teams formed to implement individual projects.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Review the supply chain transformation.

                     
                     
                     
                     
                        
                        	
                           
                           
                           Reassess transformation maturity, evaluate
                              results, and provide feedback and lessons learned.

                           
                           

                        
                        
                        	
                           
                           
                           Sustain improvements, implement corrective
                              actions, and identify future initiatives.

                           
                           

                        

                     
                     

                  
                  

               
               
               
               Exhibit 9-23 provides a simplified version of a logistics
                  network design process. 

               
               
               
               Note how the process includes feedback loops. This
                  process is iterative, and there may be a loop back or an entire second pass to refine
                  earlier steps as needed. Also, once the process is done, lessons learned will help
                  keep
                  people accountable for results and to refine the process.

               
               
               
               
                  Exhibit 9-23: Logistics Network Design Process[image: This graphic outlines the logistics network design process in four key steps. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               

            
            

         
         
         
         
            
            
            Form Project Team and Set Scope, Milestones, Budget.

            
            
            
            
               
               
               Given a rationale and a sense of urgency for change from executives,
                  logistics and supply chain management professionals will form a network design team,
                  perhaps
                  with representatives from manufacturing, a senior management champion, and even supplier,
                  LSP/3PL, or customer representatives. Involving third-party participants such as LSPs
                  is
                  important because it helps develop the mindset that the best solution may not be internal.
                  Consultants may also have access to proprietary network design tools that can greatly
                  improve analysis.

               
               
               
               This team should start by laying out the objectives and the
                  high-level scope of the project, beginning with the end customer requirements in mind.
                  Since
                  network design projects are large and capital-intensive, use of a formal project manager
                  and
                  project processes is recommended. Project management processes are available as published
                  standards (e.g., the Project Management Body of Knowledge, also known as the PMBOK® Guide) that
                  can be adapted to the organization’s and project’s needs. 

               
               
               
               One of the key elements of project management is to start with a formal charter. A
                  charter
                  defines the scope of work, objectives, and end results at a high level, for example,
                  listing
                  project milestones. A charter needs a signature line that formally assigns a project
                  manager
                  and provides that person with staff and budget authority. It is also a place where
                  high-level constraints and risks can be set forth. A formal project mentality ensures
                  that
                  the work will proceed along a time line and be time-delimited. This will keep planning
                  from
                  going on indefinitely, for example.

               
               
               
               Once the overall framework for a project has been defined,
                  specific network design steps can be discussed and agreed upon among the team and
                  a formal
                  network design process can be distributed. For each step, the team defines the necessary
                  inputs, tools and techniques, and outputs. The inputs are what is needed to get started
                  with
                  the step, the tools and techniques are the specific network design tools that will
                  be used
                  and their parameters, and the outputs are the deliverables or reports being produced.
                  Often
                  these outputs become the inputs for the next step. The team can also decide that the
                  work
                  will proceed through the steps more than once. This way the prior steps can be refined
                  with
                  information gained from later steps and the plans can become more and more detailed.
                  For
                  example, it is usually too difficult to determine the cost to serve a customer for
                  a new
                  product family by sourcing every minor component from the start. Instead, the organization
                  should start with determining how to get the most critical components where they need
                  to be
                  first (at an acceptable price), test for feasibility, and then continue if this go/no
                  go
                  decision point results in a go decision.

               
               
               
               In general, it is important to ensure that the process is
                  linked to the organizational and logistics/supply chain strategies. The overall strategy
                  can
                  be listed, and each objective can be linked back to show how it supports specific
                  parts of
                  the strategy. More detailed requirements can also be drawn up that are also linked
                  to the
                  objectives. These requirements should be measurable so that the team can prove whether
                  they
                  have been met at the project’s end. Being specific about what should be achieved can
                  help
                  when determining the relative success of the project. If objectives are vague or
                  requirements cannot be tested, even an improvement in the network may not be considered
                  a
                  success; for example, some decision makers could feel that it could have been even
                  more
                  successful. It is vital to determine senior management’s expectations and then get
                  them to
                  agree to them in writing so there can be no misunderstanding as the work is proceeding.

               
               
               
               Clear objectives will also prevent scope creep, which
                  is defined in the ASCM Supply Chain Dictionary as follows. 

               
               
               
               
                  
                  The informal addition of unfunded features and services to a project. Scope creep
                     is
                     closely monitored and controlled to ensure that agreed-upon output of a project can
                     be
                     achieved within the budgeted timeline and costs.

                  

               
               
               
               The key to this definition is unfunded, but lack of additional schedule and staff
                  could
                  also be issues. For example, perhaps senior management decides later that the information
                  system also needs an upgrade. This may be true, but it needs to be scoped and be assigned
                  sufficient people, time, and money. If these things are not approved, the project
                  manager
                  needs to defer such additions until the current project is complete. Scope creep is
                  a
                  primary reason for project failure.

               
               
               
               The remaining steps in the network design process can be
                  thought of as a framework to be adapted to the current project’s needs.

               
               

            
            

         
         
         
         
            
            
            Identify Drivers for Change

            
            
            
            
               
               
               Here are some common high-level drivers of supply chain
                  change:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Competitive advantage.
                           
                        Organizations may be
                           undertaking major organizational changes, setting a new strategy for entering global
                           markets, creating a new network with distinct capabilities such as a cold chain, or
                           installing new information systems to create competitive advantage. Revamping the
                           logistics network at these times makes sense. Competitive advantage may also come
                           from
                           new value-added services, given that they can be provided at a competitive price.
                           For
                           example, shifting to air freight for high-value light goods may represent better value
                           for customers.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Cost reduction.
                           
                         The main driver for cost
                           reduction is to become more profitable and competitive. Inflation also causes costs
                           to
                           increase incrementally, so more efficient networks may become necessary just for
                           continued viability.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Customer change.
                           
                        New or existing customers
                           may have new needs such as faster or more reliable service, new value-added services,
                           and/or better partnerships. Existing customers may have evolved, for example, by
                           growing into a larger organization and current service offerings may no longer suit
                           their needs.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Customer demographic change.
                           
                        Customers may now be
                           concentrated in different cities or regions, and new segments may exist. Globally,
                           the
                           organization may want to break in to new markets.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Supply market change.
                           
                         Lowest-cost labor
                           sources shift, as do the lowest-cost sources of natural resources. Since landed costs
                           are dependent on shipping costs and import duties, these factors together with the
                           cost and availability of supplies affect the selection of supply sources. Supply
                           market change is also about risk. After COVID-19 caused availability issues, the
                           supply market did change to avoid risk even though this often required accepting
                           higher landed costs.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Manufacturing process change.
                           
                        Lean and just-in-time
                           processes often require suppliers to relocate close to the manufacturer or parts
                           distributor so they can produce and ship in smaller quantities on demand with very
                           little lead time.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Mergers, acquisitions, divestitures, growth, downsizing.
                           
                        It is better to redesign
                           the network in advance of such changes so no one is caught by surprise and the
                           logistics network can continue to function throughout the change. For example, often
                           the predicted benefits of a merger depend on generating economies of scale by
                           eliminating duplicated efforts.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Sustainability changes.
                           
                        A sustainable product
                           design could require substantial supply chain changes. This could include requiring
                           suppliers to relocate closer to customers or markets to reduce the carbon footprint,
                           designing new methods of replenishment to require less handling, or needing to develop
                           a new reverse supply chain. 
                        

                     
                     

                  
                  

               
               
               
               
                  
                  Scanning the Market: STEEPLE and SWOT Analyses

                  
                  
                  
                  
                  An important part of identifying drivers for change is to scan the market. It is vital
                     for the organization to acquire up-to-date information on what should be driving the
                     transformation and how to set priorities. A scan of the external environment can use
                     tools
                     such as a STEEPLE analysis to ensure various categories of change drivers are explicitly
                     considered, as shown in Exhibit 9-24. STEEPLE stands for sociocultural (or social), technological,
                     economic, environmental, political, legal/regulatory, and ethical. A very similar
                     tool is
                     a PESTLE (or PESTEL) analysis, which has all the same categories except ethical. 

                  
                  
                  
                  
                     Exhibit 9-24: STEEPLE Analysis[image: The image depicts a company’s interaction with its macro environment using a circular diagram. The company is at the center, surrounded by a ring labeled “S T E E P L E.” Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  
                  These market scanning tools are often used to help
                     create a SWOT (strengths, weaknesses, opportunities, threats) analysis. The ASCM Supply Chain Dictionary defines a SWOT analysis as “an analysis of the strengths, weaknesses,
                     opportunities, and threats of and to an organization. SWOT analysis is useful in
                     developing strategy.”

                  
                  
                  
                  As seen in Exhibit 9-25, the SWOT analysis
                     is usually in the form of a quadrant in which distinctions are made between internal
                     versus external focus and positive versus negative points.

                  
                  
                  
                  
                     Exhibit 9-25: SWOT Analysis[image: A SWOT analysis matrix divided into four quadrants. The matrix is organized as follows: Top Left (Positive/Internal): “Strengths” labeled with “S,” indicating positive internal factors. Top Right (Negative/Internal): “Weaknesses” labeled with “W,” representing negative internal factors. Bottom Left (Positive/External): “Opportunities” labeled with “O,” showing positive external factors. Bottom Right (Negative/External): “Threats” labeled with “T,” indicating negative external factors.]
                  
                  
                  
                  
                  How are each of these determined?

                  
                  
                  
                  
                     
                     	
                        
                        
                        Internal strengths
                              and weaknesses are typically derived from comprehensive data collected about the
                           organization. This may include information on skill sets by function, professional
                           development and training activities, facilities, the company’s reputation or standing
                           in the community, and so on. Ideally, input from external customers and suppliers
                           provides substantiated evidence as to weaknesses in particular that can then be
                           appropriately addressed.

                        
                        

                     
                     
                     	
                        
                        
                        External
                              opportunities and threats are based on market trends and risk analyses.
                           Environmental scanning may be required to assemble data on external forces. This
                           involves performing a STEEPLE analysis or its equivalent. Collecting and analyzing
                           external data on market forces; demographic changes; changing customer needs;
                           competitor pricing and offerings; current and emerging technology; taxes, laws, and
                           regulations; legal liability; social, political, and economic conditions, and ethical
                           considerations.

                        
                        
                        
                        Opportunities can be acted upon to help move an
                           organization toward achieving its goals. However, if those opportunities are ignored
                           or improperly developed, they can transform into threats (like IBM giving Bill Gates
                           the green light to market his disk operating system [DOS] because they weren’t in
                           the
                           “software business”). Other opportunities may arise from competitors’ activities or
                           products or new markets or from other data seen during environmental scanning.

                        
                        
                        
                        Threats are the negative risks. External risks
                           include unforeseen events outside the control of an organization that can diminish
                           productivity, profits, or market share. Of course, there can be internal threats that
                           arise due to a company’s actions such as overzealous geographic expansion or excessive
                           outsourcing.

                        
                        

                     

                  
                  
                  
                  For example, a market scan can review specific countries’ exchange rates, volumes
                     of
                     e-commerce, trade lanes, and much more. A scan of the market and industry initiatives
                     can
                     also reveal what is relevant to customer requirements and expectations so that the
                     transformation process can avoid over-engineering low priority areas. After analysis,
                     the
                     organization will consider some of these areas to be internal strengths or weaknesses,
                     and
                     some will be considered external opportunities or threats. This will guide what
                     capabilities need to be improved and how the physical network needs to change to be
                     competitive.

                  
                  
                  
                  In
                     addition to learning more about the current state of the market, network design needs
                     to
                     consider the long term. Capital investments have a long payback period to recoup an
                     investment, and leases and contracts are often for extended periods. However, to the
                     degree possible, the network needs to be allowed to vary when necessary so it can
                     adapt to
                     new logistics requirements, new products, new customers or suppliers, new technology,
                     and
                     competitor actions. While the current political, economic, and regulatory climate
                     and
                     current commodity prices can be drivers for change, the organization needs to assess
                     how
                     its network will fare when these things change again. This is one reason why use of
                     LSPs/3PLs is so attractive, since the network can be more agile.

                  
                  
                  
                  One way of evaluating the need for change is to
                     determine how long it has been since the network was last evaluated or changed. As
                     the
                     pace of change quickens, obsolescence and inefficiency arrive sooner. Any network
                     that has
                     not been changed in years will need serious evaluation.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Understanding As-Is and Planning to To-Be States

            
            
            
            
               
               
               
                  
                  Audit As-Is Network

                  
                  
                  
                  
                  Once
                     the reasons for network change are established, the organization will be motivated
                     to take
                     the time and expense of auditing the costs, lead times, and other service parameters
                     of
                     its existing network. It is important to map the organization’s logistics processes
                     comprehensively. Here are suggested steps in an as-is audit:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Gather data and business information.

                        
                        

                     
                     
                     	
                        
                        
                        Map the current system using the metrics that will
                           be used to assess the new network going forward (using the same metrics for the as-is
                           and to-be states will measure the success of the transformation) as well as the
                           network’s nodes and links. Exhibit 9-26 shows an example of an as-is map for Sample, Inc., a distributor of
                           automotive and marine fluids and lubricants. This example uses high-level SCOR DS
                           process codes to describe the processes performed at each node. Note the relatively
                           high amounts for inventory days of supply in the triangles.

                        
                        

                     
                     
                     	
                        
                        
                        Describe the network’s key activities and
                           functions.

                        
                        

                     
                     
                     	
                        
                        
                        Measure and evaluate against benchmarks.

                        
                        

                     
                     
                     	
                        
                        
                        List current gaps between strategy and actual
                           capacity.

                        
                        

                     
                     
                     	
                        
                        
                        Generate tactical plans for closing the gaps,
                           including by creating an initial to-be state that will be refined.

                        
                        

                     

                  
                  
                  
                  
                     Exhibit 9-26: Sample, Inc., As-Is West Coast Distributor Supply Chain Geographic Map
                        with Inventory Days[image: A map showing the supply chain network of Sample, Inc. It includes various locations and their connections. The map also shows days of inventory at each location, indicated by triangles.]
                  
                  
                  
                  
                  Each node or link would likely also be listed with an
                     identifier, along with distance and/or cost information. While not shown in the examples
                     above, other nodes that may be important to be included are shipping ports, airports,
                     or
                     other transportation terminals. Step 3 (describe the network) could complement this
                     type
                     of map by providing narrative information regarding the current service levels, types
                     of
                     services, general layout and makeup of each node, and types of transportation modes
                     and
                     specific carriers used (and percentage of volume shipping). For step 4 (measure against
                     benchmarks), benchmarks could be internal strategic goals, competitors’ service levels
                     and
                     costs, or industry standards. Measurements would state current performance as well
                     as
                     variance from these benchmark levels. Steps 5 and 6 are the real outputs or deliverables
                     from this process. Step 5 (list gaps) produces a gap analysis, showing where there
                     is the
                     greatest room for substantial improvements, such as opportunities for loaded backhauls
                     or
                     the ability to fulfill demand from multiple warehouses. These can be expressed using
                     metrics or qualitative assessments. Step 6 (plans to close gaps) provides the key,
                     measurable objectives that any network alternative would need to address.

                  
                  
               
               
               
               
                  
                  Assess Network Alternatives.

                  
                  
                  
                  
                  Various modeling techniques can be applied to assess network
                     alternatives. Examples of these, such as simulation or optimization tools, are discussed
                     elsewhere. The goal is to find the optimal cost efficiency at the selected strategic
                     service levels and/or to model the to-be system to test for the effect of variations
                     in
                     parameters such as changing fuel prices or labor costs. Each alternative also needs
                     to be
                     compared to the various objectives outlined earlier in the process to ensure that
                     it can
                     address these goals. The result should be recommendations for the number of facilities
                     and
                     their general purpose and location, including any new overseas facilities if manufacturing
                     or new markets are planned in global regions.

                  
                  
               
               
               
               
                  
                  Plan Facilities.

                  
                  
                  
                  
                  Planning facilities occurs at this point, as is
                     discussed elsewhere. The idea is to start with quantitative analysis, add qualitative
                     factors, and then continue narrowing down the list until you have some specific location
                     alternatives. A location selection team might be formed to scout locations based on
                     the
                     prioritized selection criteria and analysis results. Once facility locations are
                     determined, it may be necessary to iterate back through the earlier design steps and
                     further refine related plans.

                  
                  
               
               
               
               
                  
                  Finalize To-Be State.

                  
                  
                  
                  
                  The team presents its findings to decision makers, who
                     may ask for further analysis and a return to planning or could make minor changes
                     and
                     accept the recommendations. For example, finding ways to leverage certain existing
                     assets
                     may be a necessary change to control capital costs. Use of third parties may also
                     be part
                     of the final plans. Once the final plans are signed off on, implementation can begin.
                     Note
                     that these are still fairly high-level plans. The detailed planning for specific projects
                     occurs as part of individual project implementation.

                  
                  
                  
                  Exhibit 9-27 shows a finalized
                     to-be map for Sample, Inc. that includes new supply chain flow routes from other
                     warehouses that can now perform cross-DC picking to better serve customers based on
                     their
                     lead-time requirements. They also set ambitious targets for the number of days of
                     inventory to store at each location, now just 27 days in total (down from 80 days
                     in total
                     in as-is model) to reduce their cash-to-cash cycle time.

                  
                  
                  
                  
                     Exhibit 9-27: Sample, Inc., To-Be Plans with New Links to Customers and New Days of
                        Inventory Targets[image: A map showing the supply chain network of Sample, Inc. It includes various locations and their connections. The map also shows target days of inventory at each location, indicated by triangles.]
                  
                  
                  
               
               

            
            

         
         
         
         
            
            
            Execution and Review Steps

            
            
            
            
               
               
               Execution steps involve some additional detailed planning. Projects that have made
                  it
                  through the prior phase gates can now have their value streams designed in greater
                  detail.
                  Doing so earlier would waste development time, because some of the projects being
                  developed
                  might be canceled or postponed. After the individual projects are conducted and completed,
                  these individual project teams disband. However, the review steps at the end are for
                  the
                  larger project portfolio, so this step occurs once all of the individual projects
                  are
                  complete.

               
               
               
               
                  
                  Decompose Supply Chain Value Streams and Create Detailed To-Be Process Maps.

                  
                  
                  
                  
                  The ASCM Supply Chain Dictionary defines value stream as follows.

                  
                  
                  
                  
                     
                     The processes of creating, producing, and delivering a good or service to the market.
                        For a good, the value stream encompasses the raw material supplier, the manufacture
                        and
                        assembly of the good, and the distribution network. For a service, the value stream
                        consists of suppliers, support personnel and technology, the service producer, and
                        the
                        distribution channel. A value stream may be controlled by a single business or a network
                        of several businesses.

                     

                  
                  
                  
                  A value stream is an extended supply chain process needed to bring products and services
                     to the market (as opposed to a process confined to a specific functional area). These
                     value streams may involve external supply chain participants and therefore willing
                     external parties may be involved in value-stream improvement projects. 

                  
                  
                  
                  Decomposing this value stream involves designing the steps and substeps in these extended
                     processes, including making detailed to-be process maps for specific processes, creating
                     RACI charts (responsible, accountable, consult, and inform) to indicate roles, mapping
                     actual ERP processes and SCOR DS metrics, and so on. Unlike the to-be map shown in
                     an
                     earlier planning step, these process maps are far more detailed and specific to a
                     given
                     process. For example, rather than setting high-level goals for inventory days of supply
                     reductions, these plans focus on specific process improvements to get to these goals,
                     such
                     as a project to enable cross-DC picking or a project to make non-strategic inventory
                     reductions using ABC inventory on consignment stocks.

                  
                  
               
               
               
               
                  
                  Conduct Pilot Projects.

                  
                  
                  
                  
                  One or more pilot projects are often conducted at this point both as a proof of concept
                     and to help the implementation team refine their methods.

                  
                  
               
               
               
               
                  
                  Develop and Implement Plans as a Series of
                     Projects.

                  
                  
                  The network (re)design plan will likely be implemented as a
                     series of discrete projects, such as adding a new process, adding or upgrading software,
                     acquiring new facilities, or modifying existing ones. Given refinements, each remaining
                     project will need its own funding and time lines and so on. A portfolio or program
                     manager
                     will use an overall implementation plan or road map to guide the order of projects
                     and
                     track their progress against the overall network objectives. Some projects could be
                     changed in priority or canceled.

                  
                  
                  Once the projects are under way, the network planning team can
                     gather lessons learned and use them to refine future projects prior to disbanding.

                  
               
               
               
               
                  
                  Disband Project Team(s).

                  
                  
                  The project team(s) are disbanded upon completion of their
                     assigned work. This is a time to celebrate team and individual successes to ensure
                     that
                     team members feel valued for their positive contributions. It may also be appropriate
                     to
                     provide performance reviews to team members and meet with the supervisors of team
                     members
                     who are returning to functional area duties to ensure that project performance is
                     reflected in their overall assessments and career progression. The project manager
                     makes a
                     final report to the project sponsors, archives records, performs a lessons-learned
                     analysis, and formally closes the project.

                  
               
               
               
               
                  
                  Review the Supply Chain Transformation.

                  
                  
                  A final best practice of any large initiative is to track
                     results over time and compare them to the original goals. While the “disband project
                     team”
                     step includes its own lessons learned for each individual project, this review step
                     typically occurs outside the normal project format because most of the project team
                     members will no longer be needed. It is important to review long-term results after
                     sufficient time has passed (e.g., a year) so there is relevant real-world data to
                     analyze.
                     This step may involve just one or a few responsible persons or it could be its own
                     small
                     project. Knowing where estimates were off will help refine future estimations on projects.
                     It will also help keep estimators honest if they know that their estimates will be
                     reviewed later against actual results.

                  
               
               

            
            

         
         
   
      
         
         
         
         Evaluate Network and Transportation
            Requirements

         
         
         
         
            
            
            We begin with a method of reassessing business strategy
               and customer requirements to ensure that the true cost of a targeted service level
               is one
               the organization is willing to accept. After these strategic and customer focus
               considerations, transportation is a primary driver of logistics costs. Therefore it
               is the
               next most important thing to consider when determining the network’s appropriate general
               size. 

            
            

         
         
         
         
         
            
            
            Business Strategy, Objectives, and Customer Requirements

            
            
            
            
               
               
               Business strategy related to supply chain network design involves
                  determining which customer segments the organization will serve and grouping one or
                  more
                  segments into a supply chain based on their logistics operations requirements. More
                  than one
                  supply chain may be needed to serve all customer segments; determining the proper
                  number of
                  distinct supply chains is a strategic objective, as is prioritizing which supply chain
                  to
                  design first. 

               
               
               
               Design teams have discussions with current or potential
                  customers and do other types of market research to discover customers’ logistics service
                  preferences. Then, customers with similar enough logistics requirements are grouped
                  together
                  into an operationalized customer segment, and it is given a meaningful name (e.g.,
                  West
                  Coast bulk chemicals; Big box staple items retail distribution). Since one supply
                  chain for
                  each identified segment might be too many supply chains, segments with similar needs
                  can
                  each be assigned to a single potential supply chain, with other groups of segments
                  forming
                  one or more other supply chains. If the number and type of supply chains are acceptable
                  from
                  a strategic objectives perspective and the business case looks solid, the next step
                  is to
                  determine which supply chain to design first. This usually occurs by estimating which
                  supply
                  chain transformation will provide the most financial value for the investment. It
                  is
                  typically a mistake to pick the “squeaky wheel” supply chain to design first. While
                  such a
                  supply chain clearly has issues, improving it may not have nearly the same impact
                  on the
                  bottom line that improving a much more financially important supply chain might have.

               
               
               
               A strategy for a specific supply chain needs to designed with the end in mind. That
                  is,
                  what is its primary purpose? The SCOR DS performance attributes of reliability,
                  responsiveness, agility, cost, profit, assets, environmental, and social can be used
                  along
                  with knowledge of customer segment requirements to set priorities of superior (>90
                  percent of competitors), advantage (>70 percent), and parity (>50 percent) in these
                  various categories based on competitive benchmarking. Here are some examples of supply
                  chain
                  network strategies that could be used depending on the customer segments the organization
                  is
                  trying to serve:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Low-cost-strategy.
                           
                         Superior in cost,
                           advantage in assets and reliability, and parity for other areas.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Customer with high demand variability strategy.
                           
                        Superior in agility,
                           advantage in responsiveness and reliability, and parity for efficiency areas.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Project-driven customers (e.g., construction industry) strategy.
                           
                        Superior in reliability,
                           advantage in agility and responsiveness, and parity in efficiency areas.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Customer-supplier long-term collaboration strategy.
                           
                         Superior in profit,
                           advantage in reliability and (for example) sustainability, and parity in other
                           areas.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Customers needing innovative or emergency capacity strategy.
                           
                         Superior in agility,
                           advantage in responsiveness and assets, and parity in other areas.
                        

                     
                     

                  
                  

               
               
               
               Once a single supply chain is being considered, the network design process involves
                  setting
                  a desired service level relative to operational customer segment requirements for
                  levels and
                  types of service and then assessing the costs of this service. These costs can then
                  be
                  compared to the revenue levels that would need to be generated to ensure profitable
                  operations. A service level might be stated as 90 percent of customers getting their
                  goods
                  within 72 hours of order receipt at an average inventory fill rate of 94 percent.
                  The cost
                  of providing this and higher and lower levels of service needs to be quantified in
                  terms of
                  how far warehouses need to be from customers and therefore how many warehouses are
                  needed.
                  Another way of impacting service levels is to set inventory strategies for safety
                  stock
                  levels. Adjusting these two levers properly should allow the organization to generate
                  a
                  strategic advantage through their service levels at a low enough cost to remain
                  profitable.

               
               
               
               The steps in forming a single supply chain’s network
                  design are:

               
               
               
               
                  
                  
                  	
                     
                     
                     Determine customer requirements
                        and network servicing expectations.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Calculate the threshold
                        service level (lowest total cost network) and determine network capabilities.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Use a sensitivity analysis
                        to adjust factors one at a time and determine the incremental cost difference of
                        increasing any given factor.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Present the alternatives and
                        their cost differences and finalize strategy.

                     
                     

                  
                  

               
               
               
               Each of these steps is discussed next.

               
               
               
               
                  
                  Determining Customer
                     Requirements and Network Servicing Expectations

                  
                  
                  
                  The design objective for a single proposed supply chain is to determine the chosen
                     customer segment(s) requirements for minimum acceptable service levels, including
                     network
                     servicing expectations. Information on maximum acceptable lead times for various types
                     or
                     classes of goods is an example of a customer requirement. Network servicing expectations
                     could be agreements with customers regarding how frequently you will provide shipments,
                     or
                     they could be based on industry standards or what competitors are offering. For example,
                     you may agree to provide one shipment per week. Other organizations or consumers may
                     expect next-day turnaround or same-day delivery. This information is needed before
                     you can
                     determine how many DCs will be needed to establish a threshold service level in the
                     next
                     step.

                  
               
               
               
               
                  
                  Calculating Threshold Service
                     Level and Determining Network Capabilities

                  
                  
                  The
                     threshold service level is the cheapest possible way of serving all customers in the
                     segment considering the costs of transportation and warehousing together at a given
                     level
                     of safety stock, delivery timing, and frequency. Proximity of warehouses to customers
                     is a
                     primary driver of these costs. For the initial analysis, a certain level of safety
                     stock
                     availability needs to be assumed. This can be a percentage availability rate based
                     on
                     industry standards, or, if an existing system is being transformed, it can be based
                     on the
                     current safety stock availability. Both lead time variability and demand uncertainty
                     affect this availability rate.

