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         Module 2:
            Logistics Network Design

         
         
         
         
            
            
            Module 2: Logistics Network Design 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 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. Exhibit 2-1 shows how 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.

            
            
            
            
               Exhibit 2-1: Logistics Planning and Control[image: ../images/CLTDGraphic20-05-m2.png]
            
            
            
            
            Section A 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 B addresses risk
               management. This is a vital part of network design; risk management
               cannot be an afterthought. It needs to be designed to make the network resilient
               and tolerant to demand variability, supply disruption, financial
               risk, regulatory risk, security risk, hazards, business interruption,
               and other types of risks. Organizations adopt risk management in
               all areas and it becomes everyone’s responsibility, so it is important
               for logistics professionals to learn the risk management process
               and make it part of the network’s design. Special topics in this area
               include designing a network to have sufficient security and preparing
               for business continuity.

            
            

         
         
         
         
   
      
         
         
         
         Section A: 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 through to successful implementation

                  
                  

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

                  
                  

               
               
               
               	
                  
                  
                  Apply
                     total cost integration and systems philosophies to facilities planning

                  
                  

               
               
               
               	
                  
                  
                  Explain
                     various ways companies become involved in international trade and
                     how these strategic choices impact facilities planning and network
                     design

                  
                  

               
               
               
               	
                  
                  
                  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, and so on

                  
                  

               
               
               
               	
                  
                  
                  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.
               Since the strategy the organization has chosen to use to enter global
               markets (if any) impacts the number of facilities that will be needed,
               this also addressed. 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.

            
            

         
         
         
         
   
      
         
         
         
         Topic 1: Designing or Redesigning a Logistics
            Network

         
         
         
         
            
            
            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

            
            
            
            
            
               
               
               
               
               
                  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, in addition to
                        needing to run forward just to stay in the same place, organizations often need to
                        reengineer 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 higher levels of international
                        trade, 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

            
            
            
            
            
               
               
               
               
               
                  
                  Exhibit 2-2 provides a
                  logistics network design process that includes as its first step a way to customize
                  the
                  process to fit the organization’s unique needs.

               
               
               
               Note how the process includes some 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
                  refine
                  the process for the next time.

               
               
               
               
                  Exhibit 2-2: Logistics Network Design Process[image: ../images/CLTDgraphic7a-02.png]
               
               
               

            
            
         
         
         
         
            
            
            Form Project Team and Set Scope, Milestones, Budget.

            
            
            
            
            
               
               
               
               
               
                  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
                  and the
                  objectives and end results at a high level, for example, listing project milestones,
                  and it
                  has 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 it in writing so there can be no misunderstanding as the work is proceeding.

               
               
               
               
                  Clear objectives will also prevent scope creep, which is
                  when a project keeps getting things added to it without also getting more time and
                  funds to
                  accomplish those goals. 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.

            
            
            
            
            
               
               
               
               
               
                  
                  Network design needs to consider the long term. Capital
                  investments have a long payback period to recoup the 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 their 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.

               
               
               
               Here are some common drivers of 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 for high-value
                        light goods may be a better value.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Cost reduction. Costs increase incrementally, so more efficient networks become
                        necessary just for continued viability.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Customer change. Customer change can take the form of a desire for faster
                        service, more reliable service, new value-added services, and/or better partnerships.
                        It
                        can also be that their business model has changed, for example, their own customers
                        may
                        no longer be small merchants but large mass merchants.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        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.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        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 on demand with very
                        little lead time.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Mergers, acquisitions, divestitures. It is better to
                        redesign the network in advance of such changes so no one is caught by surprise. People
                        will naturally be defensive and want to preserve their portion of a network, even
                        if it
                        is not the best choice overall due to redundancy. Often the predicted benefits of
                        a
                        merger depend on generating economies of scale from eliminating duplicated
                        efforts.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Sustainability changes. Sustainability initiatives
                        might require developing a new reverse supply chain. Another example is a new
                        sustainable product design that requires substantial changes to the forward supply
                        chain.

                     
                     

                  
                  

               
               

            
            
         
         
         
         
            
            
            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 such as
                        the network’s nodes and links (see Exhibit 2-3).

                     
                     

                  
                  
                  
                  	
                     
                     
                     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.

                     
                     

                  
                  

               
               
               
               Many parts of this process were discussed elsewhere.

               
               
               
               
                  Exhibit 2-3: Mapping the Current System Using Nodes and Links[image: ../images/CLTDgraphic1b-22.png]
               
               
               
               
               Each node or link would likely also be listed with an
                  identifier, along with distance and/or cost information. 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. 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.

               
               

            
            
         
         
         
         
            
            
            Final Steps

            
            
            
            
            
               
               
               
               
               
                  
                  Assess
                     Network Alternatives.

                  
                  
                  
                  
                     Various modeling
                     techniques can be applied to assess network alternatives. Examples of these 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.

                  
                  
               
               
               
               
                  
                  Develop and
                     Implement Plan.

                  
                  
                  
                  The network (re)design plan
                     will likely be implemented as a series of discrete projects, such as acquiring new
                     facilities or modifying existing ones. Each of these will need its own funding and
                     time
                     lines and so on. An overall implementation plan will guide the order of projects and
                     track
                     their progress against the overall network objectives.

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

                  
                  
               
               
               
               
                  
                  Disband
                     Project Team.

                  
                  
                  
                  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.

                  
                  
               
               
               
               
                  
                  Validate
                     Network Performance.

                  
                  
                  
                  A final best practice
                     of any large initiative is to track results over time and compare them to the original
                     goals. This needs to be done after sufficient time has passed so there is relevant
                     data.
                     For this reason, this task usually exists outside of the formal project’s duration
                     and 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 estimation projects. It will
                     also
                     help keep estimators honest if they know that their estimates will be reviewed later.
                     This
                     feedback step is discussed in more detail elsewhere.

                  
                  
               
               

            
            
         
         
   
      
         
         
         
         Topic 2: Methods for Entering Global
            Markets

         
         
         
         
            
            
            Once a company decides to enter a global market, it must
               determine which method of entry to use. This strategic decision will obviously impact
               the
               number and type of facilities that will be needed in the market (from none to many),
               so it
               is one of the drivers of change (discussed elsewhere).

            
            
            
            There are several market entry options for companies
               to choose from.

            
            

         
         
         
         
         
            
            
            Exporting

            
            
            
            
            
               
               
               
               
               
                  
                  Exporting is the most common means of becoming
                  involved in foreign trade—by selling domestically made products to other countries.
                  It can
                  be done either actively, where the company has made a strategic decision to sell abroad,
                  or
                  passively, where a company responds to an unsolicited order or casually and infrequently
                  sells goods to foreign markets.

               
               
               
               As indicated in Exhibit 2-4, this may involve a number of different parties who work for the firm selling
                  the goods.

               
               
               
               
                  Exhibit 2-4: Methods of Global Entry[image: ../images/CLTDgraphic6b-04.png]
               
               
               
               
               
                  
                  
                  	
                     
                     
                     An agent is an individual
                        or small firm located in the target market area (or country) that sells the
                        manufacturer’s products according to the company’s terms of sale. The agent earns
                        a
                        commission on the sale after the customer has paid for the order. Note that some
                        countries will not allow agents or will not allow them to represent foreign
                        manufacturers.

                     
                     

                  
                  
                  
                  	
                     
                     
                     A distributor buys the
                        manufacturer’s products to resell at a profit. The distributor usually sets its own
                        prices and negotiates terms with customers. It typically carries an assortment of
                        inventory and spare parts and provides after-sale service. Inventory that does not
                        sell
                        is the distributor’s responsibility.

                     
                     

                  
                  
                  
                  	
                     
                     
                     If an exporting firm wants
                        more control, it may decide to establish a marketing subsidiary, which is a foreign
                        office staffed by exporting firm employees who sell the services and goods in the
                        foreign marketplace. All sales made by this entity to customers are considered domestic
                        sales and will therefore be simpler to manage. All profits earned by the subsidiary
                        are
                        taxable by the importing country’s government.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Foreign sales corporations
                        are a U.S.-devised means of securing tax reductions for U.S. exporters, using a
                        subsidiary the organization establishes in a pre-approved location. (Locations include
                        the U.S. Virgin Islands, Jamaica, and Barbados.) Once established, the exports can
                        be
                        sent all over the world.

                     
                     

                  
                  

               
               
               
               Of course the exporting firm also has the option to
                  sell its products or services using internet e-commerce. This is a very cost-effective
                  way
                  to gain global customers, who can shop 24/7 no matter which time zone they live in.

               
               

            
            
         
         
         
         
            
            
            Other Common Methods

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  
                  Other common methods of entry into global markets include licensing,
                  indirect exporting, joint ventures, and direct ownership and production abroad.

               
               
               
               
                  
                  Licensing

                  
                  
                  
                  According to the ASCM Supply Chain Dictionary,
                      
                     licensing is “paying a fee for permission to manufacture
                     and sell a product created by another.” The licensor (the manufacturer) agrees to
                     allow a
                     foreign company (the licensee) to use its manufacturing process, patents, trademarks,
                     and
                     trade secrets to create their product. The licensor receives a fee or royalty when
                     products are sold. Franchising and management contracts are both forms of
                     licensing.

                  
                  
               
               
               
               
                  
                  Indirect
                     Exporting

                  
                  
                  
                  This method of entry is
                     typically used by organizations that prefer to focus on their domestic markets or
                     don’t
                     have the internal resources to market their products abroad. Export trading companies
                     (ETCs) and export management companies (EMCs) can assist in these efforts. The basic
                     difference between an ETC and an EMC is that an EMC acts like an organization’s foreign
                     sales department and operates on commission while the ETC buys the goods from the
                     organization and resells them (hopefully) at a profit. Using an EMC is a great strategy
                     for a novice exporter because it acts like a single customer for that market, assuming
                     all
                     of the risks and complexities.

                  
                  
                  
                  There are two
                     ways in which firms can piggyback with their suppliers in an indirect exporting
                     arrangement:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        An exporter can ask one
                           of its less established suppliers, or another company making a complementary product,
                           to sell the product in the foreign market.

