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ABSTRACT 

 

 

Businesses, including agricultural businesses, must continuously adapt and improve their 

performance in order to survive. The performance of the business as well as the 

performance of the supply chain that it operates in, is measured with the view to enable 

decision makers to manage the supply chain. Managerial decisions relies on knowledge 

of the properties of the supply chain, measuring specific indicators that report on the 

supply chain health, and knowledge of the resulting effect of interventions into the supply 

chain. This study reviews the general properties of supply chains and lists the unique 

properties of agricultural supply chains that differentiate them from commercial supply 

chains. The South African sugarcane transport system is reviewed and specific properties 

are identified. 

 

The study identifies external environmental factors that govern supply chain performance 

measurement and list supply chain philosophies and strategies. An overview of what 

supply chain management entails is followed by a discussion of typical supply chain 

management properties.  An introduction to supply chain performance management 

systems and its limitations is provided.  Supply chain metrics are defined and the 

properties of good performance management systems and metrics are summarised.  A 

framework for evaluating the appropriateness of different transport metrics for measuring 

supply chain properties is proposed. 

 

The study ends with a summary of the steps required for the development of a 

performance management system.  A project proposal, objectives and timeline is 

provided.    
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Increased competition and complexity require businesses, including agricultural businesses, 

to continuously adapt and improve performance to survive. Understanding the business 

relationships and linkages, called the supply chain, leads to knowledge of problem causes as 

well as predicting effects of different intervening actions. This coordination of effort is known 

as supply chain management.  Supply chain performance management systems use indicators 

or metrics to indicate possible areas and ways for improvement.  

 

To consider this method to improve the South African sugarcane transport sector prerequisite 

knowledge about typical supply chain properties, as well as unique properties influencing 

agricultural supply chains and South African sugarcane transport is required. In addition to 

knowledge about the key aspects of the transport sector, a thorough understanding of what 

supply chain management entails and how supply chain performance management systems 

work is required before appropriate methods and tools to measure and improve can be 

selected.     

 

Currently the South African sugarcane supply chain is financially strained with the transport 

component the second largest expense to producers.  There is a need to take a holistic view of 

the total supply chain for improvement, as fragmented cost reduction techniques are presently 

employed for transport improvement. It is hypothesised that performance measurement and 

metrics used in supply chain performance management systems can be applied for 

improvement in South African sugarcane transport. 

 

The aim of this literature review is to determine the properties of good performance 

management systems and good metrics for supply chain performance improvement.  This 

knowledge will then be transposed to the South African sugarcane transport systems for 

performance measurement and management for improvement.  

 

1. INTRODUCTION
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Increased competition and complexity require businesses to adapt and improve continuously 

in order to survive (Chan and Oi, 2003). A predominant way to survive is to match supply 

and demand through understanding the working of the supply chain (Aitken et al., 2002). A 

supply chain connects multiple interdependent organizations to work mutually and co-

operatively together with seamless synchronisation (Holweg et al., 2005) to reach an ideal 

state of seamless supply chains (Towill, 1997) where members functionally coordinate as an 

extended enterprise (Chan and Oi, 2003). The aim is to manage the interaction of the (i) flow 

of materials, (ii) services, (iii) finances, (iv) manpower and/or (v) information from suppliers 

to end users to produce value in the form of products and services delivered (Forrester, 1958; 

Christopher and Towill, 2001; Mentzer et al., 2001; Christopher, 2005).  

 

The determination of areas for improvement in a supply chain is preceded by an 

understanding of the network properties which includes the marketplace, customers, network 

collaboration, inter-linkages, outsourcing and the management of logistics (Gunasekaran et 

al., 2001; Mentzer et al., 2001; Agarwal and Shanker, 2002; Aitken et al., 2002). Different 

supply chain properties provide insight into the cause of specific deficiencies, its effects on 

supply chain sub-sections and the knock-on effects on the total supply chain. These properties 

lead to the identification of key performance aspects to measure, the type of indicators 

required, and support the identification of appropriate interventions to consider for a desired 

change to the supply chain (Neely et al., 1997).  

 

2.1 Properties of Supply Chains   

 

A supply chain property is some unique characteristic or attribute that differentiate it from 

other business entities and support the SC quest to match supply and demand(Aitken et al., 

2002). Knowledge of these properties facilitates supply chain management through an 

understanding of the cause and effect of different interventions on the total supply chain 

performance. 