                  
                  
                  To determine pure cost
                     tradeoffs, the organization can map its customer territories using economic maps of
                     costs.
                     Exhibit 9-28 provides an example of this method for a direct distribution network
                     that has most of its customers in urban areas. In the exhibit, there are three
                     concentrations of customers representing three nearby cities. While cities tend to
                     have
                     higher labor costs, it is sometimes still cheaper to have a warehouse in an urban
                     area due
                     to the reduced transportation distances to the majority of customers. In other cases,
                     particularly in retail fulfillment, cost maps could show that lowest costs occur when
                     warehouses start farther from customers in the countryside (lower DC costs and higher
                     transportation zone costs).

                  
                  
                  
                     Exhibit 9-28: Economic Cost Map[image: This graphic displays an economic cost map, illustrating three different zones (A, B, and C) with varying cost contours surrounding them. Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  An economic cost map will tally all costs of warehouses and
                     transportation to customers from a set of given warehouse locations. The costs listed
                     by
                     the DCs indicate the total per average item for inventory carrying cost and DC storage
                     costs before transportation. The cost in each ring is this cost plus transportation
                     costs
                     for customers within that ring. The successive rings show where costs increase due
                     to
                     farther distances traveled or other factors such as traffic delays or geographic barriers
                     like rivers (thus the irregular shape). Where DC territories overlap, the territory
                     with
                     lowest cost wins the customers. Note that where two areas are next to one another,
                     two
                     facilities could serve a customer for an equal cost. However, at this point the delivery
                     time is not being considered; one facility might ship to that boundary faster than
                     another.

                  
                  
                  Note that this type of map is usually an
                     amalgam of multiple products and multiple customer segments (the ones chosen for this
                     potential supply chain network). This is the cost for an average order to an average
                     customer. More nuanced analyses might prepare maps for various order size ranges,
                     since
                     the zones will differ as order sizes increase.

                  
                  
                  While this least-cost network places cost above all other considerations by definition,
                     customers in zones closer to DCs will also likely receive excellent service as measured
                     by
                     delivery time, with times increasing as distances grow greater. However, there can
                     still
                     be inconsistencies within a given zone. A zone map that located DCs in the countryside
                     would have less ability to provide fast service to its largest customer areas directly,
                     but its retail locations would likely also be mapped, and they would provide the fast
                     service. Thus it is difficult to simultaneously provide lowest-cost direct fulfillment
                     and
                     lowest-cost retail fulfillment with the same DCs (and service levels will also
                     vary).

                  
               
               
               
               
                  
                  Using Sensitivity
                     Analysis

                  
                  
                  A sensitivity analysis uses a model
                     (e.g., a worksheet model) of a system in which one parameter is varied and other things
                     are held constant to see the effects on the rest of the system.

                  
                  
                  In a sensitivity analysis to analyze threshold service levels, the
                     number of warehouses is varied to see the impact on service time and cost. This is
                     a
                     marginal cost analysis, meaning that the cost of adding one more unit (warehouse)
                     is
                     compared to the added benefit received from that unit. (The marginal cost is compared
                     to
                     the marginal benefit.) The benefit is reduced service time and presumably more customers
                     due to higher customer satisfaction. Marginal cost analysis will show diminishing
                     returns
                     after a certain point, where the cost of adding one more unit produces higher costs
                     but
                     not proportionately higher benefits.

                  
                  
                  For
                     example, an analysis might be made based on the percentage of customers who experience
                     an
                     order cycle duration of one day, two days, three days, and four days, as is shown
                     in Exhibit 9-29. The relative amount of safety stock needed for each given number of DCs is
                     also calculated (with three DCs set at 100 percent and the other numbers of DCs being
                     set
                     relative to that base level) to show how costs increase, but of course other costs
                     such as
                     DC capital costs and labor would need to be factored in.

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 9-29: Sensitivity Analysis of DCs to Safety Stock Levels and Order Cycle Durations
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                  Exhibit 9-30 shows the same information in chart form.

                  
                  
                  
                  
                     Exhibit 9-30: Order Cycle Durations Get More Reliable as More DCs are Added[image: A line chart illustrating the impact of adding more distribution centers (DCs) on safety stock and order cycle reliability across different order cycle durations. Go to long description for more details.]Go to long description.

                     
                  
                  
                  Note how when you move from three to four DCs
                     there is a significant increase in the percentage of customers experiencing improved
                     order
                     cycles but the difference between six and seven DCs is minimal. However, safety stock
                     cost
                     continues to increase steadily.

                  
                  
                  The cost of safety stock in the
                     exhibit is calculated using a formula called the square root
                        rule, first proposed by Maister and defined in
                     the ASCM Supply Chain Dictionary as “a technique that
                     assists planners with calculating the change in total safety stock needed to maintain
                     customer service levels within a distribution network when the number of stocking
                     locations is changed.” The formula observes a phenomenon called the portfolio effect.
                     The
                     formula follows (with an example of the first calculation from the
                     exhibit).

                  
                  
                  
[image: ../images/8a-3_1_-_business_strategy_objectives_and_customer_requirements_01_id179U90LF05Z_mathml_100_width_1610.png]


                  
                  
                  Note that this calculation
                     can use real safety stock numbers rather than percentages. The square root rule makes
                     several assumptions: Each DC has relatively equal demand that fits a standard bell
                     curve
                     (normal distribution), and demand at each new warehouse is independent (not correlated
                     with that of the other DCs). In other words, adding more warehouses to the same area
                     will
                     cause each service area to shrink and not overlap. This estimate can then be modified
                     for
                     other known factors, such as customer and supplier lead times. Note that this method
                     should be viewed as a high-level estimate only. More nuance will need to be applied
                     during
                     detailed network planning to account for differences such as uneven demand patterns
                     across
                     the network.

                  
                  
                  After this high-level estimate,
                     planning in this area can include sensitivity analyses, such as holding the number
                     of DCs
                     constant and varying safety stock levels. This will provide some marginal benefits
                     at the
                     cost of more safety stock.

                  
                  
                  Another way to nuance
                     this analysis is to set different required service levels for different Pareto ABC
                     inventory categories, such as having A items be available at 96 percent, B items at
                     92
                     percent, and C items at 85 percent (and eliminating any obsolete inventory entirely).
                     This
                     can be accomplished by having different safety stock levels. (C is usually at zero.)

                  
                  
                  Finally, the fixed DC costs (including capital costs),
                     information system costs, inventory holding costs, local delivery costs, primary transport
                     costs, and the cost of lost customers can be summed to produce a total cost analysis,
                     as
                     shown in Exhibit 9-31. (Total cost is the top curve.) These costs can be compared to the
                     service levels provided as each DC is added. (Achieving very high service levels will
                     be
                     shown to become prohibitively expensive.) In this example, the lowest system cost
                     is
                     between three and five DCs.

                  
                  
                  
                     Exhibit 9-31: Total Cost Analysis Based on Number of DCs[image: This line chart illustrates how various costs and the total cost change with an increasing number of distribution centers (DCs), measured in thousands of US dollars. The total cost initially decreases with more DCs, reaching a minimum point, and then gradually rises again. Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  Note a few points about Exhibit 9-31 above. The inventory holding costs are shown as increasing less steeply than
                     the square root rule would imply, and they even start to decrease a little. This is
                     because holding costs are based on cycle stock (regular inventory), safety stock,
                     and
                     transit inventory. The bulk of these costs will be for cycle stock. Cycle stock is
                     based
                     on demand levels, so this category of inventory is not really affected by the number
                     of
                     warehouses in the system. Therefore, cycle stock forms a baseline cost at any number
                     of
                     warehouses. The costs related to safety stock increase continually but at a decreasing
                     rate. The transit inventory is the smallest component of inventory, and it decreases
                     at a
                     linear rate as delivery lead times decrease, thus somewhat reducing the inventory
                     holding
                     curve at higher numbers of warehouses.

                  
                  
                  Note also
                     that fixed storage costs are treated here as a linear cost for simplicity, but if
                     smaller
                     and smaller warehouses are needed, it might be shown as a curve that flattens out
                     as
                     warehouses are added.

                  
               
               
               
               
                  
                  Presenting Alternatives and
                     Finalizing Strategy

                  
                  
                  After analyses such as
                     these, the cost of each given service level can be quantified for decision makers
                     and
                     alternatives such as increasing DCs versus increasing safety stocks can be compared
                     directly. The organization will then select the strategy that best matches overall
                     competitive strategy while remaining cost-competitive.

                  
                  
                  
                  Exhibit 9-32 shows a prioritized project portfolio for Sample Inc., an automotive
                     and marine products distributor who is seeking to reduce its cash-to-cash cycle time
                     and
                     improve in other areas as well. Such a portfolio may go through several iterations.
                     

                  
                  
                  
                  Note that the following SCOR DS metrics are used in the exhibit: RL.1.1 Perfect Customer
                     Order Fulfillment (PCOF), RS.1.1 Customer Order Fulfillment Cycle Time (COFCT), AG.1.1
                     Supply Chain Agility (SCA), CO.1.1 Total Supply Chain Management Cost (TSCMC), and
                     AM.1.1
                     Cash-to-Cash Cycle Time (CCCT). CPFR is collaborative planning, forecasting, and
                     replenishment and VMI is vendor-managed inventory.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 9-32: Sample, Inc., First Draft of Prioritized Project Portfolio
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                                    1

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    CPFR

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Incorporate customer forecasts...
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                                    $244k
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                                    Ship to any customer...
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                                    1.0
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                                    –0.3%

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    5

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    3

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Increase Shipment Frequency

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Ship twice daily to customers...
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                                    –0.1%

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    4

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Supplier Collaboration

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Share 12-month rolling...

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    1%

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    2

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    0.6%

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    7

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    $85k
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                                    Improve VMI automation...
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                                    SUM of Benefits:

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    $4,610k

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    15%

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    3.1

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    5

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    3.0%

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    53

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    $648k

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Pro Forma
                                          Performance:

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    $48,578k

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    85%

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    9.1

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    30

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    5.0%

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    –1

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    $455k

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  
                  
                  One note regarding strategy is that most of these types
                     of analyses will take place in an existing organization that already has a logistics
                     network. The strategy that is chosen may not be the absolute best network but one
                     that
                     feasibly expands and improves the existing network (or shrinks and right-sizes it)
                     to the
                     degree possible considering the large investments required to change existing facilities
                     and fleets. However, just because inertia makes change hard does not make it unnecessary.
                     If the competition has a better network, they will be able to leverage those savings
                     into
                     lower prices or faster service. Doing little or nothing is generally
                     unsustainable.

                  
               
               

            
            

         
         
         
         
            
            
            Analysis of Transportation Requirements

            
            
            
            
               
               
               Transportation requirements are driven by the demand forecast and
                  demand management activities (sales strategy). The product family demand forecast,
                  plus
                  estimates of average quantities per order and order frequency, will provide the average
                  shipments per period. An analysis of the average distance of a customer from an average
                  DC
                  will provide data on the average transportation distance for a given mode. These elements
                  can then be combined to determine an aggregate transportation requirement for a network.
                  This requirement will need to be broken down into requirements per mode, and then
                  the
                  average rate per mode can be applied to estimate costs. Often these are grouped in
                  primary
                  transport (i.e., line haul/main leg) and secondary transport (i.e., last mile/local
                  delivery) segments. Secondary transport for the road modality may also include stem
                  and drop
                  distances that can be separately calculated.

               
               
               
               At a more detailed level of planning, specific
                  transportation lanes along with lane volumes can be assessed based on the demand forecast
                  for a specific product family. According to Supply Chain
                     Construction by William T. Walker, the place to start is to gather the requirements
                  for the highest-volume product family first and then consider other product families.
                  In an
                  existing network, the requirements for a new product family might also be prioritized.

               
               
               
               Both the aggregate and more detailed calculations will
                  need to estimate the proportion of journeys that will transport TL or FCL (entire
                  contents
                  devoted to a single shipper’s cargo) versus LTL or LCL loads, since this will heavily
                  impact
                  total transportation requirements. Similar full or partial loads for rail, barge,
                  and so on
                  can also be calculated.

               
               

            
            

         
         
         
         
            
            
            Transportation
               Network Design

            
            
            
            
               
               
               All transportation network
                  design decisions must take into account transportation’s effect
                  on the supply chain and inventory. The transportation mode selected
                  influences how quickly and efficiently products flow from one end
                  of the supply chain to the other. Research shows that the four most
                  important performance capabilities in transportation design are
                  accessibility, transit time, reliability, and product safety.

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Accessibility.
                           
                         Accessibility
                           describes a transportation mode’s ability to reach origin and destination facilities.
                           It also describes the level of service to be provided over the route. The geography
                           or
                           distance to be covered, the mode’s infrastructure, and government regulations all
                           affect mode selection.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Transit time.
                           
                         Transit time is the
                           total elapsed time between origin and destination (sometimes called door-to-door
                           time). It includes time required for pickup, terminal handling, line-haul movement,
                           and customer delivery. This is a key consideration, because longer transit times
                           require more inventory to be in the network at higher inventory carrying costs and
                           higher stockout costs (i.e., a failure of a delivery that takes 40 days is risk of
                           no
                           inventory for 40 days or need for expensive expediting). It also affects customer
                           satisfaction.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Reliability.
                           
                         Reliability is a
                           direct result of accurate transit time, and many organizations prefer reliability
                           over
                           speed. It refers to the consistency of transit time by selected mode and is measured
                           by transit time variations. Increased reliability makes it easier to forecast
                           inventory needs, production requirements, and safety stock.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Product safety.
                           
                         Safe product transport
                           is critical, because it influences customer service, costs, and the overall supply
                           chain. A product must arrive at the destination in the same condition it was in when
                           it left the origin. Many organizations address safety concerns with additional
                           packaging.
                        

                     
                     

                  
                  

               
               
               
               Exhibit 9-33 illustrates
                  how the modes of transport line up with these capabilities.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 9-33: Transportation Design Tradeoffs
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               Another tradeoff to be
                  considered in regard to transportation design is cost. Product value
                  is often compared against transport cost to determine if the transport
                  option is viable. If a company spends too much money on transport,
                  the product cannot be sold at a competitive price.

               
               

            
            

         
         
         
         
            
            
            Tradeoffs

            
            
            
            
               
               
               Tradeoffs between cost minimization and service levels are discussed
                  elsewhere. Selection of tradeoffs to match service level and total cost strategy will
                  influence how much transportation can be consolidated. High service strategies with
                  frequent
                  deliveries and short expected order cycles will result in fewer TL or CL deliveries
                  and thus
                  higher transportation expense. Lean and just-in-time systems or other decisions to
                  minimize
                  inventory can likewise result in fewer TL or CL shipments.

               
               
               
               When considering a system that has no safety stock, the
                  lowest total system cost will be very similar to the point of lowest transportation
                  cost.
                  Therefore, specifying the inventory availability and fill rate desired for customer
                  service
                  is a critical differentiator for tradeoff analyses.

               
               
               
               Exhibit 9-34 shows how a tradeoff analysis can
                  create a net positive impact even if some costs increase. In this example, the proposal
                  is
                  to move from three to five DCs, which will increase DC, inventory holding, and primary
                  transportation costs, but the sharp reduction in local delivery costs offsets these
                  increases and the total cost is lower. Note also that DC costs are capital expenses,
                  so a
                  view of just ongoing costs would look even more favorable.

               
               
               
               
                  Exhibit 9-34: Tradeoff Analysis Results Moving from Three to Five DCs[image: This bar chart compares total logistics costs between the current and new systems, showing the breakdown of costs associated with moving from three to five distribution centers (DCs). Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The basic concept is that adding warehouses can be
                  cost-justified only when their costs are more than offset by a reduction in primary
                  transportation and/or local delivery costs. Exhibit 9-35 shows how increasing the number of
                  DCs lowers local delivery costs but raises primary transport costs. However, total
                  transport
                  costs will fall at least initially as DCs are added.

               
               
               
               
                  Exhibit 9-35: Tradeoff of Primary and Local Transport versus Number of DCs[image: This line graph illustrates the tradeoff between total, primary transportation, and local delivery costs as the number of distribution centers (DCs) increases from 1 to 14. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The observation that many warehouses will result in lower
                  outbound transportation costs but increased inbound transportation costs might signal
                  a need
                  for a break-bulk center to allow the full shipments to arrive in one location and
                  then be
                  sent to the multiple facilities or customers. When it comes to warehouses that are
                  added to
                  increase the number of TL or CL loads (e.g., a consolidation, break-bulk, or cross-dock
                  center), the following calculation can be made to determine if the addition will be
                  a net
                  benefit:

               
               
               
               
                  
[image: ../images/8a-3_3_-_tradeoffs_01_id179U90Y60Y4_mathml_101_width_1827.png]

                  

               
               
               
               This equation states that if the sum (Σ) of the
                  calculation in the top line is less than or equal to the sum of the calculation in
                  the
                  bottom line, adding a warehouse to allow for full TL or CL shipments is justified.
                  The top
                  line calculates the sum of transportation and processing costs for volume shipments
                  (here
                  called TL, but these could be CL or full railcar, too) and divides this by the average
                  number of volume shipments to find the average cost of a volume shipment. It then
                  adds the
                  cost of the DC and local delivery from the DC for the average shipment. The bottom
                  line
                  represents the total cost of shipping all orders directly to customers, which is presumably
                  in LTL or LCL shipments for the average order.

               
               

            
            

         
         
         
         
            
            
            Inventory Locations and Levels, Order Size, Frequency

            
            
            
            
               
               
               There is a
                  direct relationship between the number of inventory holding locations and the total
                  inventory level, but order size per location, safety stock, and in-transit inventory
                  are
                  also factors. The equation for calculating the average inventory commitment of an
                  entire
                  network divides each inventory holding location’s order quantity by 2 to find the
                  average
                  and adds its safety stock and in-transit inventory. This process is repeated for each
                  holding location, and all are summed. The mathematical way of expressing this is as
                  follows,
                  where i represents a given inventory holding location:

               
               
               
               
                  
[image: ../images/8a-3_4_-_inventory_locations_and_levels_order_size_frequency_01_id179U95007HS_mathml_102_width_1899.png]

                  

               
               
               
               As DCs are added, base stock levels are not impacted
                  much, because aggregate levels are determined by manufacturing and transportation
                  lot sizes
                  rather than the number of DCs. However, when DCs split a service area into smaller
                  parts,
                  the customer base per DC will shrink and therefore each DC will hold less base stock
                  (unchanged in the aggregate but lower per location).

               
               
               
               As DCs are added, safety stock will rise, but the rate of
                  increase will start to taper off as more locations are added. Consider how this works
                  with
                  the square root rule discussed elsewhere. Moving from one to four DCs would be the
                  square
                  root of four divided by one, which results in 200 percent of the original aggregate
                  safety
                  stock. 

               
               
               
               
                  
[image: ../images/8a-3_1_-_business_strategy_objectives_and_customer_requirements_01_id179U90LF05Z_mathml_100_width_1610.png]

                  

               
               
               
               Each location needs a quarter of this, or 50 percent of the safety stock the original
                  location held. However, if going from one to eight DCs, the increase is 283 percent
                  and
                  dividing this by eight means that each DC needs just 35 percent of the single DC’s
                  safety
                  stock.   

               
               
               
               
                  
[image: ../images/8a-3_4_-_inventory_locations_and_levels_order_size_frequency_03_equation-block_f4r_r5r_tcc_mathml_104_width_1610.png]

                  

               
               
               
               Note how even though the number of DCs was doubled, the safety stock requirement was
                  not
                  doubled (i.e., it is not 400 percent). Therefore, the requirement per DC continues
                  to shrink
                  while the total requirement grows at a slower and slower rate. Thus each facility
                  will need
                  less and less safety stock. In-transit inventory levels will fall at a regular rate
                  because
                  the number of in-transit days will be fewer on average. However, the total of safety
                  stock
                  plus in-transit inventory will be dominated by the safety stock since there is so
                  much more
                  of it.

               
               
               
               Due to shorter distances to customers on average, adding
                  warehouses reduces order cycle time and in-transit time on the outbound side. Reducing
                  the
                  order cycle time will also reduce variability. Since orders arrive sooner, there will
                  be
                  less sales variability during that period and order variability will also be less.
                  This a
                  key reason why there is less need for safety stock per new location. Another reason
                  is that
                  the safety stock is calculated relative to the base stock level, which will also be
                  lower
                  per location, assuming that each additional DC serves a smaller market. So, while
                  each
                  location needs safety stock and the aggregate total increases, the rate of increase
                  tapers
                  off as more locations are added.

               
               
               
               However, assuming that each warehouse carries a full line
                  of inventory, adding warehouses increases order cycle time and in-transit time on
                  the
                  inbound side. This is because suppliers need to ship to multiple locations, and more
                  trips
                  add up.

               
               

            
            

         
         
   
      
         
         
         
         Evaluate Facility
            Requirements

         
         
         
         
            
            
            Different types of supply chains will have very different facility requirements.
               After addressing this distinction, we address geographical requirements for
               distribution or fulfillment networks, how to determine the right number of each type
               of facility that will be needed, and consider national or regional access to
               resources and infrastructure.

            
            

         
         
         
         
         
            
            
            Types of Distribution Strategies, Distribution Networks, and
               Order Fulfillment Channels

            
            
            
            
               
               
               Distribution strategies set general goals of the distribution network. A distribution
                  network implements these strategies. An order fulfillment channel describes specific
                  routes within a larger distribution network that has multiple channels and
                  processes. Each of these is discussed in more detail elsewhere, but the summaries
                  are provided here for reference. Exhibit 9-36 shows
                  these strategies and Exhibit 9-37 summarizes them.

               
               
               
               
                  Exhibit 9-36: Order Channels and Distribution Strategies[image: This graphic outlines various order fulfillment channels and distribution strategies. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 9-37: Comparison of Distribution Strategies
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                                 Outsourced Fulfillment: Pool Fulfillment Example
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                                       Retailer can do picking during off-peak times

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Retail employees do this job only part time so
                                          service errors may be more likely (e.g., miss
                                          picks)

                                       
                                       

                                    

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Flow-Through Fulfillment

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Retail DC ships TL, LTL or parcels to the retail store.
                                    Retail store either forwards the LTL or parcel to the
                                    customer or customer picks up order from retail store.

                                 
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Retailer DC shipping to retail store consolidates
                                          parcels for low line-haul cost

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       No inventory allocation issues

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Longer customer lead time than store fulfillment

                                       
                                       

                                    

                                 
                                 
                              

                           
                        

                     

                  
                  

               
               
               Given a general distribution strategy, a distribution network is designed. Exhibit 9-38
                  compares various types of distribution networks.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 9-38: Comparison of Distribution Networks
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Channel

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Qualities

                                 
                                 
                              

                           
                        
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Manufacturer to DC to Retailer

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Retail DC ships TL or LTL to the retail stores.

                                 
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Good for TL if retailers large enough

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Strong availability and customer service

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Inventory intensive

                                       
                                       

                                    

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Independent Distributor with Omni-Channel Network

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 May use any combination of other network models such as
                                    integrated or dedicated fulfillment, plus direct sales for
                                    some items.

                                 
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Requires a thorough and efficient transportation
                                          network and a large enough network to create
                                          economies of scale and/or economies of scope
                                          (one-stop shop)

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Fast- versus slow-moving inventory need different
                                          storage and distribution methods

                                       
                                       

                                    

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Independent Aggregator with E-Business Network

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 May use any combination of other network models such as
                                    integrated or dedicated fulfillment, plus drop ship for some
                                    items.

                                 
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Depends more heavily on direct marketing (e.g.,
                                          branded website) than independent distributor with
                                          omni-channel network

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Direct access to customers and ability to provide
                                          membership loyalty programs

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Economy of scope for customers

                                       
                                       

                                    

                                 
                                 
                              

                           
                        

                     

                  
                  

               
               
               Finally, a distribution network will have one or more types of order fulfillment
                  channels. Exhibit 9-39 shows some examples.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 9-39: Comparison of Order Fulfillment Channels
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Channel

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Qualities

                                 
                                 
                              

                           
                        
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Manufacturer Storage with Drop Ship

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Manufacturer ships TL or LTL directly to customer (based on
                                    an order placed by a retailer, distributor, etc., on behalf
                                    of a customer).

                                 
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Best for high-value, sporadic demand items (e.g.,
                                          make-to-order, postponement)

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       No distributor and/or retailer inventory but lead
                                          times longer

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       No direct customer access for manufacturer, unlike
                                          manufacturer storage with direct delivery

                                       
                                       

                                    

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Manufacturer Storage with Direct Delivery

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Manufacturer ships TL/LTL directly to customer (based on an
                                    order directly from the customer).

                                 
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Best for B2B orders or make-to-order goods when long
                                          lead times are acceptable to customer

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       High transportation costs if LTL is needed

                                       
                                       

                                    

                                 
                                 
                              

                           
                        

                     

                  
                  

               
               
               Designing a distribution strategy, distribution network, and specific order
                  fulfillment channels is an exercise in finding optimum solutions for the given
                  customer base by considering priorities and tradeoffs related to service-related
                  factors and costs. Service-related factors include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Product variety

                     
                     

                  
                  
                  
                  	
                     
                     
                     Product availability

                     
                     

                  
                  
                  
                  	
                     
                     
                     Product returnability

                     
                     

                  
                  
                  
                  	
                     
                     
                     Customer experience

                     
                     

                  
                  
                  
                  	
                     
                     
                     Time to market

                     
                     

                  
                  
                  
                  	
                     
                     
                     Order visibility

                     
                     

                  
                  

               
               
               
               The type of picking and the unit size for shipping that customers require is another
                  service-related factor. The method(s) allowed will impact the type and cost of the
                  network. Here they are ranked from the lowest to highest in cost:

               
               
               
               
                  
                  
                  	
                     
                     
                     Pallet pick and pallet ship (lowest cost per case)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Case pick and pallet ship

                     
                     

                  
                  
                  
                  	
                     
                     
                     Layer pick (a layer of boxes on a pallet) and pallet ship

                     
                     

                  
                  
                  
                  	
                     
                     
                     Case pick and floor load (unpalletized vehicle payload loading)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Eaches (individual units) picking to conveyor with pallet shipping (this and
                        the remaining options are significantly higher in cost per case)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Eaches picking to conveyor with floor loading

                     
                     

                  
                  
                  
                  	
                     
                     
                     Eaches picking and eaches shipping (highest cost per case)

                     
                     

                  
                  

               
               
               
               Costs include the supply chain management costs related to the four pillars of
                  logistics: 

               
               
               
               
                  
                  
                  	
                     
                     
                     Customer and order management

                     
                     

                  
                  
                  
                  	
                     
                     
                     Warehouse distribution and fulfillment center management

                     
                     

                  
                  
                  
                  	
                     
                     
                     Iventory management

                     
                     

                  
                  
                  
                  	
                     
                     
                     Transportation management

                     
                     

                  
                  

               
               
               
               These costs include facilities costs, handling costs, transportation costs, inventory
                  costs, and information systems costs.

               
               

            
            

         
         
         
         
            
            
            Geographical Considerations and Factors

            
            
            
            
               
               
               In general, multinational organizations start at a very
                  broad regional or global level and narrow their viable alternatives down to specific
                  countries and major regions within countries. Organizations that operate within one
                  country or region might start at the highest level they operate in and then narrow
                  down from there. Note that organizations will need to make their own lists of
                  factors and prioritize them between key success factors and secondary factors. We
                  start here with some general qualitative deployment considerations.

               
               
               
               
                  
                  Strategy

                  
                  
                  
                  
                  Facility location used to be a tactical decision, but
                     it is now a strategic one due to the large capital expense involved and the
                     potential for strategic advantage in good decisions. For this reason, the key
                     deployment consideration is fit with the organization’s supply chain strategy as
                     already discussed in this general content area. Like the real estate mantra of
                     location, location, location, selecting just the right sites will have a strong
                     impact on strategy fulfillment. All the other deployment considerations and the
                     national, regional, and site-specific decisions discussed elsewhere need to be
                     reviewed and weighted by the organization based on its mission, vision, and
                     organizational strategy.