                        
                        

                     
                     
                     
                     	
                        
                        
                        A firm that has set up a
                           production facility in a foreign market can ask its suppliers to supply assembly
                           pieces and service customers needing spare parts. In essence, the suppliers end up
                           selling the product.

                        
                        

                     
                     

                  
                  
               
               
               
               
                  
                  Joint
                     Ventures

                  
                  
                  
                  A company interested in selling
                     abroad can join forces with another organization to form a new firm or can invest
                     in the
                     manufacturing operations and product distribution of an existing foreign company.
                     Through
                     a joint venture, a company can exert more control over all aspects of the business.
                     Sometimes foreign governments (for example, in India) prohibit outside companies from
                     entering alone into the local market. There is risk with joint ventures, due to potential
                     disagreements about business growth and operations between partners and the common
                     desire
                     for an outside firm to want to send profits back to its own country rather than investing
                     its capital back into the business.

                  
                  
               
               
               
               
                  
                  Direct
                     Ownership and Production Abroad

                  
                  
                  
                  A firm may
                     decide that it’s in its best interests to own a manufacturing facility, either by
                     building
                     a new one, which will be a very lengthy and involved process requiring government
                     permission, or by acquiring an already established foreign firm with existing distribution
                     channels and sales representatives. By owning its facility and having a team of employees,
                     the firm will have a higher level of control than with any of the other methods. The
                     costs
                     associated with this method can be quite high, and there’s significant risk in investing
                     in a foreign venture, including declining markets, devaluation, political changes
                     or
                     unrest, and nationalization.

                  
                  
               
               
               
               
                  
                  Other
                     Global Trading Arrangements

                  
                  
                  
                  Once the
                     commitment has been made to participate in international trade, other providers can
                     help.
                     Customs brokers can manage and coordinate international trade practices and tariffs.
                     They
                     can also be an excellent source of information about cultural nuances, barriers, and
                     requirements. For instance, a South American company may not be familiar with the
                     national
                     holidays in the EU, and a shipment going to France may be delayed if it’s due to arrive
                     on
                     one of those days. Some carriers are used to getting answers to their questions regarding
                     a shipment quickly. But some countries and cultures don’t operate that way, and it
                     may
                     take several additional days or weeks for a response or the requested activity to
                     take
                     place.

                  
                  
               
               

            
            
         
         
   
      
         
         
         
         Topic 3: Transportation
            Requirements and Network Size

         
         
         
         
            
            
            Transportation is a primary
               driver of logistics costs, and thus it is a primary consideration
               when developing or reengineering a logistics network to determine
               its appropriate general size. Network size can be generalized here
               in terms of the number of distribution centers or other types of
               warehouses the organization decides to use. 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.

            
            

         
         
         
         
         
            
            
            Business Strategy and Customer Requirements

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  
                  
                  Business strategy related
                  to network design involves setting a desired service level relative
                  to customer 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 this
                  strategy 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 first step in forming
                     a business strategy related to network design is to identify customer
                     segments (and give each group a name that makes sense for planning,
                     e.g., “organics/non-GMO shoppers,” “mid-size tech firms,” etc.)
                     and then to have discussions with current or potential customers
                     and do other types of market research to discover the preferences
                     of the targeted customer market segments. The objective is to determine
                     customers’ 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 considering
                     the costs of transportation and warehousing together at a given
                     level of safety stock and 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 level
                     based on industry standards, or, if an existing system is being
                     reengineered, it can be based on the current safety stock availability.
                     This availability rate would impact both lead time variability and
                     demand uncertainty.

                  
                  
                  
                  
                     To
                     determine pure cost tradeoffs, the organization can map its customer
                     territories using economic maps of costs. Exhibit 2-5 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 2-5: Economic Cost Map[image: ../images/CLTDgraphic7a-04.png]
                  
                  
                  
                  
                  
                     
                     
                     
                     
                     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. 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 2-6.
                     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 2-6: Sensitivity Analysis of DCs to Safety Stock Levels and Order Cycle Durations
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                  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).
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                  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.

                  
                  
                  
                  This
                     type of analysis can be followed by other 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 2-7.
                     (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 2-7: Total Cost Analysis Based on Number of DCs[image: ../images/CLTDgraphic7a-06.png]
                  
                  
                  
                  
                  Note
                     a few points about Exhibit 2-7 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 inventory in transit. 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 grows more slowly 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.

                  
                  
                  
                  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
               for Customer

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  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 transportation
                  and local delivery segments.

               
               
               
               At a more detailed level
                  of planning, specific transportation lanes along with lane volumes
                  can be assessed based on the demand forecast (or MRP calculations
                  for inbound transportation) 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 CL 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.

               
               

            
            
         
         
         
         
            
            
            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 2-8 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 2-8: Tradeoff Analysis Results Moving from Three to Five DCs[image: ../images/CLTDgraphic7a-07.png]
               
               
               
               
               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 2-9 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 2-9: Tradeoff of Primary and Local Transport versus Number of DCs[image: ../images/CLTDgraphic7a-08.png]
               
               
               
               
               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:
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               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:
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               As inventory locations
                  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).

               
               
               
               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 the square root of one, which results in 200
                  percent of the original aggregate safety stock. 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 (not 400 percent), and dividing this by eight means
                  that each DC needs just 35 percent of the single DC’s safety stock.
                  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.

               
               

            
            
         
         
         
         
            
            
            Number of Warehouses

            
            
            
            
            
               
               
               
               
               
                  
                  In Warehouse Management, Gwynne
                  Richards notes that the number of warehouses and the 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.

                     
                     

                  
                  

               
               
               
               Richards notes that the
                  decision about the number of warehouses to maintain has offsetting
                  advantages and disadvantages, which serve to recap the prior discussions on
                  these tradeoffs. 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 their costs in making this decision.

               
               

            
            
         
         
   
      
         
         
         
         Topic 4: Facility Location Decisions and
            Determining Facility Type

         
         
         
         
            
            
            Once you know the general size of your desired network,
               the next step is to decide where specifically to put your network nodes (production
               facilities and various types of warehouses) in relation to suppliers and customers.
               Here we
               start with some general deployment considerations and then show how the decision process
               narrows down the choices by nation, region, local area, and site. We conclude with
               a
               discussion of how to determine the appropriate facility type.

            
            

         
         
         
         
         
            
            
            General Deployment Considerations

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  
                  A number of qualitative deployment considerations are
                  important in facility location decisions.

               
               
               
               
                  
                  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 competitive strategy. This could be
                     responsiveness, agility, or cost leadership. 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 in this topic need to be reviewed and weighted by
                     the
                     organization based on its mission, vision, and organizational strategy.

                  
                  
                  
                  Part of ensuring strategic fit is to consider the type of
                     distribution network or fulfillment channel that will be used. (Manufacturer storage
                     with
                     direct delivery will have different location priorities than an independent distributor
                     with an omni-channel network.) This is addressed elsewhere.

                  
                  
               
               
               
               
                  
                  Proximity

                  
                  
                  
                  
                     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. At the time of this writing
                     in
                     2019, oil prices were moderately low, at about US$63 per barrel, which reduces the
                     priority placed on proximity. However, it is overall price volatility that needs to
                     be
                     foremost in long-term decisions. 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.

                  
                  
               
               
               
               
                  
                  Labor Rates

                  
                  
                  
                  
                     A primary component of transportation and warehousing
                     costs is the labor rate. Labor rates are often the number-one decision factor in where
                     to
                     locate a facility, because they make a huge difference in overall costs. 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. This may include collecting information on demographics, such
                     as the
                     average age of workers. For example, one region may have an average age of 56 years
                     while
                     another has an average age of 19 years. 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.

                  
                  
                  
                  Sourcing and manufacturing in countries with low labor
                     costs remains a popular choice, though the countries that have the lowest costs continue
                     to shift. China’s labor rates increased 20 percent per year between 2006 and 2010,
                     for
                     example. Between 2016 and 2019, Chinese manufacturing labor costs were more stable
                     and
                     increased by about 5 percent per year. The average manufacturing hourly wage in China
                     was
                     US$5.78 in 2019, but wages were lower elsewhere, such as US$4.66 per hour in Mexico
                     and
                     US$2.91 in Vietnam. The combination of a very low manufacturing labor rate with
                     long-distance transportation costs must be competitive for the industry for it even
                     to 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 to determine whether
                     the
                     region is still an advantage. When it is not, 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.

                  
                  
               
               
               
               
                  
                  Consumers (Retail,
                     Manufacturing, Direct)

                  
                  
                  
                  Industry clusters are
                     areas where certain types of industries have accumulated, such as California’s Silicon
                     Valley for high-tech firms. 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.

                  
                  
                  
                  Manufacturing location decisions may be based on natural resources in the area if
                     these
                     are directly mined, etc., or a supplier does so.

                  
                  
               
               
               
               
                  
                  Operational
                     Costs—Infrastructure

                  
                  
                  
                  
                     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.

                  
                  
                  
                  Infrastructure issues, such as access to water,
                     electricity, police security, acceptable roads (especially highways and freeways),
                     rail
                     lines, waterways, ports, and so on, are all very important to location decisions.
                     Failure
                     of any given infrastructure element (e.g., regular traffic congestion) can be a
                     disqualifier for a location. 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.

                  
                  
               
               
               
               
                  
                  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.

                  
                  
               
               

            
            
         
         
         
         
            
            
            National, Regional, and Site-Specific Decision 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.
                  When it gets down to local areas and specific sites, there are tactical considerations
                  such
                  as local zoning laws and other regulations. Note that organizations will need to make
                  their
                  own lists of factors and prioritize them between key success factors and secondary
                  factors.

               
               
               
               
                  
                  National/Regional

                  
                  
                  
                  At the country level, decision factors include currency
                     risk and exchange rate variability; robustness of infrastructure, including port and
                     road
                     throughput, telecommunications, and energy; degree of competition and other supply/demand
                     risks and opportunities; cultural, economic, and political climate; regulatory issues;
                     labor costs, productivity, and skill levels; and natural resources.

                  
                  
                  
                  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.