 

 

2. REVIEW OF SUPPLY CHAINS
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The following terminology for supply chains (SC) and their components are widely used:  

• operations/actions are referred to as processes (Coyle et al., 2003; Waters, 2003),  

• parallel activities spanning most of the width of the chain are known as activity 

streams or channels, eg. marketing and logistics channels (Waters, 2003),  

• value chain is for a focused approach to aspects like business links, information flow 

or human interactions resulting in an increase in product value or attributes  (Wamock 

et al., 1990; Towill et al., 2000),  

• demand chain is when the supply chain experiences pull from customer demand 

(Mentzer et al., 2001; Waters, 2003), and 

• supply network or supply web is when supply chains meet different customer needs 

resulting in complex material flows and complex management requirements (Waters, 

2003), or when referring to multiple supply chains competing against each other 

(Aitken et al., 2002). 

 

Although supply chains tend be complex and are rarely under the control of a single manager 

or managing unit, they exhibit some general properties (Meuller et al., 2007). A very basic 

supply chain consists of basic sequential activities called processes, namely: plan, source, 

manufacture, and deliver (Gunasekaran et al., 2001). In reality several parallel streams of 

processes happen simultaneously with sequential activities imbedded in each process stream 

that spans the width of the supply chain (Bezuidenhout and Baier, 2010) namely: 

• a value chain (product flows downstream, money upstream), 

• a material handling chain (flow downstream),  

• a collaboration chain (both directions), 

• an information and decision chain (both directions), and 

• an innovation chain (both directions). 

 

The sequential upstream and downstream processes link the collaborators so that their 

individual actions influence each other. Any such action, called a disturbance, cause knock-on 

effects, mainly downstream, that can hamper the total system effectiveness (Forrester, 1958).  

 

Uncertainty is inherent within many SC. It is system induced and a knock-on effect can be 

further magnified by a bullwhip effect (also called demand amplification) that results in 

worsening behavior observed downstream from the source of the disturbance (Mason-Jones et 
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al., 2000). Towill (1997) states this knock-on effect happens irrespective of which philosophy 

is used to view the SC. One way of reducing this system-induced uncertainty is through 

focusing primarily on smoothening material flow (Aitken et al., 2002). Another method to 

counter or lessen bullwhip effect is through information sharing. 

 

The success of supply chain collaboration relies on the intertwined, integrated relationships 

and depends “on the interactions between the flows and enrichment of information, materials, 

money, man power and capital equipment” (Mentzer et al., 2001). Forrester (1958) pioneered 

the concept of the integrated nature of organizational relationships. These relationships are 

typically long term and require considerable strategic coordination but are needed for 

successful supply chain performance (Mentzer et al., 2001; Aitken et al., 2002). 

 

Supply chains can also be viewed as economic, but flexible links between stakeholders inside 

the chain as well as between collaborating chains (Mentzer et al., 2001; Meuller et al., 2007). 

Individual companies do not compete, but supply chains compete with each other (Aitken et 

al., 2002).  Some supply chains use a push principle to manufacture and force (push) the 

product into the market. Other supply chains react on a request for their product on demand 

from the market. These demand chains use the so called pull strategy (Aitken et al., 2002). 

 

Supply chains strive to match supply and demand, but the unpredictability of supply and 

demand requires a strategy to manage the imbalances. The most well known strategies are  

lean, agile and leagile (Aitken et al., 2002). The lean approach focuses on doing more with 

less through the reduction and possible elimination of waste (including time), also known as 

muda. This usually applies to a relative stable supply network with high volume, predictable 

demand (e.g. sugar) and low variety, but it is not a universal recipe for success (Agarwal and 

Shanker, 2002). The generally lower stock and resource levels may limit product availability 

when required by demand turbulence in the market (Coyle et al., 2003). This constitutes a 

higher risk to a lean supply chain. Higher stock and resources levels may conversely be 

essential in agile supply chains to enable them to fulfill market demands quicker than the 

competition (Ohno, 1988; Mason-Jones et al., 2000; Aitken et al., 2002).   

 

Agility is being nimble and ready to exploit market demand. Agile supply chains retain 

competitive advantage through quick responses to volatile and varying market demand 
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requiring flexibility in products and delivery. Visibility of demand is required (Christopher, 

2000; Aitken et al., 2002).  

 

The term leagile is used when the market requires contradictory attributes like high variety at 

low cost. It uses a decoupling point where the supply chain responds to a volatile demand 

downstream, but requires even scheduling upstream. This point where order driven and 

forecast driven activities meet, normally coincides with a main stocking point in the supply 

chain (Naylor et al., 1999; Mason-Jones et al., 2000).  Lean and agile supply chains may 

require different performance indicators (Christopher and Towill, 2001).   