                  
                  
               
               
               
               
                  
                  Labor Rates

                  
                  
                  
                  
                  A primary component of transportation and warehousing
                     costs is the labor rate. Labor rates and labor availability are often the
                     primary decision factors in where to locate a facility because they make a huge
                     difference in overall costs due to the labor-intensive nature of some supply
                     chain operations. Labor rates are relative to necessary skill sets in the
                     region, so there are different rates for different types of labor. Economic
                     factors such as the unemployment rate also cause wage rates to fluctuate. An
                     organization may want to conduct a labor market analysis for various potential
                     locations. A labor market analysis may also include collecting information on
                     demographics, such as the average age of workers and average skill levels. For
                     example, one region may have an average age of 56 years while another has an
                     average age of 19 years for a given skill level of worker. The latter area will
                     have better wages over a longer period of time because the former area will
                     start experiencing more labor supply shortages in the coming years and thus
                     available workers will command higher pay. Other considerations include work
                     ethic, productivity, and whether local public officials are interested in doing
                     what they can to reduce local unemployment rates.

                  
                  
                  
                  Sourcing and manufacturing in countries with
                     low labor costs remains a popular choice, though the countries that have the
                     lowest costs continue to shift. For example, manufacturing wages from 2019 to
                     2020: 

                  
                  
                  
                  
                     
                     	
                        
                        
                        Rose 12 percent in China to US$6.50

                        
                        

                     
                     
                     	
                        
                        
                        Rose just over 3 percent in Mexico to US$4.82. 

                        
                        

                     

                  
                  
                  
                  The combination of a very low manufacturing labor rate with long-distance
                     transportation costs must be competitive for the industry for it to even be
                     considered. When a production facility is opened in a country with low labor
                     costs, the organization will need to continually scan global labor rates and
                     wage growth rates to determine whether the region still has a labor-cost
                     advantage and to estimate how long this advantage might last. When the region is
                     no longer a labor cost leader or the labor cost trend is unfavorable, the
                     decision process then falls to saving enough in the transfer (from relatively
                     lower wages and/or closer proximity) to recoup the cost of moving
                     operations.

                  
                  
               
               
               
               
                  
                  Quality

                  
                  
                  
                  
                  Quality can be a cultural imperative, such as a country
                     that prides itself on precision and excellent work ethics. Locating in such
                     countries can have advantages, though many of these countries also have higher
                     labor costs. Many organizations also look for quality-of-life criteria such as
                     low crime, great culture, educational opportunities, or low cost of living. The
                     presence of these things can attract good workers and executives and help reduce
                     turnover.

                  
                  
               
               
               
               
                  
                  Nation or Region-Specific Incentives

                  
                  
                  
                  
                  Organizations that build sustainable facilities and
                     operate using sustainable practices might receive incentives to locate in a
                     particular nation, region, or local area. Economically depressed nations,
                     regions, or local areas could create incentives. These incentives usually come
                     in the form of reduced tax rates or tax holidays (no taxes for a given period),
                     expedited approvals, road development, rail rerouting, job development grants,
                     and so on. The benefits can be worth millions, but generally, they are
                     distributed over a period of years to guarantee that the business stays around
                     for a period of time.

                  
                  
                  
                  The tax laws of different nations can also create incentives to locate
                     subsidiaries in certain nations. For example, Apple and Google were pioneers in
                     a tax avoidance technique that involved using companies in Ireland and the
                     Netherlands which resulted in these companies paying a single-digit percentage
                     of taxes on profits made outside of the U.S. for over a decade. For example, to
                     reduce their taxable income, they had the Irish company charge large royalties
                     on certain sales since Irish taxes on royalties are very low. There is now an
                     alternative minimum tax to pay and other restrictions on this particular
                     loophole, but new loopholes may arise. Also, many organizations still have a
                     facility presence in countries that were at least originally based on tax
                     avoidance. 

                  
                  
               
               

            
            

         
         
         
         
            
            
            Access to Resources and Infrastructure

            
            
            
            
               
               
               Evaluating general facility requirements includes natural and human-developed
                  resources for manufacturing, while all facilities that facilitate logistics will
                  need to consider the country’s infrastructure, risks and opportunities, and
                  duties/taxes.

               
               
               
               
                  
                  Natural and Developed Resources

                  
                  
                  
                  
                  Manufacturing location decisions may be based
                     on natural resources in the area if these are directly mined, farmed, etc., or a
                     supplier does so. The prices of natural resources have become ever more volatile
                     and analysis of commodity or resource prices by region may be needed for key
                     material inputs.

                  
                  
                  
                  Industry clusters are an example of a
                     human-developed resource. Industry clusters are areas where certain types of
                     industries have accumulated, such as California’s Silicon Valley or car
                     manufacturing in Germany. Manufacturers with excess capacity can supply it to
                     others in the area. These areas can also generate logistics synergies, such as
                     access to key suppliers. In fact, automotive suppliers often locate in supplier
                     parks that are on site or adjacent to automobile manufacturing plants.
                     Transportation can take advantage of brokers to combine shipments to the
                     region.

                  
                  
               
               
               
               
                  
                  Country Infrastructure and Risks/Opportunities

                  
                  
                  
                  
                  At the country level, decision factors include
                     the robustness of infrastructure and a number of risks or opportunities. 

                  
                  
                  
                  
                     
                     	
                        
                        
                        Robustness of infrastructure

                        
                        
                        
                        
                           
                           	
                              
                              
                              Port and road capacity

                              
                              

                           
                           
                           	
                              
                              
                              Telecommunications

                              
                              

                           
                           
                           	
                              
                              
                              Police, court systems, and regional security

                              
                              

                           
                           
                           	
                              
                              
                              Energy cost, reliability, and sustainability

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Risks and opportunities

                        
                        
                        
                        
                           
                           	
                              
                              
                              Currency risk and exchange rate variability

                              
                              

                           
                           
                           	
                              
                              
                              Degree of competition and other supply/demand risks and
                                 opportunities

                              
                              

                           
                           
                           	
                              
                              
                              Cultural, economic, and political climate

                              
                              

                           
                           
                           	
                              
                              
                              Rule of law versus crime and corruption

                              
                              

                           
                           
                           	
                              
                              
                              Regulatory issues

                              
                              

                           
                           
                           	
                              
                              
                              Labor costs, productivity, and skill levels by labor type

                              
                              

                           
                           
                           	
                              
                              
                              Access to trade blocs or other preferential trade agreements for
                                 the industry

                              
                              

                           

                        
                        

                     

                  
                  
                  
                  An example of energy sustainability is how a large number of data centers are now
                     being located near solar power farms (existing ones or ones built for the
                     purpose). An example of country infrastructure development is China, which has
                     invested heavily into its high-speed rail, road, and other transportation
                     infrastructures as a key feature of its economic road map.

                  
                  
               
               
               
               
                  
                  Country or Region Duties and Taxes

                  
                  
                  
                  
                  Goods may be subject to customs duties
                     (tariffs imposed on goods when they cross a border), and the size of these
                     duties for the specific goods being transported needs to be part of the analysis
                     (along with the risk of such duties changing). Trading blocs and economic unions
                     promote less expensive trade between nations with incentives such as reduced
                     duties. The fastest routes between trading bloc or economic union countries can
                     be excellent locations for a DC. The existence of free/foreign trade zones
                     (FTZs) could also be used to avoid paying duties if the goods are not to be sold
                     into the host country.

                  
                  
                  
                  Certain nations or regions have higher taxes
                     than others, or they may have onerous tax rules for transferring goods or money
                     out of the nation/region. While tax issues are generally not the primary
                     location decision factor, they can be significant, especially when low taxation
                     is offered as an incentive. A detailed look may be needed to determine the true
                     tax advantages and disadvantages of a given nation or region, since multiple
                     different taxes might apply (e.g., an inventory tax). Such a study would be
                     conducted by tax experts.

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Make Facility Number, Type, and Location
            Decisions

         
         
         
         
            
            
            Here we discuss general considerations for how to determine the right number of warehouse
               distribution/fulfillment centers. Since this discussion is closely related to facility
               type,
               this is discussed afterwards. Site-specific considerations conclude this discussion.

            
            

         
         
         
         
         
            
            
            Number of Warehouse Distribution/Fulfillment Centers

            
            
            
            
               
               
               The
                  number of warehouses and volume of warehouse space are increasing globally. There
                  are a
                  number of possible causes:

               
               
               
               
                  
                  
                  	
                     
                     
                     Globalization of supply chains requires keeping
                        inventory, and possibly customizing inventory, near local markets.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Increasing complexity of the supply chain requires
                        suppliers to locate materials nearer to customers.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Competitive forces require agility in filling demand
                        (which requires more inventory located closer to customers) and efficiency in
                        distribution processes. For example, to save transportation costs, distributors may
                        insert cross-docking or consolidation/break-bulk warehouses into the distribution
                        chain.
                        In another example, a home improvement big box retailer added 18 “rapid deployment
                        centers” in strategic areas to rapidly restock shelves for items with demand spikes
                        such
                        as generators or plywood after regional storms, increasing replenishment speed while
                        reducing overall costs.

                     
                     

                  
                  

               
               
               
               While the overall trend is toward more warehouses, many individual organizations are
                  working to reduce the number of their warehouses to an optimal number. Langley et
                  al., in
                  Supply Chain Management, cite a merger of two grocery manufacturers who went from
                  54 U.S. distribution centers to just 15 strategically located ones. They also note
                  how a
                  leading pharmaceutical distributor found a way to add same-day delivery and regular
                  service
                  while significantly reducing its number of distribution centers. Part of their success
                  may
                  be because organizations have started to reject the premise that a full-line inventory
                  warehouse is needed near every major market. In addition to selective line warehouse
                  stocking, better transportation management systems have made next-day delivery service
                  from
                  800 to 1,000 miles away feasible and common in practice.

               
               
               
               The decision about the number of warehouses to maintain
                  has offsetting advantages and disadvantages. If a business chooses a greater number,
                  it
                  faces higher inventory costs (because safety stock levels will increase), higher inbound
                  transport costs (because of the number of destinations), and higher operating costs
                  (facility operation and information management to control a more complex system).
                  However,
                  the customer service level will be higher, since there will be more warehouses nearer
                  the
                  customer (thus faster reaction time) and greater likelihood of being able to satisfy
                  required customer demand within an acceptable time. Fewer warehouses means lower costs
                  in
                  general but also less competitiveness in terms of the ability to provide service quickly
                  and
                  with minimum risk. Businesses must consider their customers, their business models,
                  and
                  especially their transportation costs in making this decision.

               
               
               
               
                  
                  Using Total Cost of Ownership (TCO) to Determine Optimum Number of Warehouses
                     (Distribution Example)

                  
                  
                  
                  
                  A total cost of ownership (TCO) study is typically used
                     to analyze make versus buy options or to compare various potential suppliers, but
                     the same
                     principles can be used to help with decisions related to the optimum number of warehouses
                     and distribution and fulfillment centers while considering other logistics cost tradeoffs.
                     While Exhibit 9-40 analyzes only a few factors for a distribution network (number of
                     distribution points, inventory carrying costs, and transportation cost), even this
                     simplified tradeoff analysis helps show that the lowest total cost for a distribution
                     network is often in a different range than the lowest total cost for any given system
                     component. While a single distribution point (warehouse) would produce the lowest
                     inventory cost, seven or eight would minimize total transportation cost. Three or
                     four
                     distribution points is the range where the lowest total logistics cost might be found
                     using these inputs.

                  
                  
                  
                  
                     Exhibit 9-40: Optimizing Distribution Tradeoffs[image: This graph illustrates the optimal number of distribution points for balancing supply chain costs. Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  
                  Note that adding other cost curves to the analysis might shift this range. A more
                     complex
                     and nuanced analysis may also factor in transportation lot sizes, global distances
                     involved, or the amount of safety stock to maintain in the system. Adding multiple
                     factors
                     may require using sophisticated analytical tools such as an optimization or simulation
                     model. 

                  
                  
               
               
               
               A separate analysis would be needed for inbound logistics and manufacturing.

               
               

            
            

         
         
         
         
            
            
            Determining Appropriate Facility Type

            
            
            
            
               
               
               Decisions regarding the appropriate number of facilities must also
                  consider facility type. Discussion elsewhere includes a calculation for determining
                  whether
                  it makes economic sense to add a consolidation or break-bulk center at the start or
                  end of a
                  journey by comparing it to, for example, the cost of direct shipment. The results
                  of this
                  calculation will indicate which facilities need to be consolidation or break-bulk
                  centers.
                  Similarly, location analyses are used to determine where to put fulfillment warehouses.
                  The
                  industry and the types of goods will dictate whether specialty types, such as refrigerated
                  or high security warehouses, are needed. Once the list is narrowed down to what is
                  viable,
                  consider the pros and cons of each alternative.

               
               
               
               
                  
                  Proximity

                  
                  
                  
                  
                  The location of a logistics facility may determine its
                     appropriate type. Facilities located near raw materials sources may be used to store
                     raw
                     materials needing further processing or awaiting distribution. Those near production
                     facilities exist to support production: raw material inputs, semi-finished materials
                     awaiting processing, or finished goods awaiting distribution. Facilities located near
                     ports or other terminals may be used for consolidation. Facilities located near markets
                     may be used to break bulk, cross-dock, or otherwise support efficient distribution.
                     There
                     are also industry clusters and proximity to them could be used to ensure proximity
                     to both
                     suppliers and B2B customers located in the same region, as is the case in California’s
                     Silicon Valley for high-tech firms, in San Francisco for pharmaceuticals, or in Germany
                     for car manufacturing. Proximity to markets is also a sustainability element as the
                     length
                     of a supply chain impacts its carbon footprint. 

                  
                  
                  
                  When considering whether to locate production facilities close to
                     sources of supply or close to markets, one consideration is whether the product is
                     considered a weight-losing or weight-gaining product. For example, it takes about
                     six
                     pounds of sugar beets to make one pound of sugar, so this is a weight-losing product.
                     Weight-losing products are best processed near the source of supply to save on
                     transportation costs. Materials that have a lot of water added tend to be weight-gaining,
                     and these are often best manufactured near the source of demand.

                  
                  
                  
                  Proximity to either suppliers or customers (or both, with
                     near-sourcing) will rise and fall in importance along with oil prices. When oil prices
                     peaked at about US$161 per barrel in 2008 (adjusted for inflation), transportation
                     costs
                     were likewise very high and near-sourcing was very popular. In 2024, oil prices were
                     moderate, at about US$82 per barrel, which reduces the priority placed on proximity.
                     However, it is overall price volatility that needs to be foremost in long-term decisions.
                     In 2022 and 2023, there were spikes in diesel prices, for example. By the time a network
                     is leased or constructed and running, oil prices or driver wages could be very different
                     from when construction began. For this reason, near-sourcing continues to be popular,
                     even
                     in periods of relatively inexpensive transportation.

                  
                  
                  
                  
                  Proximity to customers can be mapped and expressed in
                     terms of transit lead time or cycle time for average service levels. For example,
                     Chicago
                     Consulting mapped out the best locations for distribution networks in China, placing
                     a
                     one-DC network in Xinyang due to its central location. This location had a 3.38 average
                     transit lead time in days for the average Chinese customer. Two DCs brought the average
                     down to 2.55 days, and five DCs brought it to 1.65 days. A side point is that this
                     network
                     did not list Xinyang as an ideal location for anything other than a one-DC operation.
                     This
                     is because, for example, the best cities would be in regional quadrants for a four-DC
                     operation. This means that if you start with just one, you may need to abandon that
                     facility if you later want a larger set that is optimally positioned.

                  
                  
                  
                  Proximity to customers can also shift over time as
                     demographics change. Certain regions of a country can grow in population while others
                     shrink or remain the same. Populations can be young or old on average, and this can
                     influence their buying behavior. The organization’s customer segments may be larger
                     in
                     some areas than in others, and they can shift over time. Organizations that have operated
                     in a given region for decades may need to reassess both overall demographics as well
                     as
                     their customers’ demographics prior to making new location decisions.

                  
                  
                  
                  Organizations wanting to enter into new markets in
                     previously untapped countries will need to do even more research on potential customers
                     and potential competitors prior to selecting overseas locations. These new locations
                     might
                     also need new sources of supply if the existing sources would be uneconomical compared
                     to
                     local suppliers.

                  
                  
               
               
               
               
                  
                  Specialty Types

                  
                  
                  
                  
                  Specialized logistics might need its own network or
                     might share resources to some degree. Storage and materials handling of dangerous
                     goods
                     (hazmat) require segregation and special protocols, for example. Reverse logistics
                     centers
                     will be part of a reverse distribution channel. These types of networks must be designed
                     separately from the forward network due to their special needs. That being said, in
                     some
                     cases a warehouse might have an area for reverse logistics while the rest of the warehouse
                     is used for the forward supply chain. In these cases, the facility needs to be planned
                     with this extra required space in mind so that the forward and reverse operations
                     avoid
                     becoming bottlenecks to each other. Similarly, if a cold chain is needed, a decision
                     point
                     might be whether to have a cold zone in a facility versus a dedicated cold facility.
                     Cold
                     storage areas have specific foundation requirements due to the increased thickness
                     of
                     floors and walls, and it is extremely costly to make alterations if these facilities
                     are
                     not sized appropriately from the start. Space for employee changing rooms and so on
                     also
                     needs to be accounted for.

                  
                  
               
               
               
               
                  
                  Considering Viable Alternatives

                  
                  
                  
                  
                  What remains is to select among equally viable
                     alternatives for a given warehouse. For example, this could be deciding when a
                     cross-docking center can be used to immediately sort goods for their next destination
                     in
                     place of a fulfillment, consolidation, or break-bulk center where goods may be at
                     rest for
                     longer. The organization’s type of distribution network, as well as the maturity level
                     of
                     its partnerships with suppliers and customers, will help make this determination.
                     Distribution networks that resupply retail sources are generally better for cross-docking
                     than for direct fulfillment to customers, where a fulfillment center makes more sense.
                     Even when the network type may suggest cross-docking, successfully implementing
                     cross-docking requires close timing of deliveries and shipments, so it can be used
                     only
                     when communications are robust or automated and when the suppliers have been selected
                     for
                     their reliability and elimination of variability.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Site-Specific Considerations

            
            
            
            
               
               
               Site-specific considerations are made after deciding on specific countries and regions.
                  These tactical choices include municipal considerations, operational costs for specific
                  facility sizes, local resources and infrastructure (e.g., yard size, highway access),
                  and
                  local incentives. 

               
               
               
               
                  
                  Municipal Considerations

                  
                  
                  
                  
                  At the municipality level, proximity to customers or
                     suppliers/raw materials is a high priority, but it is important to keep in mind who
                     are
                     that facility’s actual suppliers and customers. For example, a DC that supplies specific
                     Walmart retail stores and does not ship direct to consumers has these stores as its
                     only
                     actual customers.

                  
                  
                  
                  Municipal programs such as industrial waste disposal may be needed. Municipal incentives
                     can come into play here, too, and cost and quality of labor markets may be factors.
                     Some
                     municipalities with large cities will have cultural attractions or be strategically
                     desirable. For example, they may have attractive environmental regulations, or the
                     organization might have a long history in a given region and many employees who want
                     to
                     work there.

                  
                  
                  
                  Organizations need to carefully check zoning
                     restrictions. Local zoning may prohibit establishing certain businesses like grocery
                     stores too close to competitors. Service and infrastructure access, access to freeways
                     or
                     other modes of transportation, or nearness to specific large customers or suppliers
                     may be
                     major factors.

                  
                  
               
               
               
               
                  
                  Operational Costs Related to Infrastructure

                  
                  
                  
                  
                  Given a need for a specific type of warehouse or other
                     facility in a specific municipality, the next consideration is the size of the facility.
                     Warehouse size generates economies of scale. Generally, smaller warehouses will have
                     higher costs per unit, and this falls steadily as warehouses grow in size. Larger
                     warehouses achieve better space and equipment utilization. For example, a smaller
                     warehouse may need the same piece of equipment but use it less frequently.

                  
                  
                  
                  However, infrastructure costs can vary significantly.
                     An older warehouse may have lower rent than a new facility. Property values vary
                     significantly, which is why Walmart locates many of its DCs in the countryside (and
                     to
                     benefit from lower wages as well). Warehouse designs in expensive areas will need
                     to use
                     vertical and horizontal space more effectively, such as with narrow aisle racking
                     and
                     automated storage and retrieval systems.

                  
                  
               
               
               
               
                  
                  Site-Specific Resources and Infrastructure

                  
                  
                  
                  
                  At the site-specific level, organizations need to find
                     sites that have the right amount of space for the facility and its yard and roadway
                     footprint at the right price. Easy access to the desired modes of transportation to
                     and
                     from the site are vital (e.g., proximity to highway access, rail access). Topography,
                     geology, or other site factors may make a location more or less suitable for a given
                     facility type (e.g., ability for soil type to bear weight of facility and its traffic).
                     Site selection may also need to minimize environmental impact, which will also help
                     in
                     getting approvals faster. Pollution may or may not be an issue, but even with warehouses,
                     truck noise may need to be accounted for. Certain communities may have restrictions
                     on
                     hours of operation that could make schedule coordination difficult.

                  
                  
                  
                  Failure of any given infrastructure element such as
                     regular traffic congestion or frequent brownouts or blackouts can be a location
                     disqualifier. Also consider the relative risk to public infrastructure from natural
                     disasters such as regions likely to experience flooding or hurricanes. Access to the
                     proper transportation modes and sufficient carriers in a given model are vital location
                     decisions.

                  
                  
                  
                  Organizations compare the pros and cons of each site
                     that remains a viable candidate. A site might have existing facilities that can be
                     used as
                     is or repurposed, it could be an undeveloped site, or it could be a site with existing
                     structures that need to be razed. Existing structures that will be kept need to be
                     evaluated for the quality and maintenance of all aspects from the foundation to the
                     roof,
                     plus evaluations of sufficient docks and so on. Such factors can create initial investment
                     cost differences between the alternatives. Note that a greenfield is previously
                     undeveloped land and there may be disincentives for developing such land such as
                     protective legislation or regulatory hurdles. Redeveloping previously developed land
                     is
                     also more environmentally friendly.

                  
                  
                  
                  There is also the question of ownership versus leasing. Some sites may have to be
                     leased,
                     while others that are being built might need to be owned. If both leasing and owning
                     are
                     viable options, finance professionals can help make this decision by considering how
                     many
                     assets should be on the balance sheet and how long the facility will be used.

                  
                  
               
               
               
               
                  
                  Site-Specific Incentive Considerations

                  
                  
                  
                  
                  Incentives can come into play at the site-specific
                     level, such as locating a new facility on a brownfield. A brownfield is a site that
                     has
                     toxic pollution, so cleanup and reuse of the site are often incentivized. In another
                     example, in exchange for incremental job creation, the city of Nashville, Tennessee,
                     provided Amazon with cash grants from the city for capital expenditures plus multi-year
                     tax credits to offset the city’s franchise and excise taxes. Organizations can seek
                     out a
                     region or municipality’s industrial development commission to find out about specific
                     incentives.

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Understand Different Network Modeling
            Approaches

         
         
         
         
            
            
            Some modeling approaches use analytics, which find
               meaningful information from a set of data. Others use heuristics, which means that
               they use
               trial and error or experience to arrive at an approximate best solution. Others look
               for a
               mathematically optimal solution. Others simulate a real-world environment so it can
               be
               experimented with before building it. Each of these approaches is discussed in this
               area.

            
            

         
         
         
         
         
            
            
            Modeling Basics and Prerequisites

            
            
            
            
               
               
               Prior to using heuristic, optimization,
                  or simulation modeling techniques, it is important to understand what a model is in
                  general
                  terms. A model is a tool with inputs, processes, and outputs:

               
               
               
               
                  
                  
                  	
                     
                     
                     The inputs are the variables or data, including hard
                        values as well as things that might be allowed to vary.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The processes are functions performed on the inputs,
                        such as use of mathematical formulas.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The processes automatically produce a set of outputs,
                        which is the business information you are seeking.

                     
                     

                  
                  

               
               
               
               All forms of modeling also have some prerequisites:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Validation:
                           
                        Data validation should
                           occur during data entry and on existing data. Validation involves ensuring the data
                           entry method is acceptable, new entry data or existing data is cleansed (e.g.,
                           duplicates removed), and that the type (e.g., alphanumeric), allowed range, units
                           of
                           measure, and format are as expected. To reduce the difficulty of this process, data
                           validation can be automated such as only allowing entry of data in the right type
                           and
                           format. Proper data validation promotes data integrity. 
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Integrity:
                           
                        A set of data integrity
                           principles called ALCOA+ have been developed that are increasingly important for good
                           manufacturing practices and supply chains (especially for manufacturers in the life
                           sciences sectors). The original set corresponds to the acronym ALCOA:
                           attributable (who made it and when), legible (readable physical
                           records; straightforward language even in digital), contemporaneous (record as
                           you do task, not later), original (archive original version; distinguish
                           copies), and accurate (reflect reality; error free). To these were later added
                           complete (audit trail of changes), consistent (time stamp in expected
                           sequence), enduring (disaster recovery), and available (indexed,
                           labeled, searchable). These principles allow data to evolve such as needing to rely
                           more on assumptions for early, high level assessments and using better data for later,
                           detailed assessments. However, that early assessment data is kept for later reference
                           such as for assumptions validation. In other words, data needs to have high quality,
                           which requires planning and maintenance. Conversely, garbage in, garbage out (GIGO)
                           means poor data will lead to poor decisions.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Complexity:
                           
                        Too few inputs or not
                           enough model complexity can lead to missing critical factors, while too many inputs
                           or
                           too much complexity can result in a model that is error prone or leads to paralysis
                           by
                           analysis. The right balance depends on the use of the model and who is building it
                           (external providers can invest more in getting a complex model right since its costs
                           can be shared by many clients; internal analysts who can build models very quickly
                           are
                           highly prized).
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Assumptions:
                           
                        Assumptions should be
                           challenged while building models. For example, transportation costs might be
                           represented as a fixed cost per mile or kilometer, but the actual rate tends to fall
                           as distances increase (called the tapering rate). Similarly, is distance calculated
                           “as the crow flies” or by using actual road systems and traffic data?
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Static/dynamic:
                           
                        Some models are static,
                           meaning they produce a point solution, while others are dynamic, meaning they model
                           a
                           system over a number of time periods showing cumulative impact of decisions.
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Analytics and Heuristics

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary defines analytics and one of its various subtypes
                  as follows.

               
               
               
               
                  
                  Analytics. The review of typically large sets of business data using
                     mathematics, statistics, and computer software to identify meaningful patterns in
                     the data
                     to help in decision-making.

                  
                  Predictive analytics. A method of extracting information from
                     existing data in order to identify patterns and predict future outcomes and trends.

                  

               
               
               
               There are many types of analytics. A basic type is descriptive analytics, which involves
                  compiling information such as for dashboards on what, when, where, how many, etc.
                  Another
                  example is prescriptive analytics, which goes a step beyond predictive analytics by
                  involving AI or machine learning to suggest actions to take or to find an optimum
                  solution.

               
               
               
               The ASCM Supply Chain
                     Dictionary defines heuristics as

               
               
               
               
                  
                  a form of problem-solving in which
                     the results or rules have been determined by experience or intuition instead of by
                     optimization. Heuristics can be used in such areas as forecasting; lot sizing; or
                     determining production, staff, or inventory levels.