                  
                  
                  
                  At the regional level, proximity to
                     customers or suppliers/raw materials is a high priority, balanced by the costs of
                     land,
                     construction, and energy. Incentives can come into play here, too, and cost and quality
                     of
                     labor markets may be factors. Some regions 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.

                  
                  
               
               
               
               
                  
                  Site-Specific

                  
                  
                  
                  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. Topography, geology, or other site factors may make
                     a
                     location more or less suitable for a given facility type. 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.

                  
                  
                  
                  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. Such factors
                     can
                     create initial investment cost differences between the alternatives. 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.

                  
                  
                  
                  Local incentives can also 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.

                  
                  
                  
                  Organizations also 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.

                  
                  
               
               

            
            
         
         
         
         
            
            
            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.

               
               
               
               In other cases, the location of the facility near a
                  factory or raw material source will determine its appropriate type. Facilities located
                  near
                  plants will be for raw material and/or finished goods storage as well as for partially
                  completed goods. The industry and the types of goods will dictate whether specialty
                  types,
                  such as refrigerated or high security warehouses, are needed.

               
               
               
               What remains is to select among equally viable
                  alternatives for a given warehouse. Generally this means deciding when a cross-docking
                  center can be used in place of a fulfillment, consolidation, or break-bulk center.
                  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.

               
               
               
               Specialized logistics might need its own network or might
                  share resources to some degree. Storage and materials handling of hazardous materials
                  (HAZMAT) may 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.

               
               

            
            
         
         
   
      
         
         
         
         Topic 5: Modeling
            Approaches

         
         
         
         
            
            
            Some modeling approaches
               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, and yet others simulate a real-world environment
               so it can be experimented with before building it. Each of these
               approaches is discussed in this area.

            
            

         
         
         
         
         
            
            
            Heuristics

            
            
            
            
            
               
               
               
               
               
                  
                  Before discussing heuristics models, 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.

                     
                     

                  
                  

               
               
               
               Now let’s look at the definition
                  of heuristics. 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.

                  

               
               
               
               Taken together, this means
                  that 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 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:
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                  Since you have an estimate
                     of the fixed and variable costs, the volume is what you need to
                     solve for. 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 2-10 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. Following this, crossover points are provided in a second
                     table.

                  
                  
                  
                  
                     
                     
                     

                     
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 2-10: Cost-Volume Analysis Data and Crossover Points
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    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

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  
                     
                     
                     

                     
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Crossover Points

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Denver–Seattle
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    8,696

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Units

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Seattle–Los Angeles
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    14,815

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Units

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Denver–Los Angeles
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    12,000

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Units

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  The
                     crossover points are the key results of this analysis, and they
                     are calculated for each of the pairings of locations being considered.
                     They 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.
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                  We can make sense of these
                     crossover points using a graph. Exhibit 2-11 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 2-11: Cost-Volume Analysis Graph[image: ../images/CLTDgraphic7a-10.png]
                  
                  
                  
                  
                  Using
                     a CV 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,
                     then Denver is the best location. If it is between this amount and
                     14,815, then Seattle is the best location, but over 14,815 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 2-12 and Exhibit 2-13 show
                     several customer locations along with their centers of gravity based
                     on the volumes provided.

                  
                  
                  
                  
                     
                     
                     

                     
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 2-12: Center-of-Gravity Data
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                     Exhibit 2-13: Center-of-Gravity Map[image: ../images/CLTDgraphic7a-12.png]
                  
                  
                  
                  
                  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.)
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                  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
                     will add other factors such as locations of suppliers and also replace
                     shipping volume with weight shipped (e.g., ton) and shipping rate
                     (e.g., ton-mile). This will require an equation that is a bit more complicated,
                     but the results are still a suggested set of coordinates.

                  
                  
               
               
               
               
                  
                  Regression
                     Analysis

                  
                  
                  
                  
                     Regression
                     analysis will be 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 worksheet program 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 Microsoft Excel’sTM Solver
                  add-on tool can calculate an optimum result quickly.

               
               
               
               Computers find an optimum
                  result using linear programming, calculus, and many other complex
                  mathematical techniques. Assuming that the assumptions and data
                  are entered correctly and are accurate (these definitely need to
                  be verified), the user is guaranteed to find the mathematically
                  optimum solution (assuming that the problem and constraints were
                  defined in a way to make this 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 worksheet application, but
                  ERP systems such as SAP (SAP APO Supply Chain Engineer) and Oracle
                  (Oracle E-Business Suite Supply Chain Management) 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 worksheet 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.

               
               

            
            
         
         
   
      
         
         
         
         Topic 6: Network
            Design 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.

            
            
            
            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 are discussed last.

            
            

         
         
         
         
         
            
            
            Forecasting,
               Benchmarking, and Costing and Financing

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  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.

                  
                  
               
               
               
               
                  
                  Costing and Financing

                  
                  
                  
                  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.
                     As was just discussed, investments in supply chain frameworks won’t
                     be considered wise uses of funds unless they generate increased
                     revenues/cost savings that exceed 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).

                  
                  
               
               

            
            
         
         
         
         
            
            
            Analytics

            
            
            
            
            
               
               
               
               
               
                  
                  Analytics for 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. The next
                  step is to determine when to take a new set of measurements (how
                  long after the new supply chain is operating). 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. According to Walker in Supply Chain Construction, two
                  basic components of a newly (re)designed supply chain need to be
                  assessed—the supply chain framework and the contents of that framework
                  (or the product/service packages that the network is delivering
                  or returning).

               
               
               
               Walker recommends using
                  the following metrics for the supply chain framework:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        Order-to-cash cycle, what he
                        calls end-to-end throughput, in aggregate units and/or revenue dollars.
                        The order-to-cash cycle starts with a customer order and ends when
                        raw material suppliers receive their cash. Cash spent only to increase inventory
                        is not throughput. Walker recommends using factory output to estimate total
                        throughput as things become more complex upstream and downstream.
                        As with the theory of constraints, improving the capacity of the
                        network constraint is the key to ensuring that a redesign project
                        can deliver higher throughput.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        
                        
                        
                        
                        Landed cost, which can be measured
                        separately per echelon. In addition to the manufacturer’s landed
                        cost, DCs can compute a landed cost for delivery to them, as can
                        the retailer echelon. Improvements in this metric can be made by
                        removing echelons if the required source, transform, and fulfill
                        services can be provided by the remaining echelons at a lower landed
                        cost. Other areas for improvement include finding lower labor rates,
                        altering the bill of materials to remove costly components or find
                        cheaper substitutes, or finding ways to reduce logistics costs. The
                        changes need to result in less cost while maintaining quality and
                        value.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                        Cash-to-cash velocity, which
                        is similar to cash-to-cash cycle time (inventory days plus accounts
                        receivable days minus accounts payable days). Cash-to-cash velocity measures
                        the days of cash the echelon has to provide to pay its suppliers
                        before being paid by its customers. For a framework evaluation,
                        this or a similar metric should be measured both at the manufacturer
                        and separately for the DC echelon. Changes in this metric usually
                        involve working to get the customer to pay prior to needing to pay
                        upstream echelons. Keeping inventory in motion is another strategy.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                        Cash-to-cash variability, which
                        is the standard deviation of the cash-to-cash cycle time, or, in
                        other words, a determination of whether the cash-to-cash cycle time
                        is relatively stable or varies considerably over the year. This
                        metric should also be measured at the manufacturing and DC echelons
                        separately. Improvements in this area may focus on better delinquent
                        account collections and/or on minimizing inventory that is infrequently
                        ordered (e.g., ordering components only after a customer order arrives,
                        with the exception of the longest lead time components, or shortening
                        lead times).

                     
                     

                  
                  

               
               
               
               Walker recommends the
                  following metrics for the product/service packages flowing through
                  the supply chain:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        Inventory turnover. This should
                        be measured for each echelon separately and should be further subdivided
                        using ABC analysis by cumulative value (cost times volume) on a
                        commodity-by-commodity basis (e.g., all sheet-metal products get their
                        own ABC analysis). Analysis at this level of detail will guide policies
                        that prioritize turnover on the highest priority products and help
                        fine-tune safety stock policies (e.g., eliminating safety stocks
                        for C items). Improvements may hinge upon changing lot sizes to
                        reduce the risk that a forecast error will result in a larger-than-needed
                        reorder.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        
                        Delivery lead time in days
                        from the push-pull frontier to the end customer, what Walker calls
                        “vocalize.” It includes order transmittal, processing, picking,
                        and delivery. Improvements in this area may focus on reducing the
                        time to do credit checks or get management approval for order release
                        (common constraints within order processing). Product configuration
                        simplification may also help.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                        Planning horizon in days from
                        the longest lead time material to the push-pull frontier, which
                        Walker calls “visualize.” Doing more frequent reassessments of the planning
                        horizon will help detect and reduce lead time variability. In addition
                        to improving consistency, the duration of the longest lead time
                        might also be shortened (and a new component may become the long
                        lead time constraint), such as by digitizing documentation, streamlining
                        customs clearance, or near-sourcing. Organizations might also flatten
                        the bill of materials so that rather than a long linear process,
                        things that can be done in parallel are done simultaneously. Improving
                        the forecast mix accuracy can also help by reducing the ordering
                        of components not in demand.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        
                        Return on fixed assets. This
                        is the SCOR DS metric that is closest to the final metric Walker
                        recommends, return on invested capital. Money from investors and lenders
                        has a cost, and these parties expect the improvements in effectiveness
                        or efficiency to be greater than the invested capital plus the cost
                        of funding. This financial metric should also be measured at the
                        manufacturer and DC echelons. Improvements generally require increasing
                        profit (e.g., optimize price versus sales volume and/or decrease
                        costs) or increasing inventory turnover.

                     
                     

                  
                  

               
               
               
               Walker recommends that
                  the to-be metrics be listed alongside their as-is values to help
                  visualize the savings from each plan component. Showing a different
                  analysis per echelon (especially the manufacturer and DC echelons)
                  can also help show where there is the most room for improvement.
                  Finding a way to generate a composite score from these metrics will
                  also help compare competing alternatives when deciding on the best
                  network and assess the relative degree of success for a redesigned
                  network.