 

The SA sugar industry exhibits both lean and agile properties. The upstream sugar supply 

chain demands agile attributes due to production variability, multiple decision makers and 

product deterioration.  However, downstream demands lean principles (Bezuidenhout, 2008). 

 

When determining supply chain performance the traditional practice to optimize and increase 

the efficiency of discrete sections, called processes, of the SC where each section pursues its 

goals independently does not necessarily improve total supply chain performance (Lee and 

Billington, 1992). Supply chain performance can also be measured through determining a 

minimum standard of performance for entry into the market place, using the term market 

qualifier. To be successful, a SC must not only exceed these minimum entry standards, but 

must be highly competitive and continuously improve on the next level of standards, known 

as market winner standards (Mason-Jones et al., 2000).   

 

2.2 Properties of Agricultural Supply Chains 

 

Agriculturally orientated supply chains deal mostly with raw agricultural produce that 

deteriorates after harvesting. They are also referred to as agri-chains (Gigler et al., 2002) and 

agro-chains (Stutterheim, 2006). Agricultural supply chains exhibit a wide gap between actual 

and potential supply chain performance mainly due to the complexity of managing the 

extreme variability of agricultural related factors like climate, pests, diseases and costs 

(Beamon, 1999; Archer et al., 2006). In addition to the natural biophysical factors, social 

attitudes among producers through lack of trust of downstream suppliers and the tradition of 



 

 6

independence can limit partnerships, integration and holistic supply chain management 

(Archer et al., 2006).   

 

The unique properties differentiating agricultural supply chains from other general supply 

chains are as follows: 

• Competitive strategy: agricultural commodities mainly compete on cost by providing 

low value end products and generally do not use sophisticated strategies like product 

differentiation for raw produce (Archer et al., 2006). 

• Structure and culture: agricultural chains have a pyramidal structure with many 

independent players where social attitudes can limit partnership building, integration 

and control across the total supply chain. Privately owned farms are serviced by 

contracted harvesters and a small number of processing facilities versus the more 

linear shape of most other supply chains (Archer et al., 2006).  

• Biophysical effects upon uncertainty: the high variability of external biophysical 

effects like climate, product deterioration, pests and diseases impact on quality, 

volume and availability (Beamon, 1999; Bezuidenhout, 2008). 

• Increased bullwhip effect (amplification or whiplash): the worsening behavior 

observed downstream from the source of a disturbance in the supply chain is more 

prominent in agriculture. This is due to unpredictable demand patterns known as 

demand visibility (Lee and Billington, 1992), the lag between planting and eventual 

harvest pricing, and to the biophysical deterioration (Beamon, 1999). Amplification 

could be the result of either a “systems effect” due to the construction of the supply 

chain, or a synchronization deficiency (Towill, 1996).  

• The specific limited growing and harvesting seasons of agricultural produce cause 

sections of the supply chains to be effectively inactive for parts of the year 

(Bezuidenhout, 2010). 

 

2.3 South African Sugarcane Logistics and Transport  

 

The term transport refers to the function responsible for the physical movement of produce or 

flow of materials through a supply chain.  It does not capture the full extend of the range of 

related activities like the storage of products on their journey (Waters, 2003), and 

infrastructure design and vehicle scheduling (Stutterheim, 2006).  These aspects play a major 
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role in cost, road network layout and zone positioning.  Inclusion of these additional aspects 

give rise to the term logistics, which is defined as the integrating function spanning the 

managerial levels of strategic, operating and tactical levels and is: “…that part of supply 

chain management that plans, implements, and control the efficient, effective forward and 

reverse flow and storage of goods, services and related information between the point of 

origin and the point of consumption ...” (Taylor, 2008).  In summary: logistics management 

covers all the aspects of planning, moving and storing produce with related measuring and 

flow of information for tracking, informed decision making and cost control. 

 

The different sugarcane supply chain processes from sugarcane harvesting to crushing at the 

mill are depicted in Figure 2.1 with the transport related activities circled in red. Transport 

starts in field through both loading and unloading and continues on road from the grower’s 

farm to terminate at mill offloading (Barnes et al., 2000). Irrespective of the particular farm 

process followed transport constitutes a major component of each system. 