                  

               
               
               
               Heuristic models use experimentation to find an
                  approximate answer. They trade accuracy for speed and ease of calculation. Heuristics
                  applies decision rules and math. These models may or may not be computer-based and
                  are often
                  used when a high-level best guess is all that is needed at a given phase of planning.
                  A
                  heuristic model might also be used to narrow down the possible solutions to a problem
                  so it
                  is easier to define in a more sophisticated model like an optimizer. In other words,
                  heuristics is useful because it can handle broad problem definitions. However, it
                  is not an
                  optimization tool and does not guarantee an optimum solution.

               
               
               
               Like a web search, heuristics can take a large data set
                  and output just those locations that fit a given set of parameters, such as within
                  so many
                  kilometers of several suppliers and key markets while also being near a freeway or
                  rail
                  line, and so on. The list of qualified candidates can then be used in an optimization
                  tool
                  to find the best location from among a much smaller set.

               
               
               
               Logistics software often has heuristics built in as a
                  decision support tool, such as to perform replenishment from the closest DC with available
                  stock or flag any customer who would not receive service within 48 hours.

               
               
               
               A number of analytic and heuristic techniques can help
                  with site selection. Some common methods are discussed next.

               
               
               
               
                  
                  Cost-Volume Analysis

                  
                  
                  A cost-volume (CV) analysis is a type of break-even analysis that
                     compares the fixed versus variable costs of various locations. It can be used in an
                     analysis of a DC or other node to determine the volume of product that needs to flow
                     through the facility to justify its fixed costs.

                  
                  
                  A
                     CV analysis makes certain simplifying assumptions, such as that fixed costs are constant,
                     variable costs are at a steady linear rate, and only one product is being shipped
                     (i.e.,
                     the average product). Despite this unrealistic simplicity, the results are often good
                     enough to guide decision making.

                  
                  
                  To start a CV
                     analysis, you need to collect data on the fixed and variable costs of each alternative
                     location. The basic formula for a CV analysis is simple:

                  
                  
                  
[image: ../images/8a-6_2_-_heuristics_01_id179UA06N0UI_mathml_105_width_1080.png]


                  
                  
                  The concept in play is called operating leverage. High
                     operating leverage means that there is a high proportion of fixed costs to overcome,
                     but
                     higher profits per sale will occur after the break-even point (the point where units
                     sold
                     pay for those fixed costs). Low operating leverage means that there is a higher proportion
                     of variable costs, which allows the break-even point to be reached more easily, but
                     incremental sales will produce less profit after the break-even point. Note that in
                     this
                     analysis we are just calculating cost versus volume. A cost-volume-profit analysis
                     would
                     also consider revenue, but this is not needed to compare location costs.

                  
                  
                  Exhibit 9-41
                     shows three potential locations for a DC along with their fixed and variable costs
                     (per
                     unit). Denver has low fixed costs, perhaps due to low rent, but high variable costs,
                     perhaps due to longer distances to key markets. Seattle has a middle level of both
                     fixed
                     and variable costs. Los Angeles has much higher fixed costs, perhaps due to a highly
                     automated facility, but very low variable costs, perhaps due to that automation and
                     also
                     proximity to customers. Note that the exhibit also lists maximum units, which is a
                     best-case scenario annual forecast for this example. The fixed costs plus the variable
                     costs times the maximum units results in a total cost estimate at that unit level.
                     

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 9-41: Cost-Volume Analysis Data
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    City

                                    
                                 
                                 
                                 	
                                    
                                    Fixed Costs

                                    
                                 
                                 
                                 	
                                    
                                    Variable Costs

                                    
                                 
                                 
                                 	
                                    
                                    Maximum Units

                                    
                                 
                                 
                                 	
                                    
                                    Total Cost at Maximum Units

                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Denver

                                    
                                 
                                 
                                 	
                                    
                                    $2,000,000

                                    
                                 
                                 
                                 	
                                    
                                    $615

                                    
                                 
                                 
                                 	
                                    
                                    26,000

                                    
                                 
                                 
                                 	
                                    
                                    $17,990,000

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Seattle

                                    
                                 
                                 
                                 	
                                    
                                    $4,000,000

                                    
                                 
                                 
                                 	
                                    
                                    $385

                                    
                                 
                                 
                                 	
                                    
                                    26,000

                                    
                                 
                                 
                                 	
                                    
                                    $14,010,000

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Los Angeles

                                    
                                 
                                 
                                 	
                                    
                                    $8,000,000

                                    
                                 
                                 
                                 	
                                    
                                    $115

                                    
                                 
                                 
                                 	
                                    
                                    26,000

                                    
                                 
                                 
                                 	
                                    
                                    $10,990,000

                                    
                                 

                              
                           

                        

                     

                  
                  
                  The crossover points are the key results of this analysis, and they are calculated
                     for
                     each of the pairings of locations being considered. A crossover point is the point
                     where
                     the total costs for both locations are the same at that given volume level, but at
                     higher
                     volume levels one will be superior and at lower volume levels the other will be superior.
                     Exhibit 9-42 shows these crossover
                     points.

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 9-42: Crossover Points
                           
                           
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Crossover Points

                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Denver–Seattle

                                    
                                 
                                 
                                 	
                                    
                                    8,696

                                    
                                 
                                 
                                 	
                                    
                                    Units

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Seattle–Los Angeles

                                    
                                 
                                 
                                 	
                                    
                                    14,815

                                    
                                 
                                 
                                 	
                                    
                                    Units

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Denver–Los Angeles

                                    
                                 
                                 
                                 	
                                    
                                    12,000

                                    
                                 
                                 
                                 	
                                    
                                    Units

                                    
                                 

                              
                           

                        

                     

                  
                  Crossover points are calculated by making the Fixed Cost +
                     (Variable Cost × Volume) formula for one location be equal to the same equation for
                     the
                     other city and then solving for the unknown variable, volume. The following equation
                     uses
                     the variable x to represent volume. Since volume is on
                     both sides of this equation, you need to solve for x. To
                     do this, you add, subtract, multiply, or divide the same thing from both sides of
                     the
                     equation, as shown in the successive steps below, which results in an equation that
                     has x on one side and all of the known information on the
                     other. Each of the location pairings is then calculated using that formula.

                  
                  
                  
[image: ../images/8a-6_2_-_heuristics_02_id179UA0K0SYK_mathml_106_width_1472.png]


                  
                  
                  
[image: ../images/8a-6_2_-_heuristics_03_id179UA0K0SYKX_mathml_107_width_1284.png]


                  
                  
                  We can make sense of these
                     crossover points using a graph. Exhibit 9-43 shows a cost-volume analysis graph
                     with a line for each variable cost rate for each of the locations. Each line starts
                     at the
                     fixed cost level on the left, and the other side of the line is placed at the total
                     cost
                     calculated for 26,000 units. The crossover points are, of course, where the lines
                     cross
                     over.

                  
                  
                  
                     Exhibit 9-43: Cost-Volume Analysis Graph[image: This cost-volume analysis graph shows the total costs for three different cities — Los Angeles, Seattle, and Denver — based on the number of units sold (in thousands). Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  Using a cost-volume analysis graph and knowledge of the
                     crossover points in units can help planners in several ways. If the expected forecast
                     of
                     unit sales for each year of a three- to five-year forecast is less than 8,696 units,
                     then
                     Denver is the best location. If it is between this amount and 14,815 units, then Seattle
                     is the best location, but over 14,815 units makes Los Angeles the best spot. The
                     12,000-unit crossover would be used if Seattle were removed from contention. This
                     would be
                     the crossover point deciding whether Denver or Los Angeles is the best location.

                  
               
               
               
               
                  
                  Weighted Factor Rating
                     Method

                  
                  
                  The weighted factor rating method can be used
                     to place various levels of priority on both quantitative and qualitative factors for
                     a
                     location decision. Higher priority factors will get more weight than those lower in
                     priority.

                  
                  
                  Often these weights are percentages that
                     sum to 100 percent. The weight is multiplied by the location’s score for a given factor.
                     The score could be a rating from 1 to 5, where 5 is the most favorable. Multiplying
                     the
                     weight times the score results in a weighted score. Summing these weighted scores
                     results
                     in a weighted score for each location. This method is often best for narrowing down
                     a long
                     list of candidates so that other methods can be applied to just those locations that
                     meet
                     overall criteria.

                  
               
               
               
               
                  
                  Center-of-Gravity
                     Method

                  
                  
                  The ASCM Supply
                        Chain Dictionary defines the center-of-gravity
                        approach as

                  
                  
                  
                     
                     a
                        methodology for locating distribution centers at approximately the location representing
                        the minimum transportation costs between the plants, the distribution centers, and
                        the
                        markets in order to maximize revenue.

                     

                  
                  
                  The
                     center-of-gravity method is a coordinate-based system that plots each customer or
                     retail
                     location on a coordinate map or grid. The x coordinate
                     is horizontal, and the y coordinate is vertical.
                     Overlaying the coordinate grid on a map results in a set of x-y coordinates for each location. The center-of-gravity method is weighted based
                     on shipping volume. The best location for shipping to all of these locations will
                     be
                     pulled closer to the heaviest volume. Exhibit 9-44 and Exhibit 9-45 show
                     several customer locations along with their centers of gravity based on the volumes
                     provided.

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 9-44: Center-of-Gravity Data
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Location

                                    
                                 
                                 
                                 	
                                    
                                    x Coordinate

                                    
                                 
                                 
                                 	
                                    
                                    y Coordinate

                                    
                                 
                                 
                                 	
                                    
                                    Shipping Volume

                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    London

                                    
                                 
                                 
                                 	
                                    
                                    8

                                    
                                 
                                 
                                 	
                                    
                                    10

                                    
                                 
                                 
                                 	
                                    
                                    8,000

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Warsaw

                                    
                                 
                                 
                                 	
                                    
                                    16

                                    
                                 
                                 
                                 	
                                    
                                    9

                                    
                                 
                                 
                                 	
                                    
                                    9,000

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Madrid

                                    
                                 
                                 
                                 	
                                    
                                    5

                                    
                                 
                                 
                                 	
                                    
                                    3

                                    
                                 
                                 
                                 	
                                    
                                    4,000

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Hamburg

                                    
                                 
                                 
                                 	
                                    
                                    12

                                    
                                 
                                 
                                 	
                                    
                                    10

                                    
                                 
                                 
                                 	
                                    
                                    11,000

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Rome

                                    
                                 
                                 
                                 	
                                    
                                    13

                                    
                                 
                                 
                                 	
                                    
                                    3

                                    
                                 
                                 
                                 	
                                    
                                    6,000

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Center of gravity

                                    
                                 
                                 
                                 	
                                    
                                    12

                                    
                                 
                                 
                                 	
                                    
                                    8

                                    
                                 
                                 
                                 	
                                    
                                    38,000

                                    
                                 

                              
                           

                        

                     

                  
                  
                     Exhibit 9-45: Center-of-Gravity Map[image: A grid map of Europe showing X and Y coordinates, with major locations marked as circles. The X-axis, labeled “X Coordinates,” runs horizontally from 0 to 27, while the Y-axis, labeled “Y Coordinates,” runs vertically from 1 to 19. There are five locations marked as circles, including one filled black circle around the center of Europe. This visual likely represents significant cities or logistical points across Europe within a coordinate system, enabling spatial analysis or optimization.]
                  
                  
                  
                  To calculate the center of gravity, you calculate
                     the x and y
                     coordinates separately using the following formula. (The center of gravity coordinates
                     are
                     also calculated for this example.)

                  
                  
                  
[image: ../images/7-a-t02_3_-_designing_and_locating_distribution_centers_01_id179UAG00NHT_mathml_238_width_1817.png]


                  
                  
                  Note that, in some cases,
                     the center of gravity will be in a nonsensical location such as a body of water or
                     a
                     mountain range. The suggested location would be modified to the closest viable location
                     with good shipping lanes and so on. In this case, the largest city in the location
                     (12, 8)
                     is Frankfurt, so this is selected.

                  
                  
                  More complicated versions of this model are available in
                     software. They add other factors such as locations of suppliers. They replace shipping
                     volume with weight shipped (e.g., ton) and shipping rate (e.g., ton-mile). This requires
                     a
                     more complex equation, but the results are still a suggested set of coordinates. Another
                     example is combining the center of gravity technique with sensitivity analysis to
                     enable
                     what-if scenarios such as what if rail were used instead, making the analysis more
                     dynamic.

                  
               
               
               
               
                  
                  Regression Analysis

                  
                  
                  Regression analysis is covered elsewhere as a method of forecasting.
                     Basically, it is a way of determining how to predict the behavior of one variable
                     (called
                     the dependent variable) based on information on one or more different variables (these
                     are
                     called independent variables) that can be determined and have a certain level of
                     correlation to the thing one wants to predict. The level of correlation is determined
                     using statistical analysis of historical data. For example, regression analysis can
                     be
                     used to find the best fit of a straight line through a set of historical data points
                     on a
                     graph. The equation used to determine the slope and starting point of this straight
                     line
                     can then be used to make a prediction given the current values for the independent
                     variables. Regression analysis can be applied to location analysis, with multiple
                     regression analysis likely being the method that will be needed. The dependent variable
                     can be least cost; the independent variables can be each factor that contributes to
                     cost.
                     A spreadsheet application such as Microsoft ExcelTM can be used to calculate the level of correlation and the solution
                     quickly.

                  
               
               

            
            

         
         
         
         
            
            
            Optimization

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary
                  defines optimization models as

               
               
               
               
                  
                  a class of mathematical models
                     used when the modeler wishes to find the ideal (maximum or minimum) value of some
                     objective function subject to a set of constraints.

                  

               
               
               
               Some of the formulas presented elsewhere in this text
                  find the minimum cost, while others might calculate the shortest lead time or maximum
                  storage capacity. An optimization model is more complex than these types of minimum/maximum
                  equations because it looks to find the highest level possible for multiple variables
                  all at
                  once, even when some of the variables directly conflict with one another. An efficient
                  and
                  flexible system, for example, will be neither the maximum efficiency nor the maximum
                  flexibility. It will be the best possible balance between these competing factors
                  that can
                  be calculated.

               
               
               
               Calculating optimum levels prior to computers was a
                  tedious process, but specialized optimization software or even spreadsheet applications
                  have
                  add-on tools that can calculate an optimum result quickly. A logistics-specific tool
                  can
                  help focus on end-to-end supply chains, including by providing geographical mapping
                  given
                  considerations including risk and sustainability.

               
               
               
               Software tools find an optimum result using linear
                  programming, calculus, and many other complex mathematical techniques. A mathematically
                  optimum solution is found if the assumptions and data are entered correctly, are accurate
                  (these definitely need validation), and the problem and constraints are defined in
                  a way
                  that makes an optimum solution feasible. Of course, changing even one variable will
                  likely
                  generate a different optimum result. Since the system considers all of the possible
                  alternatives to find the best one, analysts can quickly see when there are other
                  near-optimal solutions that could better address some qualitative factors. Optimization
                  models often produce significant savings or service improvements compared to the results
                  of
                  heuristic models.

               
               
               
               Logistics network optimization models can address a wide
                  range of issues, not only the number and location of warehouses but also suppliers,
                  plants,
                  and production lines. They can help assign specific suppliers to specific DCs or plants
                  and
                  specific DCs to specific customers. They can help decide between owning, leasing,
                  or
                  contracting, make-or-buy, postponement, and so on. In other words, good optimization
                  software can design the entire supply chain with the goal of profit maximization rather
                  than
                  just minimizing costs.

               
               
               
               Network optimization models can be simple custom-built
                  tools in a spreadsheet application, but ERP systems such as SAP and Oracle have network
                  optimization modules. Logistics and supply chain management systems such as JDA and
                  Logility
                  offer optimization tools as part of their suites. Best-of-breed systems are also available
                  from vendors, including Infor, OMP Plus, Quintiq, Demand Solutions, IBM, Logistix
                  Solutions,
                  and LLamasoft. While custom models can have their uses in studying specific problems
                  (and
                  are very inexpensive), more sophisticated (and expensive) tools such as those just
                  mentioned
                  will have a wider range of capabilities and sophistication than is possible for even
                  experienced spreadsheet users to mimic. For example, these systems will have regional
                  maps
                  that already have a wealth of information on distances and so on. Integrated ERP or
                  supply
                  chain software models also have a benefit in that much of the organization’s data
                  will
                  already be available to them, while the stand-alone versions might need more data
                  preparation. On the other hand, best-of-breed solutions are called by this name because
                  they
                  often have innovative features.

               
               

            
            

         
         
         
         
            
            
            Simulation

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary defines simulation as follows:

               
               
               
               
                  
                  1) The technique of using
                     representative or artificial data to reproduce in a model various conditions that
                     are
                     likely to occur in the actual performance of a system. It is frequently used to test
                     the
                     behavior of a system under different operating policies. 2) Within manufacturing resource
                     planning, using the operational data to perform what-if evaluations of alternative
                     plans
                     to answer the question, “Can we do it?” If yes, the simulation can then be run in
                     the
                     financial mode to help answer the question, “Do we really want to?”

                  

               
               
               
               A simulation model attempts to approximate the workings
                  of a real system with just enough complexity to generate realistic results without
                  being so
                  complex as to be impossible to create or too error-prone. The idea is to understand
                  how the
                  system behaves given a certain set of assumptions and to see how that behavior changes
                  if
                  the assumptions or constraints are changed. Like an optimization model, these can
                  be custom
                  models developed in a worksheet or they can be developed in sophisticated applications
                  available from vendors.

               
               
               
               Two common uses of simulation models are sensitivity and scenario
                  analyses. A sensitivity analysis alters one variable and holds the other variables
                  at set
                  levels to see how this one change affects the outputs. A scenario analysis comes up
                  with a
                  business scenario and changes a number of input variables all at once to mimic the
                  business
                  situation and see the results. Best case, worst case, and most likely scenarios are
                  common,
                  but any situation can be modeled; these are often called “what-if” analyses.

               
               
               
               Another common type is the
                  Monte Carlo simulation. This type is run by setting minimum and maximum parameters
                  for each
                  input variable in a model and then having the computer run the simulation thousands
                  of times
                  with random settings for each variable each time (within those preset parameters).
                  The
                  results are then compiled to form descriptive statistics for the entire run, such
                  as
                  generating a probability distribution of results (a bell curve of one type or another).

               
               
               
               What-if analyses can be done to better understand supply
                  and demand risks such as network disruptions, results of mergers, new product introductions,
                  or potential changes in capacity, transportation policy, foreign exchange, customer
                  profitability, and so on. Sensitivity analyses include the impact of the number of
                  DCs or
                  customer service on cost and location impact on both cost and service. They can even
                  handle
                  costs that increase in a nonlinear fashion, such as inventory cost curves or those
                  that step
                  up in costs such as a capacity threshold boundary that, once passed, requires a facility
                  to
                  be added.

               
               
               
               Note, however, that a simulation is not the same as
                  optimization, as it simply provides the results for the given input parameters. There
                  may be
                  a more optimum location (or other result) out there.

               
               

            
            

         
         
   
      
         
         
         
         Validate Network Design Performance

         
         
         
         
            
            
            We start by noting that long-term forecasting is often
               needed to determine how long a newly designed supply chain will remain viable. For
               example, a supply chain’s agility is measured using strategic or operational supply
               chain agility (SCOR DS metrics), and forecasts of unit volumes outside the range
               considered acceptable might trigger redesign. When the supply chain is new or will
               differ fundamentally from what came before, it may make more sense to set goals
               using benchmarking. Costing and financing are then covered. Since large supply chain
               network design projects require funding, an essential part of any success measure
               will be whether those investments provided the required returns, especially whether
               or not returns were in excess of the cost of providing those funds. When an existing
               supply chain is being modified, this can take the form of an as-is and to-be
               analysis, so analytics related to the as-is and to-be states are discussed after
               that.

            
            

         
         
         
         
         
            
            
            Forecasting, Benchmarking, and Financial
               Performance Validation

            
            
            
            
               
               
               When starting a project that
                  will make significant changes to a supply chain network, it is important to begin
                  with the end in mind by getting agreement (in writing) to the metrics that will be
                  used to measure success and to specific, measurable, attainable, relevant, and
                  time-bound (SMART) goals for those metrics. If the project gets mixed results, the
                  metrics will help guide further improvements. Here we discuss examples of metrics
                  used to evaluate a supply chain network as a whole. Note, however, that each project
                  will develop its own metrics and goals.

               
               
               
               Forecasting, benchmarking, and costing and financing are crucial steps to validate
                  the performance of the network design.

               
               
               
               
                  
                  Forecasting

                  
                  
                  From a supply chain (re)design standpoint,
                     the organization’s long-term sales forecast can help planners determine
                     when capacity needs to be stepped up (or down) above (or below)
                     the range that the current logistical network can support. Demand forecasting
                     is particularly important when organizations are expanding into
                     new markets or when economic conditions change significantly. Demand
                     forecasts need to be converted into demand for logistics facilities,
                     equipment, and services and then compared to existing capacity.
                     Capacity planning is used to determine the amount and timing of
                     investments.

                  
               
               
               
               
                  
                  Benchmarking

                  
                  
                  When building a new network or making significant
                     changes due to, for example, mergers and acquisitions, new markets,
                     and so on, there may not be meaningful as-is data, and the best
                     option may be to find a best-in-class supply chain to emulate. Even if
                     there is plentiful as-is data, benchmarking world-class supply chains
                     is still a best practice to enable setting ambitious goals. This
                     may be a competitor’s supply chain, but it could also be a supply
                     chain for products with similar logistics requirements and characteristics.
                     Metrics that can be determined for this benchmark organization then
                     become the basis for the new supply chain’s goals. It may be best
                     to select metrics that can be feasibly gathered.

                  
               
               
               
               
                  
                  Financial Performance Evaluation

                  
                  
                  A supply chain (re)design project needs its own budget and
                     should have project accounting staff to accumulate actual costs. Actual costs
                     are compared to the budget baseline and any variances are analyzed during the
                     project so that course corrections can be made as the project progresses.
                     Investments in supply chain frameworks won’t be considered wise uses of funds
                     unless they increase revenues/cost savings beyond not only the investment but
                     also the cost of providing those funds. This includes not only interest on debt
                     but also the return expected by investors (in the form of higher share prices
                     and/or a dividend stream).

                  
               
               

            
            

         
         
         
         
            
            
            As-is and To-Be Metrics

            
            
            
            
               
               
               Metrics for analyzing the quantitative improvements that are
                  expected from a supply chain (re)design project should start with the creation of
                  a
                  baseline, or an as-is set of metrics for the current supply chain. Many organizations
                  use
                  SCOR DS performance metrics (these are discussed in detail elsewhere) to standardize
                  the set
                  of metrics used so that everyone has a shared assumption of how to measure the element,
                  what
                  inputs to use, and so on. Since SCOR DS is also an integrated measurement model (metrics
                  aggregate or otherwise relate to higher-level strategic metrics), it can show how
                  the
                  tactics and operations are supporting the strategy. The metrics chosen for measuring
                  the
                  as-is state should also be the ones that will be used going forward in the to-be state.
                  This
                  will allow the as-is and the to-be to be directly comparable for internal benchmarking
                  purposes.

               
               
               
               As part of the supply chain design process, team members will develop to-be metric
                  goals
                  alongside the potential projects that will result in these improvements, including
                  changes
                  to processes, information systems, staff skill levels, supply chain partner activities,
                  and
                  so on. After a number of iterations, a prioritized list of projects and their expected
                  impact on the metrics will be finalized. The gaps between the as-is state and the
                  to-be
                  state will indicate the degree of improvement that is needed, as is shown in Exhibit 9-46. The final to-be metric goals will then
                  become the baseline for determining project success, such as the level of success
                  with the
                  key attribute (assets) that needs to be superior (better than 90 percent of competitors)
                  for
                  this given supply chain, as measured using the key metric of cash-to-cash cycle (CCCT)
                  in
                  days. If this metric were at, say, 10 days, after the projects, it will have had only
                  partial success since the goal was 0 days, despite this being a large improvement
                  over the
                  original CCCT of 52 days.

               
               
               
               
                  Exhibit 9-46: SCORmark Gap Analysis Example (Mockup)[image: A comparison table showing various supply chain performance attributes, their corresponding metrics, target performance levels, and performance benchmarks for your organization, parity (50%), advantage (70%), and superior (90%). Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               When to-be metric values are listed alongside their
                  as-is values this helps visualize the savings from each plan component. Finding a
                  way to
                  generate a composite score from these metrics will also help compare competing alternatives
                  when deciding on the best network and assessing the relative degree of success for
                  a
                  redesigned network.

               
               
               
               Showing a different analysis per echelon (especially the manufacturer and DC echelons)
                  or
                  perhaps even drilling down into specific supply chain nodes can also help show where
                  there
                  is the most room for improvement. 

               
               
               
               The last step is to schedule when to take a new set of measurements (how long after
                  the new
                  supply chain is operating) to validate the degree to which the changes have resulted
                  in the
                  desired improvements. This should be a long enough interval to gather meaningful data
                  but
                  not so long that the assessment is neglected. In this way, the degree of improvement
                  in each
                  area can be objectively assessed. Two basic components of a newly (re)designed supply
                  chain
                  need to be assessed—the supply chain framework (including the logistics framework)
                  and the
                  contents of that framework (or the product/service packages that the network is delivering
                  or returning).

               
               

            
            

         
         
   
      
         
         
         
         Section D: Coordinate Digital Transformation and Continuous
            Improvement

         
         
         
         
            
            
            
               After completing this section, students will be able
                  to
               

            
            
            
            
               
               
               	
                  
                  
                  Determine when digital transformation is
                     necessary to enact the organization’s strategy versus when continuous improvement
                     will suffice

                  
                  

               
               
               
               	
                  
                  
                  Use the relative level of demand
                     predictability and the relative length of the supply lead time to determine how
                     best to transform a logistics network

                  
                  

               
               
               
               	
                  
                  
                  Identify the principles of common
                     methodologies that require transformation, including lean, agile, and six
                     sigma

                  
                  

               
               
               
               	
                  
                  
                  Understand the philosophy of continuous
                     improvement and how it needs to become part of the organization’s culture

                  
                  

               
               
               
               	
                  
                  
                  Show how investing in quality can cost less
                     to the organization than accepting the costs of poor quality

                  
                  

               
               
               
               	
                  
                  
                  Seek for and change the root causes of
                     problems

                  
                  

               
               
               
               	
                  
                  
                  Understand the concepts behind quality tools
                     such as cause-and-effect diagrams or value stream mapping.

                  
                  

               
               

            
            
            
            When it comes to making changes to improve an
               existing process or system, organizations can take one of two approaches.

            
            
            
            The first is digital transformation, which is a
               form of reengineering. Reengineering involves major changes to processes or systems.
               It
               is accomplished using large projects and project management. Installing a new ERP
               system, adopting a new methodology such as lean, designing a new product and its
               production and logistics processes, or building a new distribution center and designing
               its process flows are all examples of digital transformations. 

            
            
            
            The second approach is continuous improvement,
               which is small-step incremental improvement that makes an existing process or system
               work more efficiently or more effectively. Continuous improvement is necessary even
               if
               an organization is running reengineering projects.

            
            

         
         
         
         
   
      
         
         
         
         Support Digital
            Transformation

         
         
         
         
            
            
            Here we define digital transformation and
               reengineering and then address considerations for supporting digital transformation.
               This includes making maturity assessments using tools such as the Digital
               Capabilities Model for Supply Networks and the Capability Maturity Model Integration
               tool. Common reasons for misalignment, ways to assess transformation readiness, and
               some red flags for transformation failure risk are addressed.