               
               

            
            
         
         
   
      
         
         
         
         Section B: Risk
            Management

         
         
         
         
         
            
            
            
            
            
               After completing this section,
                  students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  List some common logistics
                     risks along with how to minimize them using transportation and warehouse
                     policy

                  
                  

               
               
               
               	
                  
                  
                  Understand
                     security risks and responses as well as how these differ by country

                  
                  

               
               
               
               	
                  
                  
                  Use
                     packaging effectively to minimize the risk of damage to goods in
                     transit

                  
                  

               
               
               
               	
                  
                  
                  Follow
                     a risk management process that helps prioritize risks and determine appropriate
                     and cost-effective responses to them

                  
                  

               
               
               
               	
                  
                  
                  Develop
                     a business continuity plan to minimize the risk of disruption and
                     get the network back up and running following an incident

                  
                  

               
               
               
               	
                  
                  
                  Describe
                     the different approaches to insurance related to logistics.

                  
                  

               
               

            
            
            
            Risk and security are
               part of the expanding scope of duties for logistics professionals. While
               demand and order cycle uncertainty are two types of risk that have traditionally
               been managed by logistics, modern risk management is an organizationwide
               effort, and logistics needs to determine responses for a wider array of
               risks. Risk management is important because both customers and the organization’s
               owners (e.g., shareholders) place a high value on minimizing uncertainty.
               Organizations that reduce variability from risks will have lower uncertainty
               and thus be more attractive to investors and customers.

            
            
            
            All persons and areas
               of the organization need to do their part to identify risks and appropriate
               responses to them. Logistics professionals need to address risk
               at strategic, tactical, and operational levels. Tools to assess
               strategic risks, such as a SWOT analysis, are addressed elsewhere.
               This section addresses tactical and operational risk management,
               including an overview of the risk management process that needs
               to be sustained through regular meetings.

            
            
            
            Let’s start by identifying
               some common forms of risk related to logistics.

            
            

         
         
         
         
   
      
         
         
         
         Topic 1: Logistics
            Risks and the Risk Management Process

         
         
         
         
            
            
            Here we discuss the broad
               categories of risk (demand and supply, process, financial, environmental),
               along with some common responses used to mitigate risk in logistics. We
               conclude with a discussion of the risk management process.

            
            

         
         
         
         
         
            
            
            Demand and Supply Risks

            
            
            
            
            
               
               
               
               
               Risks may occur on both the demand and supply
                  sides of an operation.

               
               
               
               
                  
                  Demand Risks

                  
                  
                  
                  
                     
                     
                     
                     Forecast error is a critical demand risk. Forecast methods need
                     to include error threshold levels that trigger review and revision if surpassed. Another
                     response is
                     to follow forecasting best practices such as risk pooling (forecasting at the aggregate
                     level).
                     While aggregate forecasting still has about 10 percent error, forecasting error at
                     the stock keeping
                     unit (SKU) level is 40 percent or more, according to Schlegel and Trent, authors of
                     Supply Chain Risk Management. Errors can also come from bad models or
                     bad data, so models and data need to be checked carefully.

                  
                  
                  
                  Unpredictable
                     demand from the ultimate customer translates into demand risks for
                     all players in the supply chain, especially when the bullwhip effect
                     magnifies the variability of orders as they go up the chain. Demand
                     risks also include risks of lost customers, distribution requirements
                     planning risk, reputation risk, and customer service risk.

                  
                  
                  
                  Common responses to variability
                     include developing better visibility of actual customer demand,
                     changing operations to be more pull than push, and becoming agile and
                     able to flex capacity up and down to match demand. Measuring customer
                     service levels and polling customer satisfaction—and then acting
                     on the information—are ways logistics can reduce risks of lost customers
                     or other issues with customer service.

                  
                  
               
               
               
               
                  
                  Supply Risks

                  
                  
                  
                  
                     
                     
                     Supply risks involve interruptions in the flow of materials or
                     services from suppliers due to poor quality or lack of capability, supplier malfeasance
                     (e.g.,
                     counterfeiting or corruption), raw material supply allocation, or a multitude of other
                     reasons.
                     Risks to supply increase sharply when there is a single or sole source for a material,
                     especially
                     when that supplier is not geographically diversified in production operations. Lean
                     or just-in-time
                     strategies tend to promote the use of fewer but better suppliers, which reduces risks
                     of poor
                     quality or reliability, but a common response to availability risk is to maintain
                     at least a few
                     suppliers for each critical resource. Supplier audits or certification can help with
                     other issues.
                     For fraud, organizations can invest in software that helps monitor supplier transactions
                     and
                     contracts.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Process Risks

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  Process risks arise from
                  poor information systems or a lack of efficient or effective logistics
                  planning or execution. These are internal risks that are generally
                  controllable by improving management practices or making other investments
                  in technology, change management, or resources.

               
               
               
               Process risks include too
                  much reliance on particular facilities, equipment, or persons; capacity
                  constraints; poor inventory planning or control; labor unrest or
                  need for union or other contract renegotiation; inadequate training;
                  infrastructure failures; or loss of intellectual property (IP) from
                  supplier misappropriation or poor controls. Some amount of redundancy
                  or excess capacity is often needed to address facility or equipment
                  risk. Negotiating in good faith and starting negotiations far in
                  advance of contract deadlines are good responses to labor risks.
                  While organizational infrastructure can be kept well maintained
                  and things like generators can be obtained for power outage risk,
                  external infrastructure risks might be addressed by threatening to
                  relocate or actually relocating. Loss of IP related to suppliers
                  can be addressed by having different suppliers make different subcomponents
                  and not sharing the whole design with any of them. Loss of IP related
                  to poor controls—especially controls in countries with poor IP protections—may
                  require better IT security protocols, filing international patents,
                  or choosing to avoid certain markets.

               
               
               
               
                  
                  
                  
                  
                  
                  Let’s take a closer look
                  at two other important types of process risk: transportation risks
                  and warehousing risks.

               
               
               
               
                  
                  Transportation
                     Risks

                  
                  
                  
                  One transportation
                     risk is the loss of goods, which could be from a truck hijacking, damage
                     in transit, or a hazard such as a container falling off of an ocean
                     carrier or its contents being destroyed by water damage. Who bears
                     the risk of loss during the transfer of goods is not ruled by who
                     currently holds the title to those goods. Incoterms® 2010 outline that the
                     risk of loss of or damage to the goods, as well as the obligation
                     to bear the costs relating to the goods, passes from the seller
                     to the buyer when the seller has fulfilled his or her obligation
                     to deliver the goods. Various Incoterms® trade terms outline exactly
                     when this obligation is complete. Organizations need to arrange
                     terms that make sense and insure their portion of the trip. Even
                     when a carrier or other party has the responsibility for insurance,
                     legal liability limits often require getting additional insurance
                     to cover any gaps.

                  
                  
                  
                  
                     
                     Other
                     common transportation risks include poor mode or carrier selection
                     and transportation security.

                  
                  
                  
                  
                     
                     
                     
                        Mode Selection
                        

                     
                     
                     
                     Mode selection risks include
                        strategic risks such as not selecting the optimum mode, tactical
                        risks such as failing to periodically compare costs versus service
                        levels to ensure that the selected modes are still the best, and
                        operational risks such as risks related to capacity limitations,
                        delays, availability, and pricing. Other risks relate to the limitations
                        of the given mode, such as rail increasing the risk of freight damage and
                        having inconsistent service, trucks having limited capacity when
                        demand is high, or ocean transport having long transit times or
                        more ports of call than desired. Specialized supply chains, such
                        as cold chains or hazardous material transportation, will have their
                        own specialized risks.

                     
                     
                     
                     Events
                        such as recessions can create capacity limitations because a reduction
                        in trade will also reduce the number of containers and so on available
                        for backhauls. Bottlenecks can also occur in ports or other areas
                        due to capacity issues. The net result of scarce supply will be
                        an increase in rates. Port strikes slow or stop port traffic and
                        can cause major delays. In the long run, they can result in transportation rate
                        hikes. In some cases, ships might be able to be rerouted to alternate
                        ports, in which case logistics professionals need to find alternative
                        carriers and routes.

                     
                     
                     
                     For
                        example, the 2015 U.S. West Coast port strikes created severe backlogs
                        for the trucking and container/tanker shipping industries. With
                        70 percent of imports from Asia coming through the West Coast, the
                        strike impacted all organizations shipping or awaiting their goods.
                        Ports were gridlocked, and dozens of containerships were queued
                        for miles during the nine-month strike. Some supply chain managers
                        had to resort to expensive air shipment, including Fuji Heavy Industries,
                        which flew parts to its Subaru auto plants, adding approximately
                        US$59 million per month in transportation costs.

                     
                     
                     
                     Transportation rate variability is a major
                        concern for organizations. Excess supply drives down prices and
                        capacity constraints raise prices. In the coming years, a predicted
                        severe shortage in truck drivers will likely result in higher trucking
                        rates, for example. Fuel price volatility is another reason for
                        variability. Organizations can use financial instruments or long-term
                        contracts to hedge some of this volatility, but most carriers will
                        have fuel price surcharges built into contracts to pass on high
                        fuel costs.

                     
                     
                  
                  
                  
                     
                     
                     
                        Carrier Selection
                        

                     
                     
                     
                     Some carriers specialize
                        in certain types of transportation or geographic regions, and a
                        risk is that a carrier will be used for services that it is not
                        especially suited to, which could mean that the trip is inefficient
                        or costly. Since there are a large number of carriers (depending
                        on mode) and carriers need to be selected frequently, finding the best
                        carrier may not be easy. Use of preferred providers can help, but
                        an organization’s list of these carriers needs to be reviewed periodically
                        to ensure that it still identifies the best providers. It should
                        also be updated after carrier performance evaluations.

                     
                     
                     
                     Carrier rates are generally
                        market-driven, so there may not be much difference in price between
                        most carriers. Therefore, the main risks involved in choice of carrier include
                        those related to service, such as total transit time, lead time
                        variability, or damage to goods. For carrier lead time variability,
                        it is important to check on the frequency of breakdowns in vehicles.
                        If this is too high, then the carrier needs to invest in regular
                        maintenance. Other possible problems could be customs clearing issues
                        or hazards, which can signal a need to invest in their own risk
                        management (e.g., better customs process, backup trucks). Damage
                        to goods can be addressed by packaging.