 

 

Figure 2.1: A typical sugarcane harvest and delivery supply chain (from Barnes et al., 2000) 

 

Le Gal et al. (2008) states that of the three major sugar supply chain components, namely: 

growing, transport and milling, the transport component is most critical from a financial view.  
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Internationally sugarcane transport costs range from 20% to 25% of total production costs 

(Higgens and Muchow, 2003; Milan et al., 2006), which is similar to the South African 

estimated figure of 25% of production costs (Giles et al., 2007). After farm labour costs, this 

constitutes the second largest production expense for the South African Sugarcane Industry 

(Giles et al., 2005). Thus, transport and its related issues represent one of the biggest possible 

single improvement components in the SA sugarcane supply chain (Lyne, 2008). 

 

The sugarcane supply chain is a logistics-sensitive system (Gunasekaran et al., 2001), not 

only because transport constitutes a large part of the cost and processes, but many interlinked 

variables cause complexity due to its highly integrated nature and the impact of the quantity 

and quality of the cane delivered on the total sugar produced (Gunasekaran et al., 2001; 

Higgens et al., 2004; Stutterheim et al., 2006). System inefficiencies result mainly from an 

inability to manage this complex system (Chan and Oi, 2003; Stutterheim, 2006). The unique 

sugarcane transport properties that govern decision making processes and the resultant effects 

of interventions on the sugarcane supply chain are listed in Table 2.1.   

 

Table 2.1: Properties of the South African sugarcane transport system (expanded from 

Bezuidenhout, 2010) 

Properties Description 

Multi-agent with no central 

control 

No central control or decision making for the section as a 

whole. Many transport contractors and private transporters 

operate on a survival of the fittest mode 

Risk unpredictability Weather and growing condition variety cause inconsistencies 

in the availability, product volume, density and quality   

Supply can demand variations Mills demand constant volume (and quality), but supply 

varies due to many uncontrollable biophysical factors  

Perishable product Quality deteriorates immediately after harvesting causing 

time limitations on transport and storage 

Low density infrastructure 

and communication 

No central or uniform communication channel exist and 

harvesting schedules causes widespread equipment 

distribution 

Low skills and education 

levels 

Transport systems use many low skilled operators untrained 

to make appropriate transport related decisions   

Low value products  

 

Very little value addition to raw product through transport, 

value reduction due to deterioration, time and handling 

Utilisation of equipment Sections are operational only part of the year, capital outlay 

is not utilized constantly. Efficient utilization in active parts 

of the year is problematic leading to overcapitalization on 

equipment as well as labour   
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2.4 Sugarcane Logistics Modeling  

 

A need to understand integrated agricultural supply chains, driven by world market 

competitiveness, has resulted in an increase in modeling and simulation of sugarcane supply 

chains.  Simulation provides insight into the behavior of a SC in terms of cost, benefits, SC 

configurations, performance, etc with different possible SC interventions. All simulations 

require a sensitivity analysis or a what-if analysis. A variant known as Strategic Game 

simulation provides qualitative insight and can demonstrate the bullwhip effect on profits 

(Kleinjen and Smits, 2003). Simulation helps determine specific supply chain properties and 

interrelationships of the sequence and magnitude of knock-on effects of specific interventions 

(Towill et al., 2000). Simulation models generally address the three major sugar supply chain 

components (Le Gal et al., 2003; Stutterheim, 2006), namely: 

• crop growth – stand alone models like CANESIM, CANEGRO, IRRICANE  

(McGlinchey, 1999; Bezuidenhout, 2001; Bezuidenhout and Singels, 2003), 

• harvest and transport – models normally integrate these two due to the level of 

interaction and interdependency between them.  These simulation models, 

summarized below, are mostly utilised for harvester and truck scheduling and cost 

reduction purposes, and 

• milling, the most frequently modeled  – standalone models like MPC, SUGARS 

SIMULINK (Peacock, 2002; Melrose, 2003). 

 

Although simulation strives to make optimization practical, it remains a major 

methodological and practical challenge (Kleinjen and Smits, 2003). Higgens and Davies 

(2005) states that optimization of the full harvest system with a model is an intractable task. 

Furthermore, integrating supply chain components increases the modelling complexity 

(Higgens and Muchow, 2003), and in order to reduce the complexity simplified processes are 

used (Stutterheim, 2006). This can lead to over-simplifications that reduces model reliability 

and applicability (Loubser, 2002). The term requisite simplicity is used to encapsulate the 

approach that the model must be complex enough to capture and explain behaviour 

realistically, but must still have enough simplicity to be utilized (Bezuidenhout, 2010).  

Although integrated modelling creates efficiency gains (Higgens et al., 2004), individual 

component based improvements limit the overall profitability of the total supply