            
            

         
         
         
         
         
            
            
            Digital Transformation and Reengineering Road Map

            
            
            
            
               
               
               Digital transformation or Industry 4.0 describes a process shift and a culture shift
                  to
                  embrace regular change, plus implementation of a number of processes and technologies
                  to
                  optimize the supply chain and raise the supply chain maturity level. Optimized supply
                  chains, such as those at the orchestrated supply chain maturity level, reduce their
                  costs
                  and maintain a targeted level of customer service in part by enabling secure, streamlined
                  exchanges of planning and transactional information within and among supply chain
                  organizations. A digital transformation starts with strategy and then works backward
                  to
                  determine the organizational capabilities that are needed to achieve that strategy.
                  These
                  capabilities are in turn enabled by people, processes, and technology, all of which
                  need to
                  be developed to gain those capabilities. Digital transformation is an example of
                  reengineering. 

               
               
               
               The ASCM Supply Chain Dictionary
                  defines business process reengineering (BPR) as

               
               
               
               
                  
                  a procedure that involves the fundamental
                     rethinking and radical redesign of business processes to achieve dramatic organizational
                     improvements in such critical measures of performance as cost, quality, service, and
                     speed. Any BPR activity is distinguished by its emphasis on process, rather than functions
                     and products, and the customers for the process.

                  

               
               
               
               It is important to understand the distinctions between
                  digitization, digitalization, and automation.

               
               
               
               
                  
                  
                  	
                     
                     
                     Digitization is creating a digital representation
                        of a physical object, such as an electronic version of an invoice. This level simply
                        makes data machine-readable.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Digitalization is digitization plus making a
                        previously human-driven transaction into an online one that is essentially the same
                        but
                        more efficient.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Automation is digitalization plus redesign of
                        transactions to omit the need for human intervention except as needed for proper checks
                        and balances, to manage exceptions, or to determine how to leverage opportunities
                        or
                        address threats.

                     
                     

                  
                  

               
               
               
               The digital transformation goes way beyond simple
                  digitization of trade documents or even digitalization of control systems such as
                  remote
                  sensors triggering an automated response. The digital transformation or Industry 4.0
                  goes a
                  step further, including by ensuring that electronic documentation travels seamlessly
                  among
                  supply partners, trade intermediaries, and customs authorities. Demand data from customers
                  may feed directly into not only finished goods planning but also raw materials and
                  suppliers’ planning systems. Digitalized control systems are moved from being locally
                  controlled to being controlled remotely and centralized, such as by using a control
                  tower.

               
               
               
               Note how in Exhibit 9-47, digital transformation and continuous improvement are key inputs to logistics
                  strategy. Note also how this forms a cycle, meaning that strategy also directs these
                  large
                  (and small) scale changes and improvements.

               
               
               
               
                  Exhibit 9-47: Logistics Planning and Control
                  
                  [image: A diagram illustrating the logistics planning and control model. Go to long description for more details.]
                  
                  
                  
                     Go to long description.
                     

                  
                  
               
               
               
               It is important to
                  realize that such “radical redesign” will not usually succeed unless executives
                  champion the project, continue to reinforce its necessity, and invest
                  in formal change management. Often these types of changes will also
                  require changes in the culture of the organization.

               
               

            
            

         
         
         
         
            
            
            Fundamental
               Changes

            
            
            
            
               
               
               If a transformation is to avoid serious misalignments and
                  issues, fundamental changes may be needed in organizational culture, structures,
                  policies, procedures, technologies, or people capabilities. Here we present some
                  best practices that may be employed when considering how to redesign the
                  organization or its strategies.

               
               
               
               In Digital Transformation of the Supply
                     Chain by Albert Tan and Sameer Shukkla, the authors present
                  a set of redesign principles that help guide making fundamental changes
                  in supply chain processes:

               
               
               
               
                  
                  
                  	
                     
                     
                     Organize work around
                        outcomes, not tasks.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Let
                        those who use the process perform the process.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Capture
                        information once—at the source.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Put
                        the decision point where the work is performed and build control
                        in the process.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Treat
                        geographically dispersed resources as though they were centralized.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Link
                        or convert sequential activities into parallel activities.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Design
                        the process for the dominant flow, not for the exceptions.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Look
                        for ways to postpone the final product.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Exploit
                        resource pooling to avoid suboptimization.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Avoid
                        duplicating tasks with supply chain partners.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Outsource
                        non-core processes.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Maturity Assessment
               Tools

            
            
            
            
               
               
               
               In order to successfully
                  transform a supply chain, it is important to have an accurate understanding
                  of where your organization stands with regard to current functionality compared
                  to the targeted endpoint for the transformation. Maturity assessments identify
                  multiple levels or stages of performance that an organization may
                  be currently located in for whatever criteria or categories it includes.
                  An organization may be at different levels from category to category.

               
               
               
               Recall the maturity stages discussed elsewhere
                  in these materials:

               
               
               
               
                  
                  
                  	
                     
                     
                     Stage 1—Multiple dysfunction

                     
                     

                  
                  
                  
                  	
                     
                     
                     Stage 2—Semifunctional enterprise

                     
                     

                  
                  
                  
                  	
                     
                     
                     Stage 3—Integrated enterprise

                     
                     

                  
                  
                  
                  	
                     
                     
                     Stage 4—Extended enterprise

                     
                     

                  
                  
                  
                  	
                     
                     
                     Stage 5—Orchestrated supply chain

                     
                     

                  
                  

               
               
               
               There are a variety of other maturity assessments that an
                  organization may choose to use, with varying scopes and purposes. All of the big
                  five consulting firms have their own quantitative maturity assessments. For example,
                  PriceWaterhouseCoopers (PwC) has a maturity model that accompanies its SCORmark
                  benchmarking service.

               
               
               
               In another example,
                  the Deloitte-TM Forum model takes a broad view of maturity, examining
                  the organization’s maturity across five dimensions:

               
               
               
               
                  
                  
                  	
                     
                     
                     Customer

                     
                     

                  
                  
                  
                  	
                     
                     
                     Strategy

                     
                     

                  
                  
                  
                  	
                     
                     
                     Technology

                     
                     

                  
                  
                  
                  	
                     
                     
                     Operations

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organization
                        and culture

                     
                     

                  
                  

               
               
               
               There are also models
                  for maturity in specific areas:

               
               
               
               
                  
                  
                  	
                     
                     
                     If working to improve
                        healthcare supply chains, one can leverage the ASCM Global Health
                        Supply Chain (GHSC) Initiative, which includes a self-assessment
                        and tools to identify meaningful, low-cost supply chain improvements.
                        (See www.ascm-ghsc.org.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     If
                        working on demand-driven material requirements planning (DDMRP)
                        or its broader processes, one might use the Demand-Driven Institute’s
                        Adaptive Enterprise Model Development Path.

                     
                     

                  
                  
                  
                  	
                     
                     
                     If
                        working on a big data initiative, an analytics maturity assessment
                        may focus on how the organization identifies and analyzes big data.
                        At the low maturity end of the spectrum, the organization may currently
                        simply have an understanding of what data it wants to use; on the
                        high maturity end, it may be feeding data to artificial intelligence
                        and machine learning initiatives.

                     
                     

                  
                  

               
               
               
               
                  
                  Digital Capabilities Model (DCM) for
                     Supply Networks

                  
                  
                  
                  
                  The
                     Digital Capabilities Model (DCM) for Supply Networks was introduced
                     elsewhere in these materials. Because this model features a network
                     of advanced Industry 4.0 digital capabilities and their input and
                     output relationships, it can be used by organizations to assess
                     their supply chain maturity relative to the fifth supply chain maturity
                     level, the orchestrated supply chain.

                  
                  
                  
                  From this larger set of potential capabilities,
                     organizations should prioritize various capabilities as needed to
                     fit their strategy or address gaps. Deloitte, in “Deloitte’s Digital
                     Capabilities Model for Supply Networks,” shares a series of questions
                     to use to create a road map, which can then be synthesized, piloted,
                     and implemented:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        What
                           is our winning aspiration?

                        
                        

                     
                     
                     
                     	
                        
                        
                        Where
                           will we play?

                        
                        

                     
                     
                     
                     	
                        
                        
                        How
                           will we win?

                        
                        

                     
                     
                     
                     	
                        
                        
                        What
                           capabilities must we have?

                        
                        

                     
                     
                     
                     	
                        
                        
                        What
                           elements do we need?

                        
                        

                     
                     

                  
                  
               
               

            
            

         
         
         
         
            
            
            Common Misalignment
               Causes

            
            
            
            
               
               
               Misalignments are common but preventable
                  sources of transformation failure. The potential causes of transformation
                  misalignments are numerous and varied. Common misalignment causes
                  include

               
               
               
               
                  
                  
                  	
                     
                     
                     Unspoken disagreement
                        on the transformation vision among top leaders or other lack of
                        internal alignment

                     
                     

                  
                  
                  
                  	
                     
                     
                     Poorly
                        defined or vague transformation goals

                     
                     

                  
                  
                  
                  	
                     
                     
                     Failure
                        to achieve or plan for ROI

                     
                     

                  
                  
                  
                  	
                     
                     
                     Lack
                        of organizational support (financial or policy) or failure to follow
                        through on resource commitment (financial or personnel/expertise)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Fragmented
                        supply chain strategies across an organization (may lead to competing
                        and/or incompatible efforts to improve the supply chain)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Poorly
                        executed or errant sales and operations planning

                     
                     

                  
                  
                  
                  	
                     
                     
                     Absence
                        of a plan for technology investments and upgrades

                     
                     

                  
                  
                  
                  	
                     
                     
                     Improperly
                        matched organizational structure or culture and ERP systems

                     
                     

                  
                  
                  
                  	
                     
                     
                     Expansive,
                        disorganized, or overly bureaucratic organizational structure

                     
                     

                  
                  
                  
                  	
                     
                     
                     Lack
                        of planned interoperability

                     
                     

                  
                  
                  
                  	
                     
                     
                     Merger
                        and acquisition side effects

                     
                     

                  
                  
                  
                  	
                     
                     
                     Poor
                        standardization, utilization, or management of existing technology
                        and/or business processes

                     
                     

                  
                  
                  
                  	
                     
                     
                     Improper/unconsidered
                        expansion from supply chain to value chain concept

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reliance
                        on same team for piloting and then scaling even though scaling requires
                        a different skill set

                     
                     

                  
                  
                  
                  	
                     
                     
                     Failure
                        to identify new areas of improvement

                     
                     

                  
                  
                  
                  	
                     
                     
                     Significant
                        underestimation of the need for or challenge of change management.

                     
                     

                  
                  

               
               
               
               Many of the above issues
                  may be directly addressed through the creation and maintenance of
                  a supply chain strategy. That being said, many organizations are reluctant
                  to commit the necessary time and resources to develop such a strategy.
                  This may be because organizational leadership does not understand
                  the scope of the supply chain and its potential impact, because
                  supply chain complexity is daunting, because leaders are taking
                  a short-term profitability focus exclusively, or because the organization
                  prides itself on being able to act without significant planning
                  and strategy outlays.

               
               

            
            

         
         
         
         
            
            
            Assess Readiness
               for Transformation

            
            
            
            
               
               
               Given completed maturity
                  assessments and consideration of macroeconomic and other external
                  drivers, an organization should have an understanding of its current performance
                  state and the reasons it should be seeking transformation. However, there
                  are other common barriers that may need to be accounted for to truly understand
                  how ready an organization is to undergo transformation.

               
               
               
               
                  
                  Organizational Culture

                  
                  Organizational
                     culture plays an important role in the ability to transform. All organizations
                     have positive and negative performance attributes, but how they understand
                     and react to these attributes varies. Some organizations focus on
                     positive performance and are reluctant to admit to issues and opportunities
                     to improve; others focus nearly exclusively on negative performance
                     issues.

                  
                  
                  Success
                     can generally be found somewhere in the middle. Organizations should
                     not undersell important negative issues or punish the bearer of
                     bad news. These actions prevent improvement or encourage poor visibility.
                     Similarly, the organization needs to recognize good performance
                     where it exists and maintain an attitude that improvement is within
                     reach. This is important for morale.

                  
                  
                  
                  Also crucial is the organizational attitude
                     toward change. Resistance to change is a major reason for the failure
                     of a transformation to deliver intended results. Regular use of
                     well-founded change management strategies creates change readiness.

                  
                  
                  Culture may also include
                     the adoption and use of important terminology, metrics, and customer
                     focus and underlying acknowledgment of associated risks. Though
                     an organization may exhibit tendencies that indicate it is ready
                     for digital supply chain transformation, actual readiness requires
                     fully embracing new metrics of success and risk. Otherwise, a digital
                     transformation may improve the wrong things or fail to recognize
                     key risks. It is also important not to declare the success of the transformation
                     too soon. Success means that the change has been embraced by the culture
                     and is part of standard operations and that the selected KPIs are
                     showing the desired improvement.

                  
               
               
               
               
                  
                  Times of Struggle

                  
                  
                  When an organization performs poorly due
                     to poor internal performance or external macroeconomic factors,
                     an opportunity is created to level-set organizational processes.
                     However, poor performance also creates pressures to stop investing
                     in new processes and improvements to cut costs, often on short notice.
                     Creating and implementing an entirely new supply chain strategy
                     may take too long, but undergoing a supply chain assessment before
                     making any cuts can help an organization tailor the cuts toward
                     future improvement. By avoiding cuts across the board or poorly
                     targeted cuts, it is possible to set up for future transformations.

                  
               
               
               
               
                  
                  Current
                     Technology and Supply Chain Maturity

                  
                  Maturity assessments may indicate transformation readiness, depending on which
                     models are used. No matter how current technological capabilities and institutional
                     expertise are
                     appraised, it is crucial to ensure that the organization has the ability to execute
                     the tactical
                     steps necessary to implement supply chain transformation. This may require recruitment
                     and training
                     of personnel or the acquisition of new technologies to facilitate changes.

                  
                  
                  Indeed, Industry 4.0 or orchestrated maturity level transformation of supply chains
                     is possible
                     only where an organization is already sufficiently advanced. Where the supply chain
                     largely consists
                     of ad hoc processes or processes exist at a highly “traditional” level, with significant
                     oversight
                     and coordination required by representatives from various functions required for success,
                     transformation may need to take the form of a maturity improvement. Only once cooperation
                     between
                     departments, suppliers, and customers has been created and cross-functional teams
                     with shared
                     measures and goals are used may a transformation take place.

                  
                  
                  
                  Consideration of
                     current technology also includes the quality of the organization’s current master
                     data. Master data is defined in the ASCM Supply
                        Chain Dictionary as follows:

                  
                  
                  
                     
                     An enterprise’s essential core data consisting of basic
                        information needed across the enterprise to conduct business. Master data describes
                        the core
                        entities of the enterprise, including products, customers, suppliers, sites, and charts
                        of
                        accounts.

                     

                  
                  
                  Master data management is crucial to the success of any
                     analytical programs, AI, IOT, automation, and other efforts.

                  
               
               
               
               
                  
                  People

                  
                  
                  
                  
                  Appropriate consideration
                     of the people in an organization is crucial as well. People, obviously,
                     make up the culture, and they execute the necessary changes during
                     a transformation. However, the multifaceted roles and needs of the
                     organization’s employees are often overlooked. People need to feel
                     that their voice is being heard, and when it is, you can make them
                     part of the solution. When people feel unheard, this is a red flag
                     for transformation failure.

                  
                  
                  
                  A digital supply chain transformation requires
                     project team members with sufficient expertise in technology, process,
                     and change management. It also requires team members with appropriate
                     people management skills. So-called “soft” issues (for example,
                     emotional attachment or pride in current work and accomplishments,
                     fear of the unknown) are important to overall success and attaining
                     organizationwide buy-in.

                  
                  
                  
                  For
                     example, simply stating that a supply chain transformation will
                     lead to more organizational profit is unlikely to motivate individuals
                     to actively comply with updated standards and participate in changed
                     processes. They need intrinsic motivation. They must understand
                     how their jobs will be tangibly improved or made easier through
                     the transformation. Fears of job loss or position obsolescence need
                     to be addressed head on with honesty and in a timely manner. If
                     persons will be given opportunities to retrain or apply for new
                     roles, this needs to be communicated.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Identify Red
               Flags

            
            
            
            
               
               
               Red flags refer to important warning signs,
                  such as signs of transformation failure. There are a host of red
                  flags to check for to prevent issues or failures later in the process.

               
               
               
               An
                  important pitfall to avoid arises in the form of decision-making biases. Every human
                  exhibits some form of bias, often originating from cognitive assumptions or
                  shortcuts that underlie the decision-making processes that the brain uses. Studies
                  have identified many forms of cognitive bias; it is not possible to account for all
                  of these in all efforts. However, awareness of a handful of common and important
                  biases may be useful to prevent avoidable failures. These biases are described in
                  Exhibit 9-48.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 9-48: Common Forms of Bias
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Bias

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Description

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Anchoring

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Initial
                                    information is favored in decision-making processes, without adjustments for
                                    subsequent information.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Availability

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Decisions
                                    are made based on easily accessed information and options, thereby avoiding
                                    consideration of alternatives.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Confirmation

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Tendency
                                    of individuals to seek and value information that supports their preexisting
                                    opinion or point of view.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Framing

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Decision
                                    making is altered due to the method that is used to express a problem
                                    or fact.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Groupthink

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Groups
                                    of individuals set aside critical thinking, preferring instead to
                                    maintain agreement and consensus within the group.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Overconfidence

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Individuals
                                    are overly confident in their ability or misjudge the likelihood
                                    of something occurring.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Selective
                                    perception

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Interpretations
                                    and decisions are made based on an individual’s own perceptions, excluding
                                    perceptions of others.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Sunk
                                    cost

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Resources
                                    that have already been expended (and are not recapturable) dictate future
                                    decision making, leading to the failure to cut losses or evaluate
                                    better alternatives.

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               Some of those forms of bias may directly lead to common
                  transformation mistakes. For example, overconfidence may lead to the belief that a
                  potential technology will solve a major issue for an organization (or meet a major
                  goal of a transformation effort). By disregarding risk and overestimating the
                  likelihood of success, an organization may invest in the use of a technology at
                  scale, without initiating small-scale testing. Unforeseen drawbacks and struggles
                  that arise may be very costly to control once deployed at scale across an
                  organization or supply chain. Poorly training users or poorly preparing them for
                  change can also have overconfidence as a cause.

               
               
               
               Multiple cultural issues
                  manifesting in the workforce may be functional red flags as well:

               
               
               
               
                  
                  
                  	
                     
                     
                     Low opinion or ownership
                        of the supply chain strategy

                     
                     

                  
                  
                  
                  	
                     
                     
                     Poor
                        attitudes and low levels of commitment

                     
                     

                  
                  
                  
                  	
                     
                     
                     Unavailable
                        or incompetent organizational leadership

                     
                     

                  
                  
                  
                  	
                     
                     
                     Presence
                        of a silo mentality across organizational functions

                     
                     

                  
                  
                  
                  	
                     
                     
                     Toxic
                        behavior by employees, including

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Antagonistic
                              actions

                           
                           

                        
                        
                        
                        	
                           
                           
                           Argumentativeness

                           
                           

                        
                        
                        
                        	
                           
                           
                           Open
                              hostility or stonewalling

                           
                           

                        
                        
                        
                        	
                           
                           
                           Work
                              avoidance

                           
                           

                        
                        
                        
                        	
                           
                           
                           Uncooperativeness

                           
                           

                        
                        
                        
                        	
                           
                           
                           Malicious
                              compliance

                           
                           

                        
                        
                        
                        	
                           
                           
                           Corruption

                           
                           

                        
                        
                        
                        	
                           
                           
                           Undependability

                           
                           

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Explore Methodologies Requiring Digital Transformation

         
         
         
         
            
            
            This area discusses examples of methodologies that require
               digital transformation to be implemented successfully.

            
            

         
         
         
         
         
            
            
            Lean

            
            
            
            
               
               
               Lean initiatives focus
                  on successive rounds of reduction or elimination of waste in all areas.
                  The ASCM Supply Chain Dictionary identifies
                  “lean” and “lean manufacturing” as synonyms for lean production, which it defines as

               
               
               
               
                  
                  a
                     philosophy of production that emphasizes the minimization of the
                     amount of all the resources (including time) used in the various
                     activities of the enterprise. It involves identifying and eliminating
                     non-value-adding activities in design, production, supply chain
                     management, and customer management. Lean producers employ teams
                     of multiskilled workers at all levels of the organization and use
                     highly flexible, increasingly automated machines to produce volumes
                     of products in potentially enormous variety. Lean production contains
                     a set of principles and practices to reduce costs through the relentless
                     removal of waste and through the simplification of all manufacturing
                     and support processes.

                  

               
               
               
               Lean is a production philosophy
                  that must be lived and breathed by everyone in the organization,
                  especially logistics, if it is to succeed. Lean requires redesign
                  of facilities, distribution networks, inventory policies, and organizational
                  principles. It requires redefining the organization’s culture as
                  a lean culture. If the organization is or is working to become a
                  lean organization, logistics professionals will need to apply the objectives
                  of lean to practically every decision they make. Once lean is in
                  place, it becomes a vehicle for continuous improvement. Note that
                  rather than adopting lean in full, many organizations instead decide
                  to adopt just the portions of lean that work for them. This may
                  not produce such radical results but can still help make major improvements.

               
               
               
               Lean
                  evolved from a philosophy called just in time, and some organizations continue to
                  use this
                  approach rather than the more expansive lean process. The ASCM
                     Supply Chain Dictionary defines just in time (JIT)
                  as

               
               
               
               
                  
                  a
                     philosophy of manufacturing based on planned elimination of all
                     waste and on continuous improvement of productivity. It encompasses
                     the successful execution of all manufacturing activities required
                     to produce a final product, from design engineering to delivery,
                     and includes all stages of conversion from raw material onward.
                     The primary elements of just in time are to have only the required inventory
                     when needed; to improve quality to zero defects; to reduce lead
                     times by reducing setup times, queue lengths, and lot sizes; to
                     incrementally revise the operations themselves; and to accomplish
                     these activities at minimum cost. In the broad sense, it applies
                     to all forms of manufacturing—job shop, process, and repetitive—and
                     to many service industries as well.

                  

               
               
               
               In Managing Supply Chains, Coyle
                  et al. note four elements in JIT:

               
               
               
               
                  
                  
                  	
                     
                     
                     Zero inventories

                     
                     

                  
                  
                  
                  	
                     
                     
                     Short,
                        consistent lead times

                     
                     

                  
                  
                  
                  	
                     
                     
                     Small
                        and frequent replenishment of inventory

                     
                     

                  
                  
                  
                  	
                     
                     
                     High
                        quality (“zero defects”)

                     
                     

                  
                  

               
               
               
               
                  
                  Lean
                     Objectives

                  
                  
                  Exhibit 9-49 lists
                     the objectives of lean.

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 9-49: Lean Objectives
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	 
                                 
                                 
                                 	 
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    1.

                                    
                                 
                                 
                                 	
                                    
                                    Make only those
                                       products and services customers actually want.

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    2.

                                    
                                 
                                 
                                 	
                                    
                                    Match the production
                                       rate to the demand rate.

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    3.

                                    
                                 
                                 
                                 	
                                    
                                    Make products
                                       and services with perfect quality.

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    4.

                                    
                                 
                                 
                                 	
                                    
                                    Make products
                                       and services with the shortest possible lead times.

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    5.

                                    
                                 
                                 
                                 	
                                    
                                    Include only
                                       features actually in demand, excluding all else.

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    6.

                                    
                                 
                                 
                                 	
                                    
                                    Keep labor, equipment,
                                       materials, and inventory in motion, with no waste or unnecessary
                                       movement.

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    7.

                                    
                                 
                                 
                                 	
                                    
                                    Build worker
                                       learning and growth into each operational activity.

                                    
                                 

                              
                           

                        

                     

                  
                  Logistics
                     produces services as part of a product/service package, so just
                     as production professionals are empowered under lean to produce
                     just what customers want and nothing else, logistics professionals
                     are empowered to match customer service to customers’ priorities,
                     eliminating unnecessary service features. Individuals are at the center
                     of making lean possible. The system is designed to challenge each
                     person to learn and grow so he or she can identify each little or
                     big improvement, be that aligning more closely with what customers
                     want or getting the same thing done with fewer steps.

                  
                  
                  Lean matches supply with demand by producing only what is in
                     demand and only at the rate it is demanded. This might mean slowing production when
                     demand
                     slows. This sets the pace for logistics activities, too. Keeping inventory in motion
                     might
                     promote more use of cross-docking, for example (other warehouse models are not lean).
                     Also, since customers are segmented and not uniform in what they demand, producing
                     only
                     what customers want leads to the conclusion that everyone needs to make it their job
                     to
                     determine when and how to customize the product/service package. Efficient customization
                     is the goal.

                  
                  
                  A premise of lean is that the least amount
                     of waste will result in the lowest costs. Synchronizing supply with
                     demand in itself eliminates a vast amount of waste that would otherwise
                     enter the logistics network, but this is just the start of waste elimination
                     for lean. Other forms of waste are explored next, and these tie
                     in with many of the other objectives of lean such as minimizing
                     lead times or unnecessary movements.

                  
               
               
               
               
                  
                  Forms
                     of Waste

                  
                  
                  
                  Under lean, waste can be defined as

                  
                  
                  
                  
[image: ../images/1f-1_2_-_lean_01_id179JA0K0F5Z_mathml_32_width_561.png]


                  
                  
                  Value, in this sense, is anything the customer is
                     willing to pay for. Time spent waiting, materials that are defective, storage of any
                     kind,
                     and even product inspections are all forms of waste under lean because they add no
                     value.
                     Inspection can’t create better quality, it just separates the bad from the good. If
                     a
                     process is designed so as to be unable to create bad products, then there is no need
                     for
                     inspection. The customer will not notice any difference in the end result. One way
                     this is
                     accomplished is by making everyone responsible for ensuring the reliability of their
                     process, with everyone able to halt a process to ensure that it proceeds flawlessly
                     thereafter. Preventing defective products from being manufactured prevents waste due
                     to
                     scrap, rework, and customer returns.

                  
                  
                  
                  Let’s explore the eight forms of waste in lean. A helpful
                     mnemonic to remember these is “Tim Woods.”

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Transportation:
                              
                           Excessive movement of
                              people, things, or information
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Inventory:
                              
                           Storage of materials
                              prior to a demand signal
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Motion:
                              
                           Unnecessary handling,
                              walking, driving, bending, lifting, reaching, or turning
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Waiting:
                              
                           Idle time caused by
                              lack of direction, instructions, information, parts, or equipment
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Overproduction:
                              
                           Make more than
                              immediately required
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Overprocessing:
                              
                           Higher-grade materials
                              or tighter tolerances than required
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Defects:
                              
                           Scrap, rework, and
                              erroneous documentation
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Skills:
                              
                           Worker underutilization
                              or empowerment beyond capabilities
                           

                        
                        

                     

                  
                  
                  The big philosophical shift in lean is that anything that is
                     intended as a workaround to compensate for a system deficiency is getting in the way
                     of
                     perfecting the system. Of the workarounds that cover for problems in a system, none
                     is
                     more heavily used than inventory. It insulates the organization from feeling the pain
                     of
                     rework and scrap caused by process variation and of long setup times, idle equipment,
                     long
                     picking queues, late deliveries, parts shortages, quality issues, and returns. It’s
                     better
                     to feel the pain immediately and work to prevent it. Therefore, in the words of
                     just-in-time guru Shigeo Shingo, “Inventory is evil.” This might be more accurately
                     (but
                     less poetically) expressed as “Inventory not in motion is evil.”