                     
                     
                  
                  
                  
                     
                     
                     
                        Transportation
                           Security
                        

                     
                     
                     
                     Thieves
                        can be quite sophisticated when it comes to the theft of trucks
                        or trailers. Often they will steal a truck and use it to take away
                        unattended trailers, or they will steal a truck and a trailer but
                        transfer the trailer to another truck to reduce the risk of it being
                        tracked. They may also have their own warehouses for storage. Another
                        tactic in the age of remote location services is to steal a truck
                        and leave it unattended on a roadside to see if anyone shows up
                        to claim it. If it is not disturbed, they then drive off with it.
                        Would-be thieves will also take pictures and “case” facilities and
                        test their security defenses, so those false alarms may not be false
                        alarms at all but a criminal probing the defenses of a facility.

                     
                     
                     
                     In addition to protecting
                        against loss of goods, transportation security needs to look out
                        for the vehicles and drivers. The vehicles themselves may be stolen
                        to be resold or sold as parts. This can happen when a vehicle is
                        parked or as part of a hijacking. Policy should always put the driver’s
                        safety first, such as by not offering any resistance.

                     
                     
                     
                     Security responses for
                        parked vehicles includes locking them and securing vehicle keys
                        away from the vehicles. The vehicles themselves can also be secured,
                        such as by using solid doors rather than doors with windows in the
                        back and having a bulkhead between the driving area and the cargo.
                        For semis, a kingpin lock can prevent the cab and trailer from being
                        separated. Air brake valve locks prevent the brakes from being disengaged.
                        Security systems with cameras, vehicle immobilization, and satellite
                        or mobile tracking are also best practices. Geofences are GPS trackers
                        that provide an immediate alert to the logistics professional if
                        a vehicle goes outside of a specific transportation zone. In this
                        way you can respond to a theft as it is occurring. Devices can also
                        be stored in with the cargo that create a similar notification if
                        light is detected in the payload area when it should be sealed and
                        dark.

                     
                     
                     
                     For on-the-road
                        safety, one response is to load trucks on trains for parts of a
                        journey (particularly in countries with a high risk of hijacking),
                        especially when the driver’s sleep time can be scheduled during
                        the piggyback part of the trip. This reduces the risk of driver
                        fatigue and the risk of noncompliance with laws on drivers’ hours
                        of operation. Other responses include traveling in convoys, changing
                        routes, keeping vehicles moving as much as possible, using safer
                        routes or alternate modes of travel (e.g., rail is safer than truck),
                        and contacting the police rather than offering roadside assistance
                        for stalled vehicles. Security may also involve doing some research
                        on the types of goods a given carrier transports. For example, one
                        truck containing shampoo was hijacked and then left on the roadside
                        with its load intact because the thieves were expecting to find
                        flat-screen TVs, which was another common load for the same carrier.
                        If you are moving goods with high street value, you can use non-descriptive packaging
                        or opaque shrink-wrap.

                     
                     
                  
               
               
               
               
                  
                  Warehousing
                     Risks

                  
                  
                  
                  
                     Warehousing
                     risks include strategy risks and warehouse security.

                  
                  
                  
                  Poor selection of warehouse
                     locations can result in a number of strategic risks to service levels
                     or profitability. Once it is determined that a poor location is
                     being used, some factors may be mitigated with capital improvements,
                     but, in many cases, the issue will be resolved only by relocation.
                     Taking sufficient time to vet any replacement location is a good
                     way of minimizing this risk in the future.

                  
                  
                  
                  Security is a necessary protection against
                     pilferage, which could be perpetrated by unknown criminals or opportunists
                     or by workers or drivers. For this reason, security depends almost
                     as much on having a proper set of checks and balances as it does
                     on physical barriers such as fences and gates or cages and restricted
                     areas. High intensity lighting around dock areas and motion detectors
                     throughout the warehouse are among other best practices. Regular
                     warehouse security audits, such as C-TPAT compliance in the U.S.,
                     can greatly reduce warehouse risks.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Financial Risks

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  
                  Financial risks include
                  risks to the organization’s solvency as well as financial risks
                  of customers or suppliers. Market volatility and the economy might
                  be considered financial risks but are discussed later as environmental
                  risks. Another type is the risk of nonpayment from customers. This
                  can be mitigated using credit checks, background checks like talking
                  with the customer’s other suppliers, or use of safer payment terms
                  and instruments.

               
               
               
               
                  
                  Supplier
                     Financial Failure

                  
                  
                  
                  Suppliers
                     who are failing to control their costs over time or who have accepted contracts
                     with unprofitable terms are at risk of failure, and this poses a
                     risk to supply availability. Suppliers who are in financial difficulties
                     may also not make wise decisions regarding ethics, pricing, quality,
                     or the communication of problems. Audits of prices against the contract
                     can help guard against price irregularity risks.

                  
                  
                  
                  Since suppliers might not be forthcoming
                     about their financial difficulties, a best practice is for organizations
                     to monitor the financial stability of their suppliers on their own.
                     This can involve using publicly available financial information,
                     information gathered during independent audits, or information that
                     the suppliers provide that is independently verifiable. The organization’s
                     financial professionals can use this information in a variety of
                     financial metrics such as bankruptcy predictors (e.g., the Altman
                     Z-score), financial ratios, and measures of available capacity (too
                     much indicates a lack of orders or customers, while too little indicates
                     a risk of being unable to fill your orders). They can look for other
                     red flags like decreasing quality, changes to payment terms or incentives,
                     long lead times (i.e., a supplier may order its supplies only after
                     an order comes in), fewer investments in research or equipment,
                     high executive turnover, layoffs, and so on.

                  
                  
               
               
               
               
                  
                  Inventory
                     Risks and Supply Chain Inventory Financing Solutions

                  
                  
                  
                  
                     
                     
                     Paying for inventory
                     to be manufactured or buying inventory for resale is a risk because
                     it ties up working capital (current funds) and is an opportunity
                     cost for organizations. Inventory financing (called factoring) with
                     the inventory used as collateral enables organizations to free up
                     working capital for other purposes. The amount of financing that
                     is offered is based not only on the value of the inventory but also
                     on inventory risks such as the inventory carrying cost, the predicted
                     duration that the inventory will need to be carried, and obsolescence
                     risk. Organizations that have reliable records (e.g., blockchain
                     records) and data to support likely sales rates will have an advantage
                     in getting better financing rates and financing amounts.

                  
                  
                  
                  Note that some supply
                     chain inventory financing solutions can also be used to reduce the
                     risk of supplier financial failure because the timing of payments
                     to the supplier can be sped up. The third party, called a factor,
                     pays the supplier immediately while setting up longer payment terms
                     with the buyer.

                  
                  
               
               
               
               
                  
                  Cost
                     Control

                  
                  
                  
                  
                     Cost control
                     while maintaining an acceptable service level has been a main theme
                     in this course. The main risk related to unnecessary costs is one
                     of complacency. Even systems that were optimized when designed will
                     grow less optimal over time as events, prices, demand, and so on
                     change. Periodic review and reengineering are needed.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Environmental Risks

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  Environmental risks include
                  risks related to government regulations and compliance, taxes, currency
                  fluctuations, economic uncertainty, security, and natural disasters.

               
               
               
               
                  
                  Regulatory
                     Risks

                  
                  
                  
                  Organizations
                     must comply with all applicable international, national, regional,
                     and local regulations and be able to prove compliance. Regulations
                     exist to protect consumers, workers, community economies, investors,
                     the environment, fair competition, and the general public. These
                     regulations may limit the scope of activities that can be performed.
                     They may require the use of safety or environmental protection equipment
                     in facilities or vehicles. They may require an organization to track
                     certain materials (e.g., conflict minerals) back to their source
                     and forward to customers and to report on the materials’ use. Compliance
                     failures create a risk of fines, jail time for employees, or facility
                     shutdowns. Some regulations exist to encourage certain behavior
                     rather than deter it, and there is also a risk of failing to take
                     advantage of these incentives.

                  
                  
                  
                  Common responses to regulatory risks include
                     reviews of regulations at all levels prior to developing a new facility
                     location or entering a new market. When several locations are being
                     considered, the advantages or disadvantages these create can be used
                     as part of the site selection criteria. Organizations also need
                     to monitor their own and their suppliers’ regulatory compliance
                     by using compliance audits. Proper record keeping is a primary control.
                     Some activities like hazardous waste incineration need to be monitored
                     by a third party to help prove compliance.

                  
                  
               
               
               
               
                  
                  Weather
                     and Natural Disaster Risks

                  
                  
                  
                  Weather events and other natural disasters are events that can
                     cause loss of goods and property damage, temporary interruption of services, and/or
                     disruption of
                     business continuity. Viruses or other epidemics are another type of disruption. Contracts
                     typically
                     have clauses addressing allowed temporary suspension of contract performance for all
                     parties in
                     specific situations outside the control of the organization(s). Similarly, it is important
                     to
                     understand insurance contract details to know when insurance would and would not provide
                     a benefit.
                     While there are differences due to jurisdiction and contract/insurance language, generally
                     the
                     situation would need to be deemed truly unpredictable for such clauses or insurance
                     benefits to go
                     into effect. Failure to take proper preparations or acts of negligence are also common
                     exceptions.
                     Responses to such risks include careful crafting of contract clauses and insurance;
                     appropriate
                     facility design; proper facility and equipment maintenance; wise selection of trade
                     routes,
                     transportation modes, and carriers; and geographic diversification.

                  
                  
               
               
               
               
                  
                  Government,
                     Economic, War, and Terrorism Risks

                  
                  
                  
                  Political turmoil; government appropriation
                     of land, assets, or businesses; product tampering or vandalism;
                     economic downturns; wars; and acts of terrorism are all external
                     risks that cannot be controlled. Many of these risks will need to
                     be accepted. An organization may choose to avoid doing business
                     in a particular country if the risk is too high.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Risk Responses

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  
                  
                  Some general responses
                  to risk can address many risks simultaneously. These include building
                  redundancy, investing in visibility, and packaging goods properly.