                  
                  
                  
                  How do you apply lean waste elimination to your job? If you
                     work in materials handling, you can ensure that an inventory item is handled the minimum
                     number of times. Invest in picking software that plans pick routes with the minimum
                     number
                     of worker steps. Use cross-docking to eliminate inventory storage (inventory not in
                     motion). The lean goal of zero inventory is too idealistic to be achieved in most
                     industries, so a realistic goal is to keep less and less inventory without harming
                     service
                     levels. Start by justifying a purpose for each place in which inventory is held, and
                     then
                     try to eliminate that need whenever possible. In transportation, route and schedule
                     each
                     journey over the shortest overall distance consistent with total cost minimization.
                     Develop less-expensive methods of short lead-time shipping when possible, especially
                     for
                     inbound materials to plants. Make returns as unnecessary as possible. Keep analyzing
                     and
                     eliminating the causes of returns, and the function itself can shrink.

                  
                  
                  In
                     general, keep all equipment clean, all areas tidy, have a place
                     for everything and everything in its place, and believe in and practice
                     preventive maintenance. Synchronize the timing of people, materials,
                     and information so that everything is where it needs to be just
                     when it needs to be there. That is practically the definition of logistics,
                     after all.

                  
                  
                  Lean takes
                     a problem-solving approach to waste, looking for waste in one of
                     three major areas. Taiichi Ohno described these as muda, mura, and
                     muri, which are Japanese terms for

                  
                  
                  
                     
                     	
                        
                        Activities
                           that consume resources but create no customer value (muda)

                        

                     
                     
                     	
                        
                        Demand
                           or activities that are inconsistent or uneven (mura)

                        

                     
                     
                     	
                        
                        Overburdening
                           of workers or processes (muri).

                        

                     

                  
                  
                  With this problem-solving approach, you
                     will see a cause-and-effect relationship between these areas. The
                     second two points are often the root cause of the first, which is
                     basically a description of waste in its many forms.

                  
                  
                  Let’s consider an example.
                     At year end, an organization gives salespersons incentives to meet
                     their quotas. They convince customers to buy more than they need,
                     which creates a spike in demand. This results in manufacturing and
                     logistics working extra hard to meet that demand. The overburdened
                     employees make mistakes, skip quality controls, and rush things.
                     There are delays as processes speed up just to flow into a bottleneck
                     after which there is idle time. Furthermore, in January, demand
                     is unusually low as distributors return excess inventory, and this
                     creates more waiting and wasted activity.

                  
               
               
               
               
                  
                  House of Toyota

                  
                  
                  
                  
                  The
                     House of Toyota, also called a house of lean, is a framework commonly used to explain
                     the
                     entire scope of lean. The House of Toyota graphic was created by Taiichi Ohno and
                     Eiji
                     Toyoda of Toyota to help explain the Toyota Production System to employees and suppliers.
                     In Exhibit 9-50 we see a typical representation of
                     the House of Toyota.

                  
                  
                  
                  
                     Exhibit 9-50: House of Toyota[image: The image depicts a house-shaped diagram that represents lean enterprise principles. Go to long description for more details.]
                  Source: APICS Lean
                        Enterprise Workshop Series.

                  Go to long description.

                  
                  
                  
                  
                  Although Toyota has had its issues such as recalls,
                     the company is still a good example of lean production. These quality issues reaffirm
                     the
                     critical importance of a company aligning its long-term quality strategy and value
                     proposition with its shorter-term growth strategy, thereby ensuring that value will
                     continue to exist.

                  
                  
                  
                  
                     
                     
                     Foundation

                     
                     
                     
                     The metaphor of a house was used to convey stability. Operational
                        stability (the house foundation) implies stable demand and processes through leveling,
                        standardized work, and processes improved through kaizen. Let’s look more closely
                        at
                        these three terms.

                     
                     
                     
                     
                        
                        	
                           
                           
                           The ASCM Supply Chain
                                 Dictionary tells us that load leveling
                              (also referred to as capacity smoothing or level loading) is defined as follows.

                           
                           
                           
                           
                              
                              Spreading orders out in time or rescheduling
                                 operations so that the amount of work to be done in sequential time periods tends
                                 to be distributed evenly and is achievable. Although both material and labor are
                                 ideally level loaded, specific businesses and industries may load to one or the
                                 other exclusively (e.g., service industries).

                              

                           
                           
                           
                           In the Toyota Production System, heijunka is the Japanese term akin to leveling. The
                              ASCM Supply Chain Dictionary defines it as part
                              of the just-in-time philosophy and as “an approach to level production throughout
                              the supply chain to match the planned rate of end product sales.”

                           
                           

                        
                        
                        	
                           
                           
                           Standardized
                                 work (or standard work) has been compared to the steps in a dance; it defines
                              tasks (such as content, sequence, and timing) to achieve an optimum process in the
                              time available.

                           
                           

                        
                        
                        	
                           
                           
                           The ASCM Supply
                                 Chain Dictionary defines kaizen as
                              follows:

                           
                           

                        

                     
                     
                     
                     
                        
                        Continuing improvement involving
                           everyone—managers and workers. In manufacturing, kaizen relates to finding and
                           eliminating waste in machinery, labor, or production methods.

                        

                     
                     
                  
                  
                  
                     
                     
                     Roof

                     
                     
                     
                     The House of Toyota roof contains the primary goals
                        of the Toyota Production System achieved by eliminating waste. The primary goal is
                        to
                        have a customer focus, which is addressed in detail elsewhere since this is basically
                        customer relationship management. Other goals include the following:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Best quality.
                              One-piece or continuous flow improves quality because the next (downstream) process
                              uses the piece shortly after it has been produced at the previous (upstream)
                              process. Unless there is batch processing, there will be very few pieces produced
                              with a defect because a defective item should be found soon after it is made. (If
                              there is batch processing, a quality problem could potentially be replicated in the
                              entire batch before it is found in a downstream process.)

                           
                           

                        
                        
                        	
                           
                           
                           Lowest cost.
                              A premise of lean is that the least amount of waste will result in the lowest costs.
                              It should be noted, however, that if standard cost accounting is used for lean
                              projects, the results will actually make it appear as though many lean efforts are
                              having a seemingly negative financial effect on the organization. Here is why: When
                              management accounting methods came into being in the early 1900s, they were designed
                              to support manufacturers that produced large batches of products with long lead
                              times. These manufacturers were also intent on having significant inventory for
                              their customers. Thus, traditional management accounting measurements focused on
                              planned versus actual direct costs and overhead (e.g., machine utilization, cost
                              variance, budget adherence). Lean accounting instead focuses on delivery to the
                              customer (e.g., through cycle time and inventory turns).

                           
                           
                           
                           Lean accounting
                              also necessitates different types of financial, behavioral, and core process
                              performance metrics. A lean metric is one “that
                              permits a balanced evaluation and response, such as improving quality without
                              sacrificing quantity objectives” (ASCM Supply Chain
                                 Dictionary).

                           
                           
                           
                           Thus management accounting does not capture or
                              reflect significant productivity gains due to lean practices. It also tends to make
                              profits appear lower than they actually are, even though cash flow has improved due
                              to lean processes.

                           
                           

                        
                        
                        	
                           
                           
                           Shortest
                                 (delivery) lead time. With lean’s emphasis on activities such as one-piece
                              flow and pull systems, queue times (wait times for a product awaiting the next step
                              in a process) often shrink significantly. The result is typically a short lead time
                              to the customer.

                           
                           

                        

                     
                     
                  
                  
                  
                     
                     
                     Two
                           Pillars

                     
                     
                     
                     Jidoka and Just-in-Time are two important lean concepts. They are
                        shown as the outer pillars in the House of Toyota. The house will not stand without
                        both
                        pillars.

                     
                     
                     
                     
                        
                        	
                           
                           
                           Jidoka. Jidoka is a Japanese term that can be loosely
                              translated as “automation with a human touch.” In the House of Toyota, jidoka is
                              facilitated by line stoppage, the separation of operator and machine activities,
                              mistake-proofing, and in-station (visual) control.

                           
                           
                           
                           Jidoka is sometimes referred to as “intelligent
                              automation” or “autonomation.” It is the ability to stop production lines, by human
                              or machine, in the event of problems such as equipment malfunction, quality issues,
                              or late work. Specially equipped machines can stop a process immediately when a
                              problem occurs and signal for help. Operators stop work and correct the problem.
                              Sometimes managers or supervisors are involved, depending upon the magnitude of the
                              problem. Whether the stoppage is manual or automated, jidoka prevents defective
                              products from being produced. It helps identify and correct problem areas using
                              localization and isolation.

                           
                           
                           
                           Poka-yoke is a tool used to support jidoka. Often
                              referred to as mistake-proofing or error-proofing, the term comes from “poka,” which
                              means “error,” and “yokeru,” which means “to avoid.” Poka-yoke is a failure mode
                              control—a method or device to detect abnormal conditions and stop the process. An
                              example of poka-yoke is a component with a flange that allows it to be installed in
                              one way only rather than being able to be installed backward by accident.

                           
                           
                           
                           In-station control (also referred to as visual
                              control or problem visualization) describes the sequence when a problem arises.
                              Since the equipment stops when an abnormality is detected, a single operator can
                              visually monitor and efficiently control many machines. A problem display board
                              (usually electronic) called “andon” allows an operator to identify problems in the
                              production line at a glance. The problem is corrected, and improvements are
                              incorporated into the standard workflow.

                           
                           

                        
                        
                        	
                           
                           
                           Just-in-Time. JIT allows
                              delivery of the right items at the right time to the right place in the right
                              amounts. Takt time, one-piece flow, and pull systems facilitate JIT. One-piece flow
                              and pull systems are described elsewhere; takt time needs further explanation.

                           
                           
                           
                           When a lean system is ticking along at the
                              perfect rate, its production of finished goods is exactly synchronized with the rate
                              of customer demand. This reduces inventories to a minimum, eliminating all but
                              work-in-process and in-transit inventories. The heartbeat of such a synchronized
                              system is called takt time. Derived from the German word for musical meter, takt
                              time uses this ratio:
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                           For example, say that customer demand for
                              walking chronometers is running at 1,000 units per day and available capacity is
                              rated at 700 minutes per day; takt time would be 0.7 minutes per unit (700 minutes
                              divided by 1,000 watches). The production system would then have to be designed to
                              produce a unit every 42 seconds (0.7 x 60 seconds), or capacity would have to be
                              increased.

                           
                           
                           
                           The end result of JIT is that each process
                              produces only what is needed by the next process in continuous flow.

                           
                           

                        

                     
                     
                     
                     A Just-in-Time system functions properly when all
                        of the parts that are made and supplied meet predetermined quality standards. Jidoka
                        supports this through the detection of errors or defects during production.

                     
                     
                  
                  
                  
                     
                     
                     Center of
                           House

                     
                     
                     
                     The center of the House of Toyota promotes the
                        following core lean principles.

                     
                     
                     
                     
                        
                        	
                           
                           
                           Culture of
                                 continuous improvement. In order for lean to be successful, organizational
                              leadership must relinquish hierarchical authority and create a culture of learning
                              and experimentation to support continuous improvement. The continuous improvement
                              mindset starts at the top, and everyone in the organization is involved. Employee
                              involvement plays an important role in lean manufacturing in terms of both
                              continuous improvement and quality control efforts. Employees are rewarded for
                              successful initiatives.

                           
                           

                        
                        
                        	
                           
                           
                           Respect for
                                 people. “People” means customers as well as people in the local communities
                              and employees. How is respect for people achieved? Safety is ensured, the wider
                              community is served, and employee morale is boosted. Organizations give back and
                              protect the wider community through green practices and other environmental
                              initiatives. Employees are empowered and take ownership for their work. Teams
                              facilitate creativity, effectiveness, and efficiencies.

                           
                           

                        

                     
                     
                  
               
               
               
               
                  
                  Lean
                     Works to Move the Push-Pull Frontier Upstream

                  
                  
                  Traditional make-to-stock manufacturing makes a product based on
                     forecasts and then pushes it to consumers. Since forecasts are often wrong, these
                     anticipatory systems often result in overstocks and stockouts. If each echelon does
                     its
                     own forecasting, this creates the bullwhip effect. On a micro scale, each operation
                     also
                     involves a push. A raw material is pushed into the production process. Finished goods
                     are
                     pushed to warehouses. Distribution centers may push to retailers, or retailers may
                     pull
                     from them.

                  
                  
                  Pull
                     takes the opposite approach. Imagine the customer purchase as if he or she were pulling
                     on
                     a rope that is attached to the product. This product has a rope attached to it that
                     pulls
                     on the distributor. The pull demand signal carries through to each prior echelon,
                     signaling a need for more production. Toyota, an originator of the JIT and lean systems,
                     developed a system of cards called kanbans for their manufacturing system. A kanban
                     is
                     used to signal a need for more production when it is shown or given to a prior production
                     cell.

                  
                  
                  
                  Most supply chains have a push component and a pull
                     component, so the following is important even if the organization is not contemplating
                     lean. Lean (and JIT) systems work to move from push systems to pull systems to the
                     degree
                     possible given logistical lead time requirements. However, at some point upstream,
                     as will
                     be explained, push systems will usually still be required. The boundary between these
                     two
                     methodologies is sometimes called the push-pull frontier.

                  
                  
                  In a pure pull system, the flow of inventory is determined by
                     customer demand and this cascades back through all of the echelons in the supply chain.
                     The inbound logistics system orders raw materials to arrive just as needed by the
                     first
                     production stations. The initial customer purchase is the pull signal for ordering
                     raw
                     materials provided that the lead time is short enough. If not, some forecasting may
                     still
                     be needed, meaning that a push system will remain in place up to that point. A lean
                     goal
                     is to move this push-pull frontier point further back. The end result of lean/JIT
                     is that
                     each process produces only what is needed by the next process in continuous flow.

                  
               
               
               
               
                  
                  Too Lean?

                  
                  
                  
                  
                  Note that the supply chain failures during the
                     COVID-19 pandemic caused a lot of debate about whether some organizations had grown
                     too
                     lean. A network that becomes too brittle can break. The complexity of a supply chain
                     impacts its risk profile. A simple supply chain is brittle but easy to manage, while
                     a
                     complex supply chain is more resilient but harder to manage. That is, a supply chain
                     with
                     few suppliers will have a lower risk of disruption due to having fewer failure points,
                     but
                     the lack of diversity will mean that a given disruption is likely to be highly disruptive
                     (this is why it is brittle). Conversely, a disruptive event in a diversified supply
                     chain
                     is much more likely to happen due to more potential points of failure (more resilient),
                     but alternate paths remain open so a given event is less likely to be highly disruptive.
                     

                  
                  
               
               

            
            

         
         
         
         
            
            
            Six Sigma

            
            
            
            
               
               
               Six
                  sigma is an important quality initiative. Like lean, implementing and maintaining
                  six sigma
                  is a significant investment. Any benefit-cost analysis done to justify such a program
                  needs
                  to fairly assess the savings and increased revenues it can provide.

               
               
               
               The ASCM Supply Chain Dictionary defines six sigma as

               
               
               
               
                  
                  a
                     methodology that furnishes tools for the improvement of business
                     processes. The intent is to decrease process variation and improve
                     product quality.

                  

               
               
               
               Six sigma aims to achieve
                  near-perfect products and services. The specific objective in a
                  six sigma organization is to get as close as possible to “zero defects,”
                  with an outer limit of 3.4 defects per million “opportunities.”
                  In six sigma language, a defect is anything that does not conform
                  to customer expectations, and an opportunity is any chance for nonconformance.

               
               
               
               Customers should experience disappointment no more than 3.4
                  times in a million opportunities—which is not the same thing as one million units
                  finalized
                  by a manufacturer, cargoes carried by an LSP, or other broad descriptions of a product
                  or
                  service offering. Customers have more than one expectation for any given product or
                  service.
                  For example, they may expect the right kit to be included, the right instructions,
                  the right
                  labels, the wait for their product to be short, and, of course, the right quantity,
                  item
                  list, quality, and order delivered. That would be eight opportunities for a defect
                  per unit
                  made or cargo carried, and the list could go on.

               
               
               
               Exhibit 9-51 illustrates
                  the aim of six sigma to reduce defects to near zero.

               
               
               
               
                  Exhibit 9-51: Six Sigma Control[image: This image depicts a bell curve representing the concept of Six Sigma quality control. The curve illustrates that 99.9997% of opportunities (represented by the area under the curve) fall within six standard deviations (or “six sigmas”) from the target on both sides.]
               
               
               
               
               The opportunities for a
                  defect can be mapped on a bell curve with the target value in the
                  center. If the process is in compliance with six sigma, then about
                  99.9997 percent of those opportunities will fall within six standard
                  deviations (or sigmas, σ) from the target value. That will leave
                  only 3.4 opportunities per million (just over 0.0003 percent) that
                  result in defects.

               
               
               
               By contrast, traditional
                  quality goals often set the level at three sigmas to either side of
                  the mean. (The mean is the target in the exhibit.) Three sigmas
                  corresponds to 99.74 percent of products with no defects. At that
                  rate, there would be 66,807 defects per million opportunities. Note
                  that when Motorola developed six sigma, they set the three sigma
                  rate at 93.3 percent of products with no defects to factor in an
                  assumption that the process would go out of control at some point.
                  Six sigma practitioners generally use the latter of these statistics.

               
               
               
               One potential challenge
                  to using the six sigma approach arises from the difficulty of determining
                  what constitutes a defect. Another challenge comes from setting
                  a meaningful limit on variability. For instance, there is probably
                  a range of wait times that most customers will generally find acceptable.
                  Also, not all opportunities are as significant as others. While
                  some wait time is likely to be acceptable to customers, getting
                  a product with the wrong kit may make the unit unusable.

               
               
               
               When Motorola developed
                  the six sigma concept, they chose six sigmas as an appropriate goal
                  for the types of products they were producing. Some industries might
                  need to set different goals based on what customers find acceptable
                  and what is feasible. Even so, setting ambitious goals and following
                  six sigma improvement processes can result in significant improvements.

               
               
               
               
                  
                  Elements
                     of Six Sigma

                  
                  
                  Six
                     sigma offers a set of tools for developing solutions to quality
                     problems under the guidance of a six-sigma-certified employee or
                     consultant: a master black belt (a teacher), a black belt (often
                     full-time), or a green belt (usually an employee who has other duties).

                  
                  
                  Attaining six sigma quality
                     requires attention to three elements: the customer, the process,
                     and the employee.

                  
                  
                  
                     
                     	
                        
                        Customer. The definition of
                           quality—that is, the acceptable rate of defects—is in the mind of
                           the customer. Customer expectations might include outstanding performance,
                           reliability, competitive price, on-time delivery, excellent service,
                           and so on. All these areas provide opportunities for defects that
                           may drive a customer to your competitor.

                        

                     
                     
                     	
                        
                        Process. Process mapping or
                           flowcharting are techniques used to identify the unique steps in
                           a process. When assessing a process, the company has to adopt the customer’s
                           mindset—an “outside-in” view of the company’s performance. The goal is
                           not only a low number of errors but also consistent performance.
                           That is, the performance should remain very close to that number
                           of errors and not show high variability in either direction. For
                           instance, an air-freight carrier with on-time performance that stays
                           right around an acceptable level may create more customer satisfaction
                           than a carrier that has the same average on-time rate but is erratic.

                        

                     
                     
                     	
                        
                        Employee. When it comes to
                           customer satisfaction, there are no irrelevant employees (or processes).
                           Customer service representatives may occupy low rungs on the corporate
                           ladder, but their “defects” tend to be highly annoying and visible
                           to the customer. A company fully committed to the six sigma approach
                           will offer training at all levels. Six sigma initiatives typically
                           are directed from the top but implemented from below, by employee
                           teams.

                        

                     

                  
               
               
               
               
                  
                  Six
                     Sigma Process and Tools

                  
                  
                  The
                     six sigma process for conducting a continuous improvement initiative
                     takes place in five phases, known by the initials of the phases
                     as define, measure, analyze, improve,
                        control (DMAIC) process (as described in the ASCM Supply Chain Dictionary).
                     Note that this process could be used for continuous improvement
                     at an organization even if the other elements of six sigma are not
                     used.

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Phase 1 (Define):
                              
                           Determine the nature of
                              the problem.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Phase 2 (Measure):
                              
                           Measure existing
                              performance and commence recording data and facts that provide information about the
                              underlying causes of the problem.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Phase 3 (Analyze):
                              
                           Study the information
                              to determine the root causes of the problem.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Phase 4 (Improve):
                              
                            Improve the process by
                              effecting solutions to the problem.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Phase 5 (Control):
                              
                           Monitor the process
                              until the solutions become ingrained.
                           

                        
                        

                     

                  
                  
                  Because of its statistical
                     basis, six sigma analysis depends heavily upon thorough, reliable,
                     measurable data. Without that level of visibility, there can be
                     no determination of the rate of defects. Six sigma techniques for
                     defining, measuring, and analyzing a process include quality control
                     tools such as process mapping, control charts, and Pareto diagrams.

                  
                  
                  This process is the key
                     way that logistics professionals can translate the six sigma philosophy
                     into real results. They use this methodology to examine their supply chains
                     and logistics processes for issues and then look for the root causes
                     of those issues so that the improvements will be likely to lead
                     to lasting improvements.

                  
                  
                  Since
                     the DMAIC process is a feedback loop with an ongoing control step
                     at the end, it is an ideal way to ingrain continuous improvement
                     into the organization’s culture. The control step helps enforce
                     the changes and make sure that people do not go back to their old
                     ways of doing things once the change project is complete.

                  
                  
                  Six sigma has developed
                     a similar model to guide the creation of new processes (as opposed
                     to conducting an improvement initiative): Define, Measure, Analyze,
                     Design, Verify (DMADV).

                  
               
               
               
               
                  
                  Lean
                     Six Sigma

                  
                  
                  Some organizations
                     combine lean with six sigma because they are complementary: They
                     take an entire system viewpoint and require culture change and process
                     and facility changes to succeed. Six sigma’s statistically oriented
                     methodology can be used to define, measure, analyze, improve, and
                     control a process (DMAIC), which can help when looking for ways
                     both to eliminate waste (lean) and to add value (six sigma). Lean
                     six sigma thus can help the organization simultaneously focus on
                     both quality and speed.

                  
               
               

            
            

         
         
   
      
         
         
         
         Coordinate Continuous Improvement

         
         
         
         
            
            
            This area starts by
               introducing the objectives of continuous improvement and the concept
               of the costs of poor quality. Then it goes over some steps for continuous process
               improvement and addresses some commonalities among continuous improvement
               philosophies. After this, there is a discussion of root cause analysis.
               We finish with a look at value stream mapping, a tool that can be
               used to plan and enact improvements.

            
            

         
         
         
         
         
            
            
            Continuous
               Improvement Road Map

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary defines continuous improvement (CI) as

               
               
               
               
                  
                  the
                     act of making incremental, regular improvements and upgrades to
                     a process or product in the search for excellence.

                  

               
               
               
               Continuous
                  improvement can apply to products or processes. In terms of products, logistics
                  might advocate for improvements that make it more cost-effective.
                  When continuous improvement is applied to processes, it can be called continuous process improvement (CPI), which the ASCM Supply Chain Dictionary defines
                  as

               
               
               
               
                  
                  1)
                     A never-ending effort to expose and eliminate root causes of problems
                     2) Small-step improvement as opposed to big-step improvement.

                  

               
               
               
               The Japanese term “kaizen” means continuous
                  improvement and refers to focused improvements that can be conducted
                  as part of ongoing operations and show results quickly, within a
                  week or two. These types of improvements give organizations quick wins
                  that build on one another. The ASCM
                     Supply Chain Dictionary defines kaizen as

               
               
               
               
                  
                  the
                     Japanese term for improvement. Kaizen refers to continuing improvement involving
                     everyone—managers and workers. In manufacturing, kaizen relates
                     to finding and eliminating waste in machinery, labor, or production
                     methods.

                  

               
               
               
               Becoming an organization
                  that fully embraces continuous improvement may require reengineering
                  along with change management to transform the organization’s culture to
                  view quality as everyone’s mission. What does a culture of continuous improvement
                  look like? Organizational leadership lets go of hierarchical authority
                  and creates a culture of learning and experimentation. The continuous
                  improvement mindset starts at the top, and everyone in the organization
                  is involved. Employee involvement plays an important role both in
                  continuous improvement and quality control efforts. Employees are
                  rewarded for successful initiatives. They are empowered and take
                  ownership for their work. Teams facilitate creativity, effectiveness,
                  and efficiencies.

               
               

            
            

         
         
         
         
            
            
            Continuous Improvement Objectives
               and the Cost of Poor Quality

            
            
            
            
               
               
               The
                  general objectives of any type of continuous improvement are to
                  make a product, service, or process more effective (do the right
                  things) and/or efficient (do the things right). These objectives
                  can be expressed as

               
               
               
               
                  
                  
                  	
                     
                     
                     Improving quality,
                        with an end result of higher customer satisfaction and perhaps greater
                        market share

                     
                     

                  
                  
                  
                  	
                     
                     
                     Improving
                        productivity, with an end result of reducing cost and thus increasing profits

                     
                     

                  
                  
                  
                  	
                     
                     
                     Eliminating
                        waste in the form of unneeded features, unasked-for services, or pointless
                        process steps, with an end result of getting more done with existing resources
                        and avoiding the need for additional capital investments.

                     
                     

                  
                  

               
               
               
               Rather than just being
                  nice to do, continuous improvement is necessary for competitive
                  survival, because competitors will also be improving their products
                  and features, processes, and services. Logistics professionals who
                  add to the bottom line in terms of more customers or better profit
                  margins will be seen as indispensable contributors to value.

               
               
               
               
                  
                  Cost of Poor Quality

                  
                  
                  While
                     any quality initiative will entail business investment, the argument
                     for investing in quality is that the cost for the investment will
                     be less than the costs of poor quality, reputation damage, lost
                     sales, and reverse logistics. The ASCM
                        Supply Chain Dictionary defines the cost
                        of poor quality as

                  
                  
                  
                     
                     the costs associated with
                        performing a task incorrectly and/or generating unacceptable output.
                        These costs would include the costs of nonconformities, inefficient
                        processes, and lost opportunities.

                     

                  
               
               

            
            

         
         
         
         
            
            
            Continuous Process Improvement Steps

            
            
            
            
               
               
               Continuous process improvement is a
                  team effort, but in many cases these improvements can be focused on just small
                  portions of a logistics process. Reducing variability in transportation lead times
                  or improving a picking route are examples of the small-step, incremental
                  improvements that logistics professionals can directly plan and implement on their
                  own. It is important to learn about the many different types of continuous
                  improvement methodologies and tools so the right ones can be applied.

               
               
               
               The continuous process
                  improvement steps an organization might use can be described in
                  a number of ways.

               
               
               
               One
                  scheme is the plan-do-check-action cycle. The ASCM Supply Chain Dictionary defines
                  the plan-do-check-action (PDCA) process
                  as

               
               
               
               
                  
                  a
                     four-step process for quality improvement. In the first step (plan),
                     a plan to effect improvement is developed. In the second step (do),
                     the plan is carried out, preferably on a small scale. In the third
                     step (check), the effects of the plan are observed. In the last
                     step (action), the results are studied to determine what was learned
                     and what can be predicted. The plan-do-check-action cycle is sometimes referred
                     to as the Shewhart cycle (because Walter A. Shewhart discussed the concept
                     in his book, "Statistical Method
                        from the Viewpoint of Quality Control") or as the Deming circle
                     (because W. Edwards Deming introduced the concept in Japan, and
                     the Japanese subsequently called it the Deming circle).