               
               
               
               
                  
                  Redundancy

                  
                  
                  
                  Building redundancy involves
                     having the same capabilities at multiple facilities, having two
                     or more pieces of the same equipment, or having more than one warehouse
                     that can serve a given market within an acceptable service time
                     frame. Redundancy can be more effective when it also involves geographic
                     diversification. This way one natural disaster will be less likely
                     to destroy both assets. However, redundancy is expensive. The cost
                     of the redundancy can make a system less than optimal very quickly.
                     The amount of risk that redundant assets reduce can be quantified
                     and compared to the assets’ cost. Only redundancy that has greater
                     benefits than costs should be maintained. In some cases, redundancy
                     can be supplied by investing in multi-use equipment, equipment that
                     can be changed over, using multi-skilled workers, and so on. Similarly,
                     two warehouses can be established to serve different markets primarily
                     but be backups to each other. This can sometimes provide the benefits
                     of redundancy with lower costs. A similar innovative solution may
                     be to negotiate a cross redundancy arrangement with another supply
                     chain, for example, agreeing to share DC space in emergency situations.

                  
                  
               
               
               
               
                  
                  Visibility

                  
                  
                  
                  
                     Visibility can help in
                     avoiding or mitigating many risks, especially supply and demand risks.
                     Also, having a process and culture that encourage communicating
                     bad news sooner rather than later will make many risk responses
                     more effective. Visibility will be accomplished using data sharing
                     among partners, linked information systems, and so on, but communication
                     policies play a big role in encouraging people to share that bad
                     news, like early detection of a late shipment, or to communicate
                     about that intended sales promotion.

                  
                  
               
               
               
               
                  
                  Packaging

                  
                  
                  
                  Product damage can result
                     from vehicle or unloading equipment operator incidents, poor freight-handling
                     procedures, or equipment being loaded improperly. It can also occur
                     from automated systems such as conveyor belts or cranes. In other
                     cases, damage can be caused during the normal operation of a vehicle,
                     such as a bumpy rail journey or cargo breaking loose inside a container
                     during a storm at sea.

                  
                  
                  
                  Packaging
                     is a primary response to the risk of damage. It prevents problems
                     rather than requiring expensive freight claims, claims administration,
                     and returns and resupply. Failure to properly pack cargo limits
                     the carrier’s liability and so could result in freight claims not
                     being paid.

                  
                  
                  
                  Industrial
                     packaging includes pallets and cardboard, shrink-wrap, edge protectors, bubble
                     wrap, plastic bags, desiccants, packing peanuts, and so on to prevent
                     obvious or concealed damage to inventory. It also includes methods
                     of securing freight inside trucks or containers. Boards, blocking,
                     and cleats can be used to brace a load against the walls and ceiling.
                     Air bags can be used to fill empty spaces.

                  
                  
                  
                  Packaging can also be used to deter theft.
                     While commercial packaging is often part of a marketing plan, industrial
                     packaging should be generic and nondescript to provide no clues
                     to would-be thieves as to the value or nature of the goods being
                     shipped.

                  
                  
                  
                  The needs of
                     various stakeholders should be taken into account when designing protection
                     and access into industrial packaging. Packaging for customs requires
                     that customs have easy access to the goods being transported. Often
                     this means minimizing packaging or designing packaging that can
                     be opened for inspection and then resealed. Digital photographs
                     may also be used to properly identify packaged contents.

                  
                  
                  
                  In addition to packaging,
                     training programs can help reduce risks related to handling, use
                     of reliable and maintained equipment reduces handling risk, vehicle
                     data can collect information on driver speed, mishandling detectors
                     can be placed in packages, and carrier damage performance measures
                     can be used to determine which carriers to continue using. For example,
                     accelerometers can be placed inside containers to measure the level
                     of impact from loading and unloading procedures.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Risk Management
               Process

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  The ASCM Supply Chain Dictionary defines risk management as

               
               
               
               
                  
                  the
                     identification, assessment, and prioritization of risks followed
                     by coordinated and economical application of resources to minimize,
                     monitor, and control the probability and/or impact of unfortunate
                     events or to maximize the realization of opportunities.

                  

               
               
               
               
                  
                  
                  
                  
                  Organizations can use the
                  ISO 31000 standard to develop a comprehensive risk management process.
                  According to the Dictionary, ISO 31000 is

               
               
               
               
                  
                  a
                     standard developed by the International Organization for Standardization
                     (ISO) that outlines principles and a set of guidelines to manage
                     risk in any endeavor. The standard includes guidelines for understanding
                     risk, developing a risk management policy, integrating risk management
                     into organizational processes (including accountability and responsibility),
                     and establishing internal and external risk communication processes.
                     ISO 31000 is not a management system standard and is not intended
                     or appropriate for certification purposes or regulatory or contractual use.

                  

               
               
               
               Here are the basic steps
                  in most risk management processes:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        Identify
                           and document risks. Document causes of known risks and their
                        relative impact and effect in a risk register (a worksheet that
                        lists all risks and has columns for various attributes).

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Categorize and prioritize risks. Categorizing
                        risks helps put them into groups that might be similarly addressed
                        and ensures that risk identification is comprehensive. Qualitatively
                        assess each risk by its relative impact (both severity and time
                        to recover) and probability (likelihood of occurrence):
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                        Exhibit 2-14 shows
                        how this can be done using percentage-based categories. (Organizations
                        will select these percentages and their labels.) Multiplying the probability
                        percentage by the impact percentage results in a risk rating percentage. (The
                        exhibit rounds this to nearest percent). The shading indicates low,
                        medium, and high risk areas, which can help guide response procedures.
                        Organizations will set thresholds for risk levels based on their
                        appetite for risk (e.g., risk-seeking or risk-averse). Urgency or
                        other factors such as time to recovery might also be used to rate
                        a risk higher or lower (e.g., a high probability but short time
                        to recovery may be acceptable).

                     
                     
                     
                     
                        Exhibit 2-14: Probability and Impact Matrix[image: ../images/CLTDgraphic7b-13.png]
                     
                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                        
                        Quantitatively analyze risk if
                           desired. The impact of a risk can also be put in monetary terms.
                        Using the same basic formula, the percentage probability times the monetary
                        impact results in an expected monetary value (EMV):
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                        Overall value at risk
                        (VaR), sometimes called a risk and opportunity (R&O) analysis, is
                        a sum of the EMVs for all of the risks and opportunities for a strategy
                        or project. If the net sum is positive, then the rewards outweigh
                        the risks. Note that if there are business investments or risk mitigation
                        costs, then the formula becomes
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                     In the formula, net impact
                        is the impact plus the cost. Note that only costs that differ between
                        the alternatives are included.

                     
                     
                     
                     For an opportunity, this would be the probability
                        times the return after deducting the capital investment. For a threat
                        that involved purchasing insurance, it would be the probability
                        times the insurance cost, including the cost of the deductible.
                        This could be compared to the alternative of no insurance, which
                        would be probability times the potential loss. Note that we are
                        not comparing the cost of insurance with no risk event occurring
                        to the cost of insurance and that risk event occurring, since the
                        percentage probability already takes this “will it or won’t it happen”
                        part of the analysis into account. Whether or not to get insurance
                        (or in invest in training, etc.) at all is what is being decided.
                        The size of the premium plus deductible or other mitigation cost
                        is a factor in whether or not this is a cost-effective choice. Another type
                        of quantitative analysis is to model the situation using a sensitivity
                        analysis or scenario.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                        Pick a basic risk response. There
                        are four basic responses:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           
                              
                              
                              
                              Accept. The ASCM Supply Chain Dictionary defines risk acceptance as “a decision
                              to take no action to deal with a risk or an inability to format
                              a plan to deal with the risk.”

                           
                           

                        
                        
                        
                        	
                           
                           
                           
                              
                              
                              
                              Avoid. The Dictionary defines risk avoidance as “changing a
                              plan to eliminate a risk or to protect plan objectives from its
                              impact.” For an opportunity, this step is called “exploit” (i.e.,
                              go all in).

                           
                           

                        
                        
                        
                        	
                           
                           
                           
                              Transfer. This involves having
                              another party assume the risk, for example, by buying insurance
                              or contractually obligating a business partner to assume liability.
                              For an opportunity, this is called “share.” (The parties get some
                              of the risk and some of the reward.)

                           
                           

                        
                        
                        
                        	
                           
                           
                           
                              Mitigate. The Dictionary defines risk mitigation as “reducing
                              exposure to risk in terms of either its likelihood or its impact.”
                              Mitigation involves lessening the probability or impact of the risk,
                              such as by investing in training, redesigning processes, or building
                              redundant facilities. For opportunities, this is called “enhance,”
                              and it might include, for example, adding staff.

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Develop preventive and contingent
                           action plans. Preventive action plans avoid, transfer, or mitigate
                        a risk before it occurs. Contingent action plans identify what to do
                        to get back up and running after a risk event occurs. These plans
                        may need a dry run much like a fire drill. Both preventive and contingent
                        plans are needed, and both require funding and assignment to specific
                        individuals. There may also be a general fund for unknown risks.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Implement preventive action plans. These
                        are often implemented as projects with their own plans, goals, success
                        measures, and management. For example, this could be building a
                        centralized warehouse for unpredictable demand items so decentralized
                        capacity will be available for high-demand items.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Regularly meet to review risk and
                           risk response status. Identify new risks, changes in probability
                        or impact, and the status of responses. Some risks will be irrelevant
                        and can be removed from the risk register. This way the register
                        remains a living document.

                     
                     

                  
                  

               
               
               
               This risk management process
                  weighs the probability against the impact so that the response will
                  never cost more than the risk itself would have. In general, if
                  the cost of the response is greater than the risk-adjusted cost
                  of the risk (the EMV), the best response will be to accept the risk
                  or avoid doing the activity that generates the risk. Transfer is
                  also an acceptable response in the case of commonly insured risks,
                  as these low probability, high impact risks are often so disruptive
                  and costly that insurance is purchased anyway. (However, the level
                  of coverage versus premiums and deductibles can be assessed.) An
                  example of when acceptance or avoidance is the best alternative
                  is if the organization is considering adding redundant suppliers.
                  If the cost outweighs the benefits after the probability of occurrence
                  is factored in, it will not be a good strategy. Instead, the organization
                  may need to get creative, such as having several suppliers each
                  provide a portion of the high-demand items, with contracts to increase
                  supply by a certain percentage within a given time period to guard
                  against losing one of them. A few flexible suppliers might be contracted
                  to provide a whole range of low-demand products if need arises.