                  

               
               
               
               Another continuous
                  improvement cycle uses the following steps:

               
               
               
               
                  
                  
                  	
                     
                     
                     Determine the process to be improved. This
                        can be based on observation or on the results of tools such as Pareto
                        or root cause analysis. It could be an economic priority identified,
                        for example, by throughput accounting (as in the theory of constraints),
                        or it could be a process under one’s own control.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Gather and compile data on the
                           as-is state. This may include a flowchart or value stream map
                        of the process; determining the inputs, outputs, routings, and boundaries
                        of the process; materials or equipment used; and information on suppliers,
                        customers, and environmental factors.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Analyze the data and produce a
                           to-be state. This may involve developing one or more alternatives
                        by breaking problems down into smaller chunks, searching for root
                        causes, and calculating potential results such as for throughput,
                        investment, and operating expense (as in throughput accounting).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Select the best method among alternatives. This
                        involves finding the method that minimizes waste to the degree possible
                        at this stage, perhaps one that simplifies tasks, combines operations
                        when feasible, finds a more efficient sequence, or performs some
                        tasks in parallel rather than sequentially. It may also involve proposing
                        improvements.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Implement. Train the operators
                        involved. Revise policies, procedures, and other documents as needed
                        to ensure that the new method becomes standard practice.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Sustain the new method. This
                        involves monitoring and controlling the operation and correcting
                        workarounds or use of old methods. It also involves gathering evidence
                        of how well (or poorly) the new method is working and giving credit
                        to innovators for successful improvements.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Commonalities Among Continuous Improvement
               Methodologies

            
            
            
            
               
               
               Continuous
                  improvement can be done using lean philosophies and tools, as part
                  of the theory of constraints or six sigma, or with combinations
                  of these and/or other methods not addressed here. The possible methods
                  share many common characteristics, including

               
               
               
               
                  
                  
                  	
                     
                     
                     Ensuring
                        employee involvement and empowerment

                     
                     

                  
                  
                  
                  	
                     
                     
                     Focusing
                        on the customer

                     
                     

                  
                  
                  
                  	
                     
                     
                     Sustaining
                        continuous improvement.

                     
                     

                  
                  

               
               
               
               
                  
                  Ensuring
                     Employee Involvement and Empowerment

                  
                  
                  Continuous improvement is a team effort
                     that needs to involve executives, managers, and workers if it is
                     to succeed. However, the scope of these teams may differ, depending
                     on the scope of the improvements and who is impacted by the change. Generally,
                     smaller teams are used when possible to ensure that the changes
                     can be accomplished quickly and effectively.

                  
                  
                  The ASCM Supply Chain Dictionary defines
                     employee involvement and empowerment as follows:

                  
                  
                  
                     
                     Employee involvement (EI): The concept of using the
                        experience, creative energy, and intelligence of all employees by
                        treating them with respect, keeping them informed, and including
                        them and their ideas in decision-making processes appropriate to
                        their areas of expertise. Employee involvement focuses on quality and
                        productivity improvements.

                     
                     Employee empowerment: The practice of giving non-managerial
                        employees the responsibility and the power to make decisions regarding
                        their jobs or tasks. It is associated with the practice of transfer
                        of managerial responsibility to the employee. Empowerment allows
                        the employee to take on responsibility for tasks normally associated
                        with staff specialists. Examples include allowing the employee to
                        make scheduling, quality, process design, or purchasing decisions.

                     

                  
                  
                  Employee involvement
                     means that all parts of the organization are involved and contribute
                     to constructive change. Executives set the tone and create a culture
                     of ongoing change readiness. Managers provide training and ensure
                     that new methods are implemented correctly and are sustained over
                     time. Workers view their jobs as not only getting assigned tasks
                     done but also improving the tasks themselves or eliminating unnecessary
                     steps. They may also have responsibilities to perform preventive
                     maintenance, do setups, record data, and solve problems.

                  
                  
                  
                  Empowerment requires
                     managers to delegate certain duties to subordinates. The mentality
                     moves from “I say and you do” to “What do you think?” Managers still
                     need to carefully explain expectations so that employees know what
                     results need to be achieved, but they then give workers both power
                     and responsibility over areas in which they have expertise. In some
                     cases, process engineers or other technical people may still need
                     to be involved. In other cases, changes will impact other functional areas
                     or work centers and managers will need to help coordinate with affected stakeholders.
                     However, in general, managers take on the role of teachers. Small
                     teams of workers remain accountable for achieving results but do
                     not need prior approval to plan and implement incremental improvements.

                  
                  
                  When decision making
                     is conducted at lower levels, decisions can be made more quickly
                     and by the person who best understands the nature of the problem.
                     This tends to reduce costs, because the remedy is put in place faster.
                     When empowered employees work directly with customers, for example,
                     they can also provide better and more responsive service, because
                     the customer’s problem is their problem. The worker can often provide
                     an immediate solution, such as offering a replacement product.

                  
                  
                  Empowered employees
                     tend to be better workers because they take ownership over their
                     work and gain a sense of meaning from the autonomy that independent
                     decision making provides. Empowerment can also reduce frustration,
                     because employees can omit steps that add no value. Since other
                     employees are likewise involved and empowered, any negative side
                     effects of a change are noticed quickly, and further adjustments
                     can be made. Managers have more time to add value in other ways,
                     such as analyzing results or providing coaching.

                  
               
               
               
               
                  
                  Focusing
                     on the Customer

                  
                  
                  Continuous
                     process improvement methods focus on the customer as the ultimate definer
                     of quality. One definition of quality indicates that quality is
                     defined by customer perceptions and what the customer is willing
                     to pay for. Customers define the difference between what is value-added
                     versus waste.

                  
                  
                  Another
                     important aspect of the focus on the customer is that there are
                     internal and external customers. Internal customers such as workers
                     at a downstream work center depend on receiving quality input materials
                     or services.

                  
               
               
               
               
                  
                  Sustaining
                     Continuous Improvement

                  
                  
                  All continuous improvement methodologies
                     emphasize the need for continuous improvement to be an ongoing cycle.
                     This is the “continuous” in continuous improvement. Because this
                     is small-step improvement, it is sustainable by design. While large,
                     exhaustive reengineering projects may be needed on occasion, these cannot
                     be conducted without respite. They tend to disrupt ongoing operations
                     and often require taking persons away from their regular duties.
                     However, smaller improvements can be built into the regular course
                     of operations and regular job duties. In this way, continuous improvement
                     can be a never-ending quest to find the root causes of the next
                     problem once the last one is resolved.

                  
               
               

            
            

         
         
         
         
            
            
            Root Cause Analysis

            
            
            
            
               
               
               A root cause analysis
                  attempts to distinguish between the symptoms of a problem and the
                  actual cause of those symptoms. Too often a solution is designed
                  to address a symptom of a problem. The symptom may be resolved or
                  a workaround may be put in place to make that symptom easier to
                  deal with, but no true efficiency or effectiveness improvements
                  are made. Taking an aspirin is dealing with a symptom (a headache). Drinking
                  more water or getting more sleep are attempts to deal with possible
                  root causes of the headache (dehydration or lack of sleep). These
                  might prevent the headache next time.

               
               
               
               Discovering
                  a root cause may make use of a number of quality tools. Exhibit 9-52 shows a
                  cause-and-effect or Ishikawa diagram, which is a quality tool developed
                  to discover root causes. The problem is listed along the main spine,
                  here missing purchase order numbers on raw material invoices. Common
                  categories of causes are listed on the main branches, here environment,
                  people, materials, measurement, methods, and equipment. The team
                  brainstorms and goes through several iterations, searching for possible
                  causes, and lists them in the subbranches. The idea is that these
                  discussions will lead to more questions and the questions will eventually
                  lead to a likely root cause. Perhaps, in this example, rather than
                  looking at a symptom like blaming a particular supplier or employee,
                  the organization might decide that the root cause is lack of training
                  on procedures and lack of consequences for failure to follow those procedures.

               
               
               
               
                  Exhibit 9-52: Cause-and-Effect Diagram[image: This is a cause-and-effect diagram (also known as a fishbone diagram or Ishikawa diagram) showing various categories of potential causes leading to the problem of “No P.O. numbers on raw material invoices.” Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               

            
            

         
         
         
         
            
            
            Value Stream Mapping

            
            
            
            
               
               
               The ASCM
                     Supply Chain Dictionary defines value
                     stream mapping as

               
               
               
               
                  
                  a
                     lean production tool to visually understand the flow of materials
                     from supplier to customer that includes the current process and
                     flow as well as the value-added and non-value-added time of all
                     the process steps. It is used to help reduce waste, decrease flow
                     time, and make the process flow more efficient and effective.

                  

               
               
               
               Value stream mapping produces a value stream
                  map, which is basically a flowchart of a process that identifies
                  the time required to perform each process and all idle time spent
                  waiting for the next process to begin. After the as-is map is completed,
                  a to-be map is developed that finds ways to eliminate all identified
                  waste, defects, and failures. The process can be repeated to continually
                  improve the process.

               
               
               
               Exhibit 9-53 and Exhibit 9-54 show
                  how value stream mapping can be used to identify waste and propose
                  a new process that avoids the waste areas.

               
               
               
               Exhibit 9-53 starts
                  with a traditional flowchart of a process.

               
               
               
               In Exhibit 9-54,
                  these same process flowchart elements are featured (laid out in
                  a more linear order, however), but now each process element is accompanied
                  by value stream information, including inventory storage times between
                  processes (in minutes in this example), and information on each
                  process in a set of boxes below the process, including number of
                  operators, the cycle time (CT; in minutes in this example), and the
                  quantity of these transactions per day. The lines between boxes
                  can even be differentiated as push or pull. (The exhibit does not
                  do this.) The top area now shows the supplier and customer inputs
                  and outputs with their range of transit times and frequency and
                  type of order transmittals. The bottom area shows a time line differentiating
                  value-added time (where the line is in the low position) from non-value-added
                  time (where the line is in the high position) and could contain
                  other summary statistics.

               
               
               
               The following explains
                  some of the symbols used in Exhibit 9-54.

               
               
               
               [image: This flowchart symbol image includes an inventory storage icon showing time stored (triangular symbol with “I” and the number “60” indicating 60 units in storage), along with details of the call/tender carrier process, showing 1 operator, a cycle time (CT) of 3, and 28 units processed per day.]
               
               
               
               
               See “Value Stream Mapping
                  Key” in the Additional Resources to find out how to interpret other
                  symbols on value stream maps.

               
               
               
               Exhibit 9-53: Process Flowchart Example
                  
                  [image: This flowchart represents a process flow for a shipment handling operation, starting from a production order and going through decision points such as direct shipment or sending to warehouses, followed by steps like credit check, tendering a carrier, and dispatching the shipment to the customer. Go to long description for more details.]
                  
                  
                  
                     Go to long description.
                     

                  
                  

               
               
               
               Exhibit 9-54: Value Stream Mapping Example
                  
                  [image: This is a value stream mapping diagram that outlines the process of handling and shipping products from various suppliers to the customer. Go to long description for more details.]
                  
                  
                  
                     Go to long description.
                     

                  
                  

               
               
               
               In Warehouse Management, Richards provides another case study of value stream
                  mapping. A fresh produce organization makes 4,000 deliveries to retail distribution
                  centers and stores per year. They noticed a significant bottleneck in their
                  operations in the form of long queues of trailers in the yard during the peak return
                  time. They used a value stream mapping exercise to determine how to improve the flow
                  of trucks. They discovered that only 60 percent of driver’s time was spent driving
                  or on statutory breaks. Waiting at customer sites consumed 25 percent of their time,
                  while waiting in the organization’s yard took up 15 percent of their time. They
                  discovered that refueling and dropping off reusable packaging were yard bottlenecks.
                  Only two of four refueling stations were operational. Also, two of the bays for
                  packaging drop-off were also blocked with equipment for no good reason. Having
                  discovered the causes for these delays, changes were implemented, one at a time, to
                  eliminate them. This included improving the process for dropping off reusable
                  packaging. They also created a process for drivers to get fast responses to issues
                  so that minor problems would not go unresolved day after day.

               
               

            
            

         
         
   
      
         
         
         
         Course Bibliography

         
         
         
            	
               The cumulative course bibliography has moved
                  online. For a PDF copy, please consult the Resource Center in the online Learning
                  System.

            

         

         
         
   
      
         
         
         Long Description Appendix

         
         
            
            This appendix provides more detailed descriptions for some of the images found in
               the text. Return to the image location in the text by clicking the link at the end
               of each description.

            
            
            
               
               Exhibit 9-1: Functional Structure (No Logistics Functional Area)
[image: This image shows an organizational chart that depicts how logistics functions are integrated within a company’s broader functional structure that has no specific logistics functional area. Read long description below.]
                  
                  
                  The image illustrates a functional structure within a company, with Executive
                     Management at the top overseeing four main functional departments: Procurement,
                     Manufacturing, Sales, and Finance. Each department has a specific logistics
                     role:

                  
                  
                  
                  
                     
                     	
                        
                        Procurement oversees Logistics: physical supply.

                        

                     
                     
                     	
                        
                        Manufacturing manages Logistics: materials management.

                        

                     
                     
                     	
                        
                        Sales is responsible for Order management and Logistics: physical
                           distribution.

                        

                     
                     
                     	
                        
                        Finance oversees Logistics: department budgets and accounting.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-2: Functional Structure (with a Logistics Functional Area)
[image: This image shows an organizational chart where logistics is a distinct functional area alongside procurement, manufacturing, sales, and finance. Go to long description for more details.]
                  
                  
                  The image illustrates an organizational structure with Executive Management at
                     the top and five key functional areas beneath it: Procurement, Manufacturing,
                     Sales, Finance, and Logistics. The logistics department is highlighted as a
                     distinct functional area with various key roles that contribute to logistics
                     operations. These roles include:

                  
                  
                  
                  
                     
                     	
                        
                        Coordinator

                        

                     
                     
                     	
                        
                        Accounting/admin.

                        

                     
                     
                     	
                        
                        Order manager

                        

                     
                     
                     	
                        
                        Inventory manager

                        

                     
                     
                     	
                        
                        Warehouse manager

                        

                     
                     
                     	
                        
                        Imports manager

                        

                     
                     
                     	
                        
                        Exports manager

                        

                     
                     
                     	
                        
                        Domestic transportation manager

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-3: Matrix Structure with Logistics as Cross-Functional Area
[image: This graphic shows a matrix structure where Logistics, along with Finance and HR, serves as a cross-functional area supporting the vertical departments of Procurement, Manufacturing, and Sales. Go to long description for more details.]
                  
                  
                  The image illustrates a matrix organizational structure with Executive Management
                     at the top. The structure includes three vertical functional departments:
                     Procurement, Manufacturing, and Sales, each responsible for specific
                     operations:

                  
                  
                  
                  
                     
                     	
                        
                        Procurement: Manages physical supply.

                        

                     
                     
                     	
                        
                        Manufacturing: Handles materials management.

                        

                     
                     
                     	
                        
                        Sales: Oversees order management and physical distribution.

                        

                     

                  
                  
                  
                  Additionally, the matrix includes three horizontal, cross-functional areas:

                  
                  
                  
                  
                     
                     	
                        
                        Finance

                        

                     
                     
                     	
                        
                        HR

                        

                     
                     
                     	
                        
                        Logistics: Oversees logistics-related strategy, policies, cost management,
                           coordination, and administration across all the vertical departments.

                        

                     

                  
                  
                  
                  The black horizontal arrows represent the logistics, finance, and HR functions
                     supporting and interacting with each of the vertical departments.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-4: Network Organizational Structure (Network of Multiple Organizations)
[image: This graphic illustrates a network organizational structure where multiple organizations collaborate. It shows interactions between supplier networks, logistics service providers (LSPs), channel masters, and B2B customers within a broader customer base. Read long description below.]
                  
                  
                  The diagram represents a network organizational structure connecting various
                     entities in a supply chain. At the top of the diagram are several supplier
                     networks, each linked to different logistics service providers (LSPs), which
                     handle the transportation and logistics operations for the suppliers. These LSPs
                     are connected to a channel master, which acts as the central coordinator or
                     control point for managing the flow of goods and services. The channel master is
                     also linked to other entities, such as a subsidiary or alliance, creating a
                     broader network of control and communication.

                  
                  
                  
                  At the bottom, the channel master connects to various B2B customers, representing
                     businesses that purchase products or services. Below them is the overall customer
                     base, encompassing all the businesses served by this network. The diagram
                     illustrates the complexity of a multi-tiered supply chain, where information and
                     material flow through interconnected relationships, coordinated by the channel
                     master for optimal efficiency.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-6: Moving from Transactional Relationships to Linked Functions
[image: This graphic illustrates the shift from transactional relationships to linked functions between organizations. Read long description below.]
                  
                  
                  The diagram represents the transition from a transactional relationship model to a
                     more
                     collaborative, linked function model between a seller (sales) and a buyer. In the
                     upper
                     portion of the graphic, the functional areas of IT, distribution, customer service,
                     marketing, operations, and finance are aligned with either the sales or buyer side,
                     emphasizing a one-way flow of communication from these departments toward the
                     sales/buyer interaction. This setup reflects traditional transactional relationships
                     where functions operate independently.

                  
                  
                  
                  In contrast, the lower section illustrates how each functional area—IT, distribution,
                     customer service, sales, marketing, operations, and finance—is directly linked between
                     the seller’s organization and the buyer’s organization. These double-ended arrows
                     demonstrate the interconnectedness of departments, indicating continuous, integrated
                     communication and collaboration across all business functions between the two
                     parties.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-9: Example of an Integrated Measurement Model
[image: A diamond-shaped diagram showing the alignment of strategic goals at different organizational levels. Go to long description for more details.]
                  
                  
                  The diagram represents a framework for aligning strategic goals across
                     different levels of an organization:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Top Level (Organization): The topmost section of the
                           diamond represents the organization as a whole, focusing on
                           strategic goals that drive the overall direction and
                           objectives.

                        
                        

                     
                     
                     	
                        
                        
                        Balanced Scorecard: Below the strategic goals, at the
                           divisional level, a balanced scorecard is divided into four key
                           areas:

                        
                        
                        
                        
                           
                           	
                              
                              Financial

                              

                           
                           
                           	
                              
                              Customer

                              

                           
                           
                           	
                              
                              Business process

                              

                           
                           
                           	
                              
                              Learning and growth

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Functional Level: The functional level (e.g., operations)
                           translates these goals into specific performance metrics,
                           focusing on:

                        
                        
                        
                        
                           
                           	
                              
                              Speed

                              

                           
                           
                           	
                              
                              Dependability

                              

                           
                           
                           	
                              
                              Flexibility

                              

                           
                           
                           	
                              
                              Quality

                              

                           
                           
                           	
                              
                              Cost

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Departmental Performance Metrics: Departments within
                           functions use these metrics to measure their performance and
                           contribution to the strategic goals.

                        
                        

                     
                     
                     	
                        
                        
                        Individual Level: At the base of the diamond, individual
                           SMART performance objectives ensure that employees’ efforts
                           align with the departmental and organizational goals.

                        
                        

                     

                  
                  
                  
                  The arrows indicate the flow of strategic alignment from the organization
                     level down to the individual level, ensuring coherence and focus across
                     all levels.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-10: SCOR DS Processes
[image: This diagram represents a supply chain orchestration model. Go to long description for more details.]
                  
                  
                  The model is divided into four interconnected loops around a central circle labeled
                     “Orchestrate.”

                  
                  
                  
                  The four loops are:

                  
                  
                  
                  
                     
                     	
                        
                        Demand: Includes the functions Order and Fulfill.

                        

                     
                     
                     	
                        
                        Supply: Includes the functions Source and Transform.

                        

                     
                     
                     	
                        
                        Synchronize: Includes the function Plan.

                        

                     
                     
                     	
                        
                        Regenerate: Includes the function Return.

                        

                     

                  
                  
                  
                  Each loop connects back to the central “Orchestrate” circle, indicating orchestration’s
                     essential role in all supply chain functions.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-11: SCOR DS: A Series of Never-ending Processes
[image: A supply chain continuum, highlighting the interconnectedness and flow from a customer’s customer to a supplier’s supplier. The diagram consists of interlinked loops, each labeled to represent different entities within the supply chain. Go to long description for more details.]
                  
                  
                  The central section labeled “Your organization” is flanked by “Customer” on the left
                     and “Supplier” on the right.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Left Loop:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Customer’s customer

                              
                              

                           
                           
                           	
                              
                              
                              Customer

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Center:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Your organization

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Right Loop:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Supplier

                              
                              

                           
                           
                           	
                              
                              
                              Supplier’s supplier

                              
                              

                           

                        
                        

                     

                  
                  
                  
                  At the bottom, there is a horizontal arrow labeled “Market drivers, end-to-end
                     visibility, and collaboration,” emphasizing the importance of these elements across
                     the
                     entire supply chain.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-12: SCOR DS Hierarchical Process Model with Levels 0–4
[image: A diagram showing the SCOR DS Hierarchical Process Model with Levels 0–4. Go to long description for more details.]
                  
                  
                  The diagram contains levels 0 through 4:

                  
                  
                  
                  
                     
                     	
                        
                        
                        0. (OE) Orchestrate the SC

                        
                        

                     
                     
                     	
                        
                        
                        1. Major Processes:

                        
                        
                        
                        
                           
                           	
                              
                              Plan

                              

                           
                           
                           	
                              
                              Order

                              

                           
                           
                           	
                              
                              Source

                              

                           
                           
                           	
                              
                              Transform

                              

                           
                           
                           	
                              
                              Fulfill

                              

                           
                           
                           	
                              
                              Return

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        2. Process Categories:

                        
                        
                        
                        
                           
                           	
                              
                              O1 B2C

                              

                           
                           
                           	
                              
                              O2 B2B

                              

                           
                           
                           	
                              
                              O3 Intra-company

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        3. Process Elements:

                        
                        
                        
                        
                           
                           	
                              
                              O1.1 Receive customer information

                              

                           
                           
                           	
                              
                              O1.2 Apply loyalty status

                              

                           
                           
                           	
                              
                              O1.3 Build order

                              

                           
                           
                           	
                              
                              O1.4 Process payment

                              

                           
                           
                           	
                              
                              O1.5 Generate receipt & ship date

                              

                           
                           
                           	
                              
                              O1.6 Receipt & process

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        4. Improvement Tools/Activities:

                        
                        
                        
                        
                           
                           	
                              
                              Use of kaizen, lean, TQM, six sigma, benchmarking

                              

                           

                        
                        

                     

                  
                  
                  
                  The diagram is annotated to define the operations strategy, configuration of individual
                     processes, and improvement tools, emphasizing the structured approach to managing
                     and
                     improving supply chain processes.

                  
                  
                  
                  A source note at the bottom attributes the diagram to SCOR DS, used with permission
                     from ASCM.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-13: SCOR DS Features Sample Workflow Processes
[image: This image depicts a sample workflow process from the SCOR DS model. Go to long description for more details.]
                  
                  
                  
                     
                     	
                        
                        
                        OE1.3 Gather and Analyze External Supply Chain Insights (Customer, Product,
                              Services)

                        
                        

                     
                     
                     	
                        
                        
                        Market Data

                        
                        

                     
                     
                     	
                        
                        
                        P1.1 Capture External Market Signals

                        
                        

                     
                     
                     	
                        
                        
                        Market Insights/Demand Impacts

                        
                        

                     
                     
                     	
                        
                        
                        P1.2 Aggregate Supply Chain Requirements

                        
                        

                     

                  
                  
                  
                  A source note at the bottom attributes the diagram to ASCM, indicating it is
                     available from the SCOR DS website and used with permission.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-15: SCORmark Gap Analysis Example (Mockup)
[image: A comparison table showing various supply chain performance attributes, their corresponding metrics, target performance levels, and performance benchmarks for your organization, parity (50%), advantage (70%), and superior (90%). Go to long description for more details.]
                  
                  
                  This table compares your organization’s supply chain performance against industry
                     benchmarks for various attributes. The columns include:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Attribute: Lists the performance attributes being measured.

                        
                        

                     
                     
                     	
                        
                        
                        Metrics: Defines the specific metrics used to measure each attribute.

                        
                        

                     
                     
                     	
                        
                        
                        Target Performance: Indicates the target level of performance (e.g.,
                           Parity, Advantage, Superior).

                        
                        

                     
                     
                     	
                        
                        
                        Your Organization: Shows your organization’s performance values.

                        
                        

                     
                     
                     	
                        
                        
                        Parity (50%): Industry benchmark for parity performance.

                        
                        

                     
                     
                     	
                        
                        
                        Advantage (70%): Industry benchmark for advantage performance.

                        
                        

                     
                     
                     	
                        
                        
                        Superior (90%): Industry benchmark for superior performance.

                        
                        

                     
                     
                     	
                        
                        
                        Gap to Target: The difference between your organization’s performance and
                           the target performance.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-17: SCOR DS Metrics for Perfect Customer Order Fulfillment
[image: A hierarchical chart showing the breakdown of “Perfect Customer Order Fulfillment” into subcategories. Read long description below.]
                  
                  
                  
                     
                     	
                        
                        
                        Level 1:

                        
                        
                        
                        
                           
                           	
                              
                              RL.1.1 Perfect Customer Order Fulfillment

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Level 2:

                        
                        
                        
                        
                           
                           	
                              
                              RL.2.1 Percentage of Orders Delivered in Full to the Customer

                              

                           
                           
                           	
                              
                              RL.2.2 Delivery Performance to Original Customer Commit Date

                              

                           
                           
                           	
                              
                              RL.2.3 Customer Order Documentation Accuracy

                              

                           
                           
                           	
                              
                              RL.2.4 Customer Order Perfect Condition

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Level 3:

                        
                        
                        
                        
                           
                           	
                              
                              For RL.2.1:

                              
                              
                              
                                 
                                 	
                                    
                                    Delivery Item Accuracy to the Customer

                                    

                                 
                                 
                                 	
                                    
                                    Delivery Quantity Accuracy to the Customer

                                    

                                 

                              

                           
                           
                           	
                              
                              For RL.2.2:

                              
                              
                              
                                 
                                 	
                                    
                                    Customer Commit Date Achievement

                                    

                                 
                                 
                                 	
                                    
                                    Delivery Customer Location Accuracy

                                    

                                 

                              

                           
                           
                           	
                              
                              For RL.2.3:

                              
                              
                              
                                 
                                 	
                                    
                                    Customer Order Compliance Documentation Accuracy

                                    

                                 
                                 
                                 	
                                    
                                    Customer Order Other Required Documentation Accuracy

                                    

                                 
                                 
                                 	
                                    
                                    Customer Order Payment Documentation Accuracy

                                    

                                 
                                 
                                 	
                                    
                                    Customer Order Shipping Documentation Accuracy

                                    

                                 

                              

                           
                           
                           	
                              
                              For RL.2.4:

                              
                              
                              
                                 
                                 	
                                    
                                    Customer Order Percentage of Faultless Installations

                                    

                                 
                                 
                                 	
                                    
                                    Percentage of Customer Orders or Lines Received Damage Free

                                    

                                 
                                 
                                 	
                                    
                                    Customer Orders Delivered Damage Free Conformance

                                    

                                 
                                 
                                 	
                                    
                                    Customer Orders Delivered Defect Free Conformance

                                    

                                 

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-20: Strategic Profit Model with Sample Data
[image: The image illustrates a strategic profit model with a focus on determining return on assets (ROA) using a detailed breakdown of financial data. Go to long description for more details.]
                  
                  
                  The layout organizes information to calculate gross profit, net
                     profit margin, and return on assets using sample financial data.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Top-Right Section:

                        
                        
                        
                        
                           
                           	
                              
                              It starts with Net Sales of USD 1,000.

                              

                           
                           
                           	
                              
                              The Cost of Goods Sold is USD 800, resulting in a Gross Profit of USD 200.

                              

                           
                           
                           	
                              
                              Additional expenses include Variable Expenses of USD 80 and Fixed Expenses of
                                 USD 60. These expenses add up to Total Expenses of USD 140.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Middle Section:

                        
                        
                        
                        
                           
                           	
                              
                              Net Profit is USD 60 after subtracting total expenses from gross profit.

                              

                           
                           
                           	
                              
                              The Net Profit Margin is calculated as 0.06 or 6% (USD 60 Net Profit / USD 1,000
                                 Net Sales).

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Asset Turnover:

                        
                        
                        
                        
                           
                           	
                              
                              Asset Turnover is determined by dividing net sales (USD 1,000) by total assets
                                 (USD 420), yielding an Asset Turnover Ratio of 2.38.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Return on Assets (ROA):

                        
                        
                        
                        
                           
                           	
                              
                              The Return on Assets (ROA) is calculated using the formula Net Profit Margin x
                                 Asset Turnover, resulting in 0.143 or 14.3%. This is verified by dividing net
                                 profit (USD 60) by total assets (USD 420).

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Current and Fixed Assets:

                        
                        
                        
                        
                           
                           	
                              
                              Total Assets are shown as USD 420, which includes Current Assets (USD 280),
                                 divided into Inventory (USD 180), Accounts Receivable (USD 40), and Other Current
                                 Assets (USD 60). The Fixed Assets total USD 140.

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-21: Strategic Profit Model with a Reduction in Inventory, Carrying Cost,
                  and Net Sales
[image: This strategic profit model visualizes a set of financial data with adjustments, particularly focusing on the effects of a reduction in inventory. Go to long description for more details.]
                  
                  
                  
                     
                     	
                        
                        
                        Top-Right Section:

                        
                        
                        
                        
                           
                           	
                              
                              Net Sales: Reduced to USD 990.

                              

                           
                           
                           	
                              
                              Cost of Goods Sold: Maintained at USD 800.

                              

                           
                           
                           	
                              
                              This results in a Gross Profit of USD 190 (Net Sales - Cost of Goods Sold).

                              

                           
                           
                           	
                              
                              Variable Expenses are reduced to USD 70, while Fixed Expenses remain at USD
                                 60.

                              

                           
                           
                           	
                              
                              Total Expenses sum up to USD 130 (Variable Expenses + Fixed Expenses).

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Middle Section:

                        
                        
                        
                        
                           
                           	
                              
                              Net Profit: Calculated as USD 60 (Gross Profit - Total Expenses).

                              

                           
                           
                           	
                              
                              Net Profit Margin: Calculated at 0.061 or 6.1% (Net Profit / Net Sales).

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Asset Turnover:

                        
                        
                        
                        
                           
                           	
                              
                              Net Sales remain at USD 990, while Total Assets are reduced to USD 380.

                              

                           
                           
                           	
                              
                              Asset Turnover Ratio: Increased to 2.61 (Net Sales / Total Assets).

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Return on Assets (ROA):

                        
                        
                        
                        
                           
                           	
                              
                              The Return on Assets (ROA) is calculated as Net Profit Margin x Asset Turnover,
                                 resulting in 0.158 or 15.8%.

                              

                           
                           
                           	
                              
                              This is cross-verified by dividing Net Profit (USD 60) by Total Assets (USD
                                 380).

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Current and Fixed Assets:

                        
                        
                        
                        
                           
                           	
                              
                              Current Assets are reduced to USD 240 due to reduced Inventory at USD 140, while
                                 Accounts Receivable and Other Current Assets remain at USD 40 and USD 60,
                                 respectively.

                              

                           
                           
                           	
                              
                              Fixed Assets remain at USD 140.

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-47: Logistics Planning and Control
[image: A diagram illustrating the logistics planning and control model. Go to long description for more details.]
                  
                  
                  At the top, the Organizational and Supply Chain Strategy informs the
                     Logistics Strategy, which is supported by Logistics Tactics/Operations
                        and Capacity.

                  
                  
                  
                  Below this, key components of logistics management are displayed in vertical
                     pillars:

                  
                  
                  
                  
                     
                     	
                        
                        Demand Management

                        

                     
                     
                     	
                        
                        Customer and Order Management

                        

                     
                     
                     	
                        
                        Warehouse Distribution and Fulfillment Management

                        

                     
                     
                     	
                        
                        Inventory Management

                        

                     
                     
                     	
                        
                        Transportation Management

                        

                     
                     
                     	
                        
                        Supply Management

                        

                     

                  
                  
                  
                  These pillars are supported by broader logistics concepts, including:

                  
                  
                  
                  
                     
                     	
                        
                        Global Logistics

                        

                     
                     
                     	
                        
                        Sustainability

                        

                     
                     
                     	
                        
                        Reverse Logistics

                        

                     
                     
                     	
                        
                        Risk Management

                        

                     
                     
                     	
                        
                        Logistics Framework and Metrics

                        

                     
                     
                     	
                        
                        Network (Re-)Design

                        

                     

                  
                  
                  
                  The diagram is enclosed in a loop that highlights the ongoing processes of
                     Continuous Improvement and Digital Transformation, suggesting that
                     these elements are crucial for evolving and refining logistics operations within an
                     organization.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-50: House of Toyota
[image: The image depicts a house-shaped diagram that represents lean enterprise principles. Read long description below.]
                  
                  
                  The roof of the house emphasizes customer focus, aiming for the best quality, lowest
                     cost, and shortest lead time by eliminating wasted time and activity. The main body
                     of
                     the house includes three pillars:

                  
                  
                  
                  
                     
                     	
                        
                        Just in Time (JIT) with elements like takt time, one-piece flow, and pull
                           systems.

                        

                     
                     
                     	
                        
                        Culture of Continuous Improvement which involves employee engagement through
                           Kaizen, empowerment, safety, and morale.

                        

                     
                     
                     	
                        
                        Jidoka, which focuses on mistake-proofing (Poka-yoke), manual or automated line
                           stops, separating operator and machine activities, and in-station control.

                        

                     

                  
                  
                  
                  Below the
                     main body of the house are foundational elements including Standardization
                     (standardized work, Kanban, 5 Ss) and Operational Stability (total productive
                     maintenance, Heijunka).

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-52: Cause-and-Effect Diagram
[image: This is a cause-and-effect diagram (also known as a fishbone diagram or Ishikawa diagram) showing various categories of potential causes leading to the problem of “No P.O. numbers on raw material invoices.” Go to long description for more details.]
                  
                  
                  The diagram is a cause-and-effect analysis tool designed to identify the
                     potential root causes behind the problem of “No P.O. numbers on raw material
                     invoices.” It categorizes causes into six main branches:

                  
                  
                  
                  
                     
                     	
                        
                        Environment: Possible causes are rush orders, confusion, office
                           moves, substitute staff, and audits.

                        

                     
                     
                     	
                        
                        People: Possible causes are training, new employees, and
                           suppliers.

                        

                     
                     
                     	
                        
                        Materials: Possible causes are forms.

                        

                     
                     
                     	
                        
                        Equipment: Possible causes are equipment failure or lack of
                           maintenance.

                        

                     
                     
                     	
                        
                        Methods: Possible causes are poor communication and people not
                           following procedures.

                        

                     
                     
                     	
                        
                        Measurement: Possible causes are no standards or no calibration
                           requirements.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-53: Process Flowchart Example
[image: This flowchart represents a process flow for a shipment handling operation, starting from a production order and going through decision points such as direct shipment or sending to warehouses, followed by steps like credit check, tendering a carrier, and dispatching the shipment to the customer. Go to long description for more details.]
                  
                  
                  The image depicts a detailed shipment handling process flowchart that begins
                     with a production order. The process includes an initial step where a
                     checker determines where the product is shipped from. After an overrun
                     check, a decision point determines if the product will be a direct shipment.
                     If yes, the product is loaded and prepared for shipment. If no, it is stored
                     at Neenah Mill or is sent to either the Highway 41 warehouse or WSI
                     warehouse storage, where it is unloaded and put away before being loaded and
                     processed for shipment.

                  
                  
                  
                  The lower section of the flowchart details the post-production activities,
                     starting with a credit check, followed by confirming and printing shipment
                     paperwork, tendering a carrier, sending interoffice mail, faxing or emailing
                     the packing list to the customer, dispatching the shipment, and updating the
                     dispatch list. The final step is delivery to the customer/carrier. There are
                     volume metrics at the bottom indicating that 20 truckloads (TL) and 3
                     less-than-truckload (LTL) shipments are processed per day.

                  
                  
                  
                  This flowchart effectively maps out the sequential operations and decision
                     points that need to be followed in handling shipments from production to
                     final delivery.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-54: Value Stream Mapping Example
[image: This is a value stream mapping diagram that outlines the process of handling and shipping products from various suppliers to the customer. Go to long description for more details.]
                  
                  
                  The value stream mapping diagram illustrates the flow of materials and
                     information from suppliers to the final shipment of products to the
                     customer. The diagram starts with production orders from three suppliers:
                     Mill, Highway 41, and WSI, detailing how many shipments (Truckload/TL and
                     Less-than-truckload/LTL) are processed per day (e.g., 18 TL and 3 LTL from
                     Mill). The flow then moves to a checker who determines where the product is
                     shipped from, with the next step being an overrun check.

                  
                  
                  
                  If the product is not a direct shipment, it is sent to either the Highway 41
                     warehouse or WSI warehouse storage for further processing. The mapped steps
                     include credit checks, printing shipment paperwork, and dispatching the
                     shipment to the customer.

                  
                  
                  
                  The diagram highlights key information such as cycle times (CT), quantities
                     per day (Qty/day) for each operation, and lead times. For example, the CT
                     for confirming and printing shipment paperwork is 10 minutes, with a
                     capacity to handle 28 shipments per day. The diagram also includes metrics
                     for production lead time (95 minutes to 3.06 days) and value-added lead time
                     (42.2 minutes), helping identify areas of inefficiency or waste.

                  
                  
                  
                  Additionally, at the bottom of the diagram, some time estimates are
                     displayed, showing how long different operations take, such as 15 minutes
                     for certain stages and 60 minutes for others, providing a comprehensive view
                     of how long each step in the process requires. This map is crucial for
                     identifying bottlenecks and streamlining the process to reduce waste and
                     improve efficiency.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-23: Logistics Network Design Process
[image: This graphic outlines the logistics network design process in four key steps. Go to long description for more details.]
                  
                  
                  This visual illustrates a four-step process for logistics network
                     design:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Create rationale and urgency for supply chain transformation

                        
                        

                     
                     
                     	
                        
                        
                        Prepare for supply chain transformation

                        
                        
                        
                        
                           
                           	
                              
                              Activities involve:

                              
                              
                              
                                 
                                 	
                                    
                                    Form a project team and set scope, milestones, and budget.

                                    

                                 
                                 
                                 	
                                    
                                    Scan the market and identify drivers for change.

                                    

                                 
                                 
                                 	
                                    
                                    Audit as-is network.

                                    

                                 
                                 
                                 	
                                    
                                    Assess network alternatives.

                                    

                                 
                                 
                                 	
                                    
                                    Plan facilities.

                                    

                                 
                                 
                                 	
                                    
                                    Finalize to-be state.

                                    

                                 

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Execute the supply chain transformation

                        
                        
                        
                        
                           
                           	
                              
                              Activities involve:

                              
                              
                              
                                 
                                 	
                                    
                                    Develop and implement plan as series of projects.

                                    

                                 
                                 
                                 	
                                    
                                    Disband project teams.

                                    

                                 

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Review the supply chain transformation

                        
                        

                     

                  
                  
                  
                  Each step is part of a continuous cycle, where reviewing the transformation can lead
                     to
                     further improvements or adjustments, potentially triggering a new cycle. The arrows
                     indicate the flow of steps and feedback loops between certain activities within the
                     preparation and execution stages.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-24: STEEPLE Analysis
[image: The image depicts a company’s interaction with its macro environment using a circular diagram. The company is at the center, surrounded by a ring labeled “S T E E P L E.” Read long description below.]
                  
                  
                  Each letter in STEEPLE stands for different factors influencing the company:

                  
                  
                  
                  
                     
                     	
                        
                        S: Sociocultural factors

                        

                     
                     
                     	
                        
                        T: Technological factors

                        

                     
                     
                     	
                        
                        E: Economic factors

                        

                     
                     
                     	
                        
                        E: Environmental factors

                        

                     
                     
                     	
                        
                        P: Political factors

                        

                     
                     
                     	
                        
                        L: Legal and regulatory factors

                        

                     
                     
                     	
                        
                        E: Ethical factors

                        

                     

                  
                  
                  
                  These factors are further enclosed in an oval labeled “Macro environment,” indicating
                     that all these external elements impact the company. Arrows point inward from each
                     factor towards the company, signifying their influence on the company’s
                     operations.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-28: Economic Cost Map
[image: This graphic displays an economic cost map, illustrating three different zones (A, B, and C) with varying cost contours surrounding them. Go to long description for more details.]
                  
                  
                  The economic cost map is a contour map that shows how costs vary
                     across different locations. There are three primary zones (A, B, and C), each
                     representing a different location with distinct costs: Zone A has a center cost of
                     0.80. Zone B has a center cost of 1.00. Zone C has a center cost of 0.90. The dashed
                     contour lines surrounding each zone indicate areas of increasing cost as you move
                     outward from the central point of each zone. For example, moving outward from Zone
                     A,
                     the costs increase to 1.25, 2.25, and 3.25. Similarly, for Zone B and Zone C, the
                     cost
                     also increases as you move further away from the center.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-30: Order Cycle Durations Get More Reliable as More DCs are Added
[image: A line chart illustrating the impact of adding more distribution centers (DCs) on safety stock and order cycle reliability across different order cycle durations. Go to long description for more details.]
                  
                  
                  This line chart shows the effect of increasing the number of distribution centers
                     (DCs) on safety stock requirements and the reliability of order cycles across
                     different durations. The x-axis represents the number of DCs, ranging from 3 to 7.
                     The
                     y-axis shows percentages from 70% to 160%, indicating relative stock or reliability
                     levels.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Safety Stock is depicted by a blue dashed line that trends upward,
                           reaching over 150% as DCs increase.

                        
                        

                     
                     
                     	
                        
                        
                        Order Cycle 1 Day is represented by a dotted line that gradually rises
                           with more DCs.

                        
                        

                     
                     
                     	
                        
                        
                        Order Cycle 2 Days uses a dashed line, showing a mild increase.

                        
                        

                     
                     
                     	
                        
                        
                        Order Cycle 3 Days is illustrated with a solid dark gray line that remains
                           relatively flat across the DC range.

                        
                        

                     
                     
                     	
                        
                        
                        Order Cycle 4 Days is shown by a solid light blue line that stays almost
                           constant, indicating high reliability with minimal variation as more DCs are
                           added.

                        
                        

                     

                  
                  
                  
                  The graph highlights that shorter order cycle durations (1-2 days) see improved
                     reliability as DCs increase, while longer cycles (3-4 days) show more consistent
                     reliability regardless of the number of DCs. This suggests that order cycle durations
                     become more reliable with additional DCs, with a reduced need for adjustments in
                     safety stock.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-31: Total Cost Analysis Based on Number of DCs
[image: This line chart illustrates how various costs and the total cost change with an increasing number of distribution centers (DCs), measured in thousands of US dollars. The total cost initially decreases with more DCs, reaching a minimum point, and then gradually rises again. Read long description below.]
                  
                  
                  The chart displays the relationship between the number of distribution centers (DCs)
                     on the x-axis (ranging from 1 to 14) and the associated costs in thousands of US
                     dollars on the y-axis. Various cost components are represented by different line
                     styles and colors:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Total Cost (solid dark blue line): Shows a U-shaped curve, initially
                           decreasing with the addition of DCs, reaching a minimum point around 6 DCs, and
                           then increasing as more DCs are added.

                        
                        

                     
                     
                     	
                        
                        
                        Primary Transport (dotted black line): Decreases significantly as DCs
                           increase, with the steepest drop between 1 and 4 DCs, then stabilizes.

                        
                        

                     
                     
                     	
                        
                        
                        Fixed Storage Costs (dashed dark blue line): Increases steadily with each
                           additional DC.

                        
                        

                     
                     
                     	
                        
                        
                        Inventory Holding (dash-dot black line): Remains relatively low and flat
                           across all numbers of DCs.

                        
                        

                     
                     
                     	
                        
                        
                        Information Systems Cost (solid gray line): Remains consistently low and
                           stable throughout the range of DCs.

                        
                        

                     
                     
                     	
                        
                        
                        Local Delivery Cost (solid black line): Slightly increases as DCs are
                           added, with a gradual upward slope.

                        
                        

                     
                     
                     	
                        
                        
                        Cost of Lost Customers (dashed light blue line): Decreases as the number
                           of DCs increases, stabilizing after a few DCs.

                        
                        

                     

                  
                  
                  
                  The chart highlights that adding DCs reduces certain costs like primary transport
                     and
                     lost customers, while increasing fixed storage costs and, eventually, the total cost
                     after a certain number of DCs. The optimal cost balance occurs around 6 DCs, where
                     total cost reaches its lowest point before rising with additional DCs.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-34: Tradeoff Analysis Results Moving from Three to Five DCs
[image: This bar chart compares total logistics costs between the current and new systems, showing the breakdown of costs associated with moving from three to five distribution centers (DCs). Read long description below.]
                  
                  
                  The image shows a stacked bar chart with two bars, one for the current system and
                     one
                     for the new system. Both bars represent total logistics costs, broken down into five
                     different categories:

                  
                  
                  
                  
                     
                     	
                        
                        DC costs (the dark gray section at the bottom).

                        

                     
                     
                     	
                        
                        Inventory holding costs (dark blue section above the DC costs).

                        

                     
                     
                     	
                        
                        Primary transportation costs (light blue section above inventory holding
                           costs).

                        

                     
                     
                     	
                        
                        Local delivery costs (gray section).

                        

                     
                     
                     	
                        
                        Information systems costs (white section at the top).

                        

                     

                  
                  
                  
                  The current system’s total costs are shown as higher than the new system. The new
                     system has slightly increased DC costs but lower inventory holding, primary
                     transportation, and local delivery costs. The chart visually represents the cost
                     tradeoffs when moving from three distribution centers to five, leading to reduced
                     overall logistics costs in the new configuration. Each section of the bar reflects
                     the
                     relative contribution of each cost category to the overall expenses.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-35: Tradeoff of Primary and Local Transport versus Number of DCs
[image: This line graph illustrates the tradeoff between total, primary transportation, and local delivery costs as the number of distribution centers (DCs) increases from 1 to 14. Read long description below.]
                  
                  
                  This graph depicts three cost curves plotted against the number of
                     DCs along the x-axis and cost on the y-axis. 

                  
                  
                  
                  
                     
                     	
                        
                        The solid blue line represents total costs, which decline steeply as the number of
                           DCs increases from 1 to around 4 or 5. After this point, total costs begin to level
                           off, with a slight increase as the number of DCs exceeds 10.

                        

                     
                     
                     	
                        
                        The dashed blue line represents local delivery costs, which decrease consistently
                           as
                           the number of DCs increases. Fewer local deliveries are needed when more DCs are
                           strategically located near customers, hence lowering costs.

                        

                     
                     
                     	
                        
                        The dotted black line represents primary transportation costs, which increase
                           steadily as the number of DCs rises. This reflects the additional transportation
                           required to distribute goods to multiple DCs, as opposed to fewer DCs handling more
                           centralized shipments.

                        

                     

                  
                  
                  
                   The graph demonstrates a tradeoff between primary and local transportation costs.
                     Fewer DCs mean higher local delivery costs but lower primary transportation costs,
                     while
                     more DCs increase primary transportation costs but decrease local delivery costs.
                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-36: Order Channels and Distribution Strategies
[image: This graphic outlines various order fulfillment channels and distribution strategies. Read long description below.]
                  
                  
                  The diagram provides a detailed view of the retail and direct-to-consumer
                     fulfillment processes, highlighting the multiple pathways that can be used
                     to deliver products. The process is broken down into several key
                     components:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Customer Contact Examples:

                        
                        
                        
                        
                           
                           	
                              
                              
                              The diagram shows that customers can interact with the system
                                 through an insourced call center, an outsourced call center,
                                 or a website.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Distribution Strategy:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Various fulfillment models are listed, including Integrated,
                                 Dedicated, Outsourced, Direct store delivery, Store, and
                                 Flow-through. Each model represents a different distribution
                                 network type for processing and fulfilling customer
                                 orders.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Distribution Center Type:

                        
                        
                        
                        
                           
                           	
                              
                              
                              The diagram categorizes different types of distribution
                                 centers (DCs) that can be used in the fulfillment
                                 process:

                              
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Current Retail DC for all orders for the integrated
                                       distribution strategy

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Dedicated fulfillment center for parcel orders for
                                       the dedicated distribution strategy

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Dedicated distribution center for truckload and
                                       less-than-truckload orders to retailers also for the
                                       dedicated distribution strategy

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Truckloads and less-than-truckloads are sent to a
                                       third-party DC for the outsourced distribution
                                       strategy and the third-party DC sends truckloads or
                                       less-than-truckloads to retailers

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Supplier/Manufacturer DC for the direct store
                                       delivery distribution strategy sends direct
                                       less-than-truckload orders to the retailer

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Retailer picks order and packs the order if it is a
                                       parcel for the store distribution strategy

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Retail DC picks and packs order for the flow-through
                                       distribution strategy and then sends truckloads,
                                       less-than-truckloads, and parcels to the
                                       retailer.

                                    
                                    

                                 

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Parcel Carrier:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Once the product leaves the distribution center, it can be
                                 delivered through various channels:

                              
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Directly via a parcel carrier.

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Through a retail store for local delivery or
                                       pickup.

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Directly from the retailer to the customer.

                                    
                                    

                                 

                              
                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-40: Optimizing Distribution Tradeoffs
[image: This graph illustrates the optimal number of distribution points for balancing supply chain costs. Read long description below.]
                  
                  
                  This graph shows how various costs behave as the number of distribution points
                     increases, aiming to determine the optimal number of distribution centers (DCs) to
                     balance transportation and inventory costs.

                  
                  
                  
                  
                     
                     	
                        
                        
                        The solid blue curve represents the total supply chain cost. It initially
                           decreases with the addition of more distribution points, reaching a minimum, and
                           then starts rising.

                        
                        

                     
                     
                     	
                        
                        
                        The dashed blue curve illustrates the total inventory carrying cost, which
                           steadily increases as more distribution points are added.

                        
                        

                     
                     
                     	
                        
                        
                        The solid lower blue curve indicates the total transportation cost, which
                           decreases initially but eventually rises as distribution points proliferate.

                        
                        

                     

                  
                  
                  
                  The optimal number of distribution points is where the total supply chain cost is
                     minimized, shown as the intersection of these competing cost curves. This optimal
                     point balances transportation and inventory costs, achieving the minimum total
                     cost.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-43: Cost-Volume Analysis Graph
[image: This cost-volume analysis graph shows the total costs for three different cities — Los Angeles, Seattle, and Denver — based on the number of units sold (in thousands). Read long description below.]
                  
                  
                  This graph represents a cost-volume analysis comparing the total costs of serving
                     different sales volumes from three locations: Los Angeles, Seattle, and Denver. The
                     vertical axis represents total costs in US$ millions, and the horizontal axis
                     represents the units sold (in thousands).

                  
                  
                  
                  
                     
                     	
                        
                        The cost lines for Los Angeles, Seattle, and Denver start from different points,
                           reflecting their initial fixed costs, and increase at different rates based on
                           variable costs per unit.

                        

                     
                     
                     	
                        
                        Seattle starts with the lowest cost curve, meaning it is the least expensive
                           location for serving smaller sales volumes up to approximately 12,000 units
                           sold.

                        

                     
                     
                     	
                        
                        After 12,000 units, Los Angeles becomes the least costly location. The shift in
                           cost leadership occurs because Seattle’s variable costs eventually overtake Los
                           Angeles’s lower per-unit costs as sales volumes increase.

                        

                     
                     
                     	
                        
                        Denver, despite having the lowest cost at very low volumes, becomes the most
                           expensive option as the number of units sold increases.

                        

                     
                     
                     	
                        
                        The circles on the graph at 8,696, 12,000, and 14,815 units indicate specific
                           points where one city overtakes another in cost efficiency. The graph also shows
                           total costs at 26,000 units, highlighting that Los Angeles remains the lowest-cost
                           option at higher volumes.

                        

                     

                  
                  
                  
                  This graph visually illustrates the cost trade-offs at different sales volumes and
                     helps identify the optimal location for minimizing costs based on expected sales
                     levels.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 9-46: SCORmark Gap Analysis Example (Mockup)
[image: A comparison table showing various supply chain performance attributes, their corresponding metrics, target performance levels, and performance benchmarks for your organization, parity (50%), advantage (70%), and superior (90%). Go to long description for more details.]
                  
                  
                  This table compares your organization’s supply chain performance against industry
                     benchmarks for various attributes. The columns include:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Attribute: Lists the performance attributes being measured.

                        
                        

                     
                     
                     	
                        
                        
                        Metrics: Defines the specific metrics used to measure each attribute.

                        
                        

                     
                     
                     	
                        
                        
                        Target Performance: Indicates the target level of performance (e.g., Parity,
                           Advantage, Superior).

                        
                        

                     
                     
                     	
                        
                        
                        Your Organization: Shows your organization’s performance values.

                        
                        

                     
                     
                     	
                        
                        
                        Parity (50%): Industry benchmark for parity performance.

                        
                        

                     
                     
                     	
                        
                        
                        Advantage (70%): Industry benchmark for advantage performance.

                        
                        

                     
                     
                     	
                        
                        
                        Superior (90%): Industry benchmark for superior performance.

                        
                        

                     
                     
                     	
                        
                        
                        Gap to Target: The difference between your organization’s performance and
                           the target performance.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            [image: A diagram illustrating the logistics planning and control model. Go to long description for more details.]
                  
                  
                  At the top, the Organizational and Supply Chain Strategy informs the
                     Logistics Strategy, which is supported by Logistics
                        Tactics/Operations and Capacity.

                  
                  
                  
                  Below this, key components of logistics management are displayed in vertical
                     pillars:

                  
                  
                  
                  
                     
                     	
                        
                        Demand Management

                        

                     
                     
                     	
                        
                        Customer and Order Management

                        

                     
                     
                     	
                        
                        Warehouse Distribution and Fulfillment Management

                        

                     
                     
                     	
                        
                        Inventory Management

                        

                     
                     
                     	
                        
                        Transportation Management

                        

                     
                     
                     	
                        
                        Supply Management

                        

                     

                  
                  
                  
                  These pillars are supported by broader logistics concepts, including:

                  
                  
                  
                  
                     
                     	
                        
                        Global Logistics

                        

                     
                     
                     	
                        
                        Sustainability

                        

                     
                     
                     	
                        
                        Reverse Logistics

                        

                     
                     
                     	
                        
                        Risk Management

                        

                     
                     
                     	
                        
                        Logistics Framework and Metrics

                        

                     
                     
                     	
                        
                        Network (Re-)Design

                        

                     

                  
                  
                  
                  The diagram is enclosed in a loop that highlights the ongoing processes of
                     Continuous Improvement and Digital Transformation, suggesting
                     that these elements are crucial for evolving and refining logistics operations
                     within an organization.

                  
                  
               
               Go to image in text.
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(days)
Cost Total supply chain management | Advantage 8% 8.70%% 2.40% -3%
cost (% of revenue)
Profitability EBIT (as a % of revenue) Parity 16% | 14%! 17% 20% 2%
Assets Cash-to-cash cycle time (days) | Superior 52 55.4!] 30.5 [ 0] -52
Environmental | Waste generated (metric tons) | Parity 14.3 11.2 9.2 -0.9
Social Training (hours per year) Advantage 80 82.1 91.5 100.1 -11.5

Your organization

Source: Adapted from SCOR-Professional Training. Used with permission. Values are for example only.