               
               

            
            
         
         
   
      
         
         
         
         Topic 2: International Security Measures

         
         
         
         
            
            
            This area looks at some of the measures taken by
               international organizations and different countries to foster the security of supply
               chains.

            
            

         
         
         
         
         
            
            
            International Organizations

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  International organizations that help protect the security
                  of transit and goods include the International Chamber of Commerce, the World Customs
                  Organization, and the International Maritime Organization. In addition, international
                  standards organizations such as ISO publish standards related to security.

               
               
               
               The International Chamber of Commerce (ICC) was founded in
                  1919 as a way for organizations to understand and manage the shifts in the global
                  economy.
                  It provides advocacy and produces policy documents on behalf of the six million
                  organizations in the ICC network from its Paris headquarters and regional offices
                  in over
                  100 countries. From a logistics perspective, it advocates for trade and investment
                  and
                  customs and trade facilitation. It has a wide array of voluntary rules in accordance
                  with
                  its principle of self-regulation. An example of this is its Incoterms® trade terms. The ICC also issues the most widely used
                  trade credit terms, the Uniform Customs and Practice for Documentary Credit.

               
               
               
               The World Customs Organization (WCO) is made up of 183
                  member countries that participate in forming supply chain security guidelines with
                  a goal of
                  helping to rapidly clear low-risk shipments. The WCO’s Secure and Facilitate Global
                  Trade
                  (SAFE) Framework includes a mandate that importing countries standardize the information
                  required of shippers in the form of advance ship notices (ASNs). WCO’s SAFE Framework
                  created the Importer Security Filing program.

               
               
               
               The International Maritime Organization, an agency of the
                  United Nations, has published the International Ship and Port Facility Security Code
                  (ISPS)
                  to help secure ships in transit and shipping ports by specifying risk management activities
                  that vessels and ports should adopt. The code is part of the Safety of Life at Sea
                  Convention (SOLAS), and compliance is mandatory for all countries that were party
                  to this
                  1974 convention. It contains guidelines for countries, ports, and oceangoing ships.
                  Ships
                  from other ports attempting access to a member port may be denied entry until they
                  receive a
                  certificate of compliance. The ISPS is implemented in the U.S. through the U.S. Maritime
                  Transportation Security Act of 2002.

               
               
               
               Examples of international standards that relate to
                  security include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     ISO/PAS 17712:2013 is the ISO
                        publicly available specification (PAS) regulating the classification and use of seals
                        on
                        shipping containers.

                     
                     

                  
                  
                  
                  	
                     
                     
                     International Standards for
                        Phytosanitary Measures regulation ISPM15 regulates acceptable methods of heat and
                        chemical treatments to protect countries from invasive species on wood pallets,
                        etc.

                     
                     

                  
                  

               
               

            
            
         
         
         
         
            
            
            Approaches of Different Countries

            
            
            
            
            
               
               
               
               
               
                  Because most of the imports and exports to and from a
                  country are in the form of private party trade goods, governments wanting to increase
                  border
                  security and prevent terrorists from intrusion into supply chains have a choice: Subject
                  all
                  imports to additional security measures at enormous expense for the government and
                  with
                  lengthy delays to the movement of goods, or forge partnerships with organizations
                  and other
                  customs agencies to improve security. The primary benefit of a partnership for organizations
                  is that the customs process may be faster and smoother. The following are examples
                  of
                  security partnerships:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        Authorized Economic Operator
                        (AEO) program—European Union

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                        Customs-Trade Partnership
                        Against Terrorism (C-TPAT)—U.S.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Partners in Protection
                        (PIP)—Canada

                     
                     

                  
                  
                  
                  	
                     
                     
                     Secure Trade Partnership
                        (STP)—Singapore

                     
                     

                  
                  
                  
                  	
                     
                     
                     AA rating for
                        customs—China

                     
                     

                  
                  

               
               
               
               Countries establish other security measures to balance
                  security against the free flow of goods, for example, in the U.S., the Fast and Secure
                  Trade
                  (FAST) program, the Container Security Initiative (CSI), and the Advanced Manifest
                  Regulations (AMR).

               
               
               
               Let’s look more closely at two of the security
                  partnership programs: AEO and C-TPAT.

               
               
               
               
                  
                  AEO (European Union)

                  
                  
                  
                  The Authorized Economic Operator program allows
                     member-states of the European Union the right to grant AEO status to any person or
                     organization who passes a thorough business audit and qualifies with EU rules regarding
                     customs compliance (i.e., has a proven record of customs compliance), commercial and
                     transportation record keeping, financial solvency, and security and safety standards
                     (if
                     applicable). Other member-states will recognize the status but might grant customs
                     clearance simplification measures only if the applicant meets their basic criteria.
                     (They
                     won’t redo the screening, however.) Applicants fill out a self-assessment questionnaire,
                     review a list of potential risks and solutions, and make a security declaration.

                  
                  
                  
                  There are three certificates an organization with AEO
                     status can receive:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        AEOC grants priority status
                           and customs simplifications, such as the following:

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              No need to be reexamined
                                 to get customs simplifications available to non-AEO organizations (non-AEO
                                 organizations need to be examined each time); these include local clearance and
                                 simplified declaration, regular shipping services, proof of community status, and
                                 so on.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Fewer document and
                                 physical customs controls (other than security and safety controls).

                              
                              

                           
                           
                           
                           	
                              
                              
                              Priority treatment if
                                 screened.

                              
                              

                           
                           
                           
                           	
                              
                              
                              May be able to specify
                                 where the control will be performed.

                              
                              

                           
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        AEOS grants security and
                           safety certification, including these benefits:

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              Prior to arrival or
                                 departure of goods, customs may warn the organization of upcoming physical review
                                 so they can plan for it

                              
                              

                           
                           
                           
                           	
                              
                              
                              Shorter forms for
                                 entry/exit summary declarations.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Fewer security and safety
                                 documents or controls like inspections except in case of a specific threat, and
                                 status may still be taken positively into account.

                              
                              

                           
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        AEOF grants both AEOC and
                           AEOS certificates.

                        
                        

                     
                     

                  
                  
                  
                  AEO status holders also benefit from improved
                     relations with customs and other government authorities and other similar general
                     benefits. Furthermore, the EU has entered into mutual recognition agreements with
                     Australia, Canada, Israel, Japan, New Zealand, Switzerland, and the U.S. (at the time
                     of
                     this writing), meaning that each country recognizes that the other’s similar program
                     is
                     well founded and duplication of security and compliance controls is not
                     needed.

                  
                  
               
               
               
               
                  
                  C-TPAT (U.S.)

                  
                  
                  
                  C-TPAT is a joint government-business endeavor for
                     imports (not exports) to increase the security of supply chains and U.S. borders.
                     Initiated by U.S. Customs, C-TPAT is based upon the idea that achieving the highest
                     levels
                     of security requires cooperation between the U.S. government and supply chain participants
                     such as importers, carriers, brokers, warehouse operators, and manufacturers. U.S.
                     Customs
                     has used C-TPAT to establish mutual recognition security arrangements with New Zealand,
                     Canada, Jordan, Japan, Korea, the EU, Taiwan, Israel, Mexico, Singapore, the Dominican
                     Republic, and Peru (at the time of this writing).

                  
                  
                  
                  After voluntarily filling out a security profile questionnaire, the participant agrees
                     to
                     get security controls up to C-TPAT standards and then continually improve them in
                     the
                     areas of procedural security, physical security, personnel security, education and
                     training, access controls, manifest procedures, and conveyance security. In exchange
                     for
                     these business investments, C-TPAT usually provides participants with fewer inspections
                     and less border time (legal language states that these are not guaranteed), plus access
                     to
                     an account manager, monthly or bimonthly payment accounts, and a C-TPAT–certified
                     providers list (for suppliers).

                  
                  
                  
                  Noncompliant
                     C-TPAT participants may have their benefits suspended or the participation canceled.
                     Otherwise, C-TPAT creates no new liabilities beyond existing trade laws and
                     regulations.

                  
                  
               
               

            
            
         
         
   
      
         
         
         
         Topic 3: Business
            Continuity Planning

         
         
         
         
            
            
            
               
               
               Business continuity
               planning is crucial to reducing operational risk, and logistics
               plays a major part in this planning process.

            
            

         
         
         
         
         
            
            
            Business Continuity
               Planning Road Map

            
            
            
            
            
               
               
               
               
               Business continuity is an
                  important element of operational risk reduction. It focuses on ensuring
                  that critical business functions will be available to customers,
                  suppliers, and other supply chain stakeholders. The ASCM Supply Chain Dictionary defines
                  the following key terms:

               
               
               
               
                  
                  
                     
                     Business continuity planning
                     : Plans to ensure that an organization
                     is capable of continuing to deliver products or services at acceptable
                     predefined levels following a disruptive incident. The plans are
                     developed by identifying potential threats to an organization and
                     the impacts on business operations those threats might cause. These
                     plans provide a framework for building organizational resilience
                     with the capability of an effective response to safeguard the interests
                     of its key stakeholders, reputation, brand, and value-creating activities.

                  
                  
                     
                     
                     Business
                        continuity management system (BCMS)
                     : Part of the overall management
                     system that establishes, implements, operates, monitors, reviews,
                     maintains, and improves an organization’s capability of delivering
                     products or services at acceptable predefined levels following a
                     disruptive incident. It is based upon identifying potential threats to
                     an organization and the impact on business operations from those
                     threats. The system provides a framework for building organizational
                     resilience with the capability of an effective response that
                     safeguards the interests of its key stakeholders, reputation, brand,
                     and value-creating activities.

                  

               
               
               
               
                  
                  
                  
                  
                  A relevant standard for
                  business continuity management systems is ISO
                     22301
                  , defined in the Dictionary as

               
               
               
               
                  
                  an
                     international standard that specifies requirements for setting up
                     and managing an effective business continuity management system.

                  

               
               
               
               Business continuity planning
                  involves designating specific individuals to take on specific roles
                  during an emergency, such as one person who is designated to contact persons
                  on a list to give them further instructions. However, plans should
                  be disseminated and practiced in advance so that if communications
                  are disrupted, the organization’s contingency team members can work
                  without needing further instruction.

               
               
               
               Contingency plans should
                  include step-by-step instructions and plans that indicate priorities
                  for restoring services, such as getting communications back online
                  first, followed by vital information systems and key production
                  processes.

               
               
               
               A company should also have
                  a designated spokesperson to work with the press so that a consistent
                  message is delivered and the organization is not placed at further
                  risk by an employee’s well-meaning but poorly chosen words.

               
               
               
               The organization should
                  obtain business continuity insurance in addition to any asset loss
                  insurance. It should carefully review what situations are and are
                  not covered and get umbrella policies to cover gaps.

               
               
               
               Finally, business continuity
                  planning needs to have executive support and a champion to launch
                  and maintain the initiative.

               
               

            
            
         
         
         
         
            
            
            Logistics’ Role in Business Continuity

            
            
            
            
            
               
               
               
               
               
                  Logistics functions are
                  clearly a vital aspect of organizational operations, and their nature
                  makes them a vulnerable area for disruption. For example, Hurricane
                  Katrina in 2005 resulted in closings of Gulf of Mexico ports, and
                  the backlog of traffic took months to clear. Even worse are terrorist
                  attacks, since the government reaction is more involved. When all
                  air traffic was halted for three days after September 11, 2001,
                  it took a whole day to reposition aircraft and weeks to clear air
                  backlogs.

               
               
               
               Specific supply chain managers
                  or logistics personnel need to be in charge of logistics function
                  continuity and their parts of the continuity plan, which might sometimes
                  be called a logistics, transportation, and distribution (LTD) continuity
                  plan or something similar.

               
               
               
               While safety stocks can
                  provide some amount of buffer for logistics disruptions, they are
                  themselves vulnerable to damage. An extensive disruption would wipe
                  out safety stocks quickly. Therefore, logistics needs to have other
                  parts to its plan than just safety stocks and shipping from alternate
                  warehouses. One way to ensure continuity of supply is to maintain
                  a plan for emergency replacement of a supplier. This might include
                  pre-cleared vendors, vendors who are under contingency contracts
                  to supply capacity, and an expedited approval process. Maintaining
                  capability to make some parts in house is another way to handle
                  some supply risk. The organization might also develop relationships
                  with 3PLs to provide backup logistics services.

               
               
               
               In addition to restoring
                  physical inventory and assets after a disruption, organizations need
                  a robust plan for restoring logistics information systems. This
                  may involve having regular system backups with off-site storage
                  of backup copies (to reduce risks from fire or natural disasters).
                  In other cases, organizations maintain their IT applications and
                  data in a third-party cloud solution. These organizations need to ensure
                  that their service provider has backup recovery plans in the event
                  that their systems experience disruption. The IT backup and recovery
                  part of the restoration plan also needs to be tested.

               
               

            
            
         
         
   
      
         
         
         
         Topic 4: Insurance

         
         
         
         
            
            
            Insurance is a complex subject, with multiple types and coverages that
               may or may not apply in different circumstances. Organizations must select the right
               coverages to protect against loss.

            
            

         
         
         
         
         
            
            
            Insurance Basics

            
            
            
            
            
               
               
               
               
               
                  Insurance can be complex. Proper expertise is needed to
                  obtain the right amount and types of insurance, with the right clauses, for property,
                  cargo,
                  assets, liabilities, personnel, and operations.

               
               
               
               The amount obtained needs to be measured against risk
                  levels using tools such as expected monetary value to make sure that the investment
                  in
                  insurance is neither too little nor too much. Too much means that you are spending
                  more
                  money on insurance than the risk-adjusted cost of the issue warrants. Of course, having
                  too
                  little insurance means that the organization may be accepting some risk inadvertently.

               
               
               
               Moreover, having insurance does not insulate the
                  organization from many administrative costs, such as the cost of making freight claims
                  and
                  seeing them through to their conclusion. Getting payment is not guaranteed, and there
                  can be
                  lengthy delays where the organization has to bear this cost. Getting settlement can
                  be
                  especially difficult when working with international carriers or organizations.

               
               
               
               There are two major ways to insure against loss along with
                  a hybrid of the methods:

               
               
               
               
                  
                  
                  	
                     
                     
                     The main method of insurance is
                        risk transfer, or the transfer of risk to a third party, usually an insurance
                        company.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The other main method is called
                        self-insurance, and this is a risk retention strategy that requires setting aside
                        a
                        large amount of money in a fund. It is sometimes used by very large importers who
                        ship
                        low-value goods and can absorb a certain amount of loss.

                     
                     

                  
                  
                  
                  	
                     
                     
                     A mixed approach does a bit of
                        both, such as by setting high deductibles.

                     
                     

                  
                  

               
               
               
               International insurance is even more complex than its
                  domestic counterpart, but logistics professionals are often responsible for obtaining
                  it for
                  cargo. Since cargo insurance is such a large part of logistics, this is addressed
                  in more
                  detail. An overview of other types of insurance follows the discussion of cargo
                  insurance.

               
               

            
            
         
         
         
         
            
            
            Cargo Insurance

            
            
            
            
            
               
               
               
               
               
                  
                  
                  
                  
                  
                  Domestic terms or Incoterms® trade terms assign responsibilities for insuring
                  freight. For example, the Incoterm 2010 CIF (Cost, Insurance and Freight) specifies
                  that the
                  seller pays main carriage and insurance, which takes the form of a transferrable marine
                  insurance policy. However, logistics professionals on the buyer’s end need to know
                  that
                  Incoterms® trade terms specify only the most basic
                  coverage available (this is likely also true for domestic trade terms but may depend
                  on the
                  country), which may be inadequate for many types of goods.

               
               
               
               Similarly, carriers typically offer only basic coverage
                  that has low liability limits. Carriers are exempt from liability in many situations,
                  and it
                  is important to learn what these exceptions are despite their complexity. For example,
                  air
                  carriers have minimal liability (about US$28.50 per kilogram), and the carrier can
                  be exempt
                  from this liability if there is defective packaging, acts of war, or a number of other
                  reasons. Similarly, the U.S. Carriage of Goods by Sea Act limits an ocean carrier’s
                  liability to US$500 per customary shipping unit, but they will not be held to this
                  liability
                  for many specific types of force majeure such as fire or perils of the sea. Furthermore,
                  the
                  burden of proof is on the importer or exporter.

               
               
               
               For these reasons, it may be necessary to separately
                  negotiate the purchase of additional insurance that both parties agree is acceptable
                  or to
                  get additional insurance on top of what the other parties obtain.

               
               
               
               Note also that while damage is a real concern for
                  transportation, theft of containers is the most prevalent type of claim. Theft risks
                  are
                  higher before and during a journey than at the destination port for the most part.
                  They
                  include opportunistic (unplanned) theft, theft by organized crime, and insider theft.
                  Theft
                  by insiders typically involves altering records or paperwork.

               
               
               
               Damage to containers can occur due to storms, the effects
                  of the high seas (the heave, pitch, roll, surge, sway, and yaw movements a ship makes
                  can
                  buckle containers or cause stacks to collapse), fires, sinking, being stranded, or
                  being
                  jettisoned. Losses on ocean voyages that are sustained by all cargo owners in general
                  are
                  called general average losses, and all cargo owners share in the loss equally even
                  if only
                  some cargo is destroyed or jettisoned. Losses that happen to just a particular cargo
                  owner
                  are called particular average losses. These losses fall exclusively to the cargo owner
                  or
                  its insurance.

               
               

            
            
         
         
         
         
            
            
            Other Types of Insurance

            
            
            
            
            
               
               
               
               
               
                  
                  Exhibit 2-15 provides an overview of
                  other types of insurance that may apply to logistics operations.

               
               
               
               
                  
                  
                  

                  
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 2-15: Types of Insurance for Logistics
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Type of
                                    Insurance

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Description

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Commercial property
                                    insurance

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Facility must
                                          be damaged or inaccessible or have had an extended utility outage for a
                                          claim.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Coverage
                                          usually allows losses only from disruptions at first-tier
                                          suppliers.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Ensure coverage
                                          for all types of losses with a high enough risk rating.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Be sure it
                                          includes business interruption insurance.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Business
                                    interruption insurance

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Usually part of
                                          first-party commercial property insurance.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Conditions for
                                          claim: Damage is sufficient to shut down all operations, type of damage must
                                          be covered (e.g., flooding), and damage totally or partially stops employees
                                          or customers from entry.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Has a mandatory
                                          waiting period to start and is limited in duration to about a year at
                                          most.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Pays salaries,
                                          relocation expenses, and lost net income.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Contingent business
                                    interruption insurance

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Also called
                                          dependent property insurance (controlled by suppliers/customers).

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Insured
                                          customer or supplier losses provide you with reimbursement for lost profits
                                          or other transferred risks.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Trade disruption
                                    insurance

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Insurance for
                                          trade disruptions not involving physical asset damage.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Addresses
                                          property, marine, and political risk unrelated to your or your supplier’s
                                          assets.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Addresses
                                          nondelivery, project cancellations, government appropriations, and so
                                          on.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Fills gaps in
                                          above types of coverage.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Global logistics
                                    insurance

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Addresses
                                          numerous areas where third parties are handling your cargo.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Many kinds
                                          exist, e.g., customs bonds (fee guarantees), bailee (holders of others’
                                          cargo), consolidator liability (using bills of lading and cargo receipts),
                                          foreign port operator insurance, ship hull insurance, and truck
                                          liability.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Cyber
                                    insurance

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Protects from
                                          disruptions caused by IT failures and cybercrime.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       New type of
                                          insurance but a growing necessity.
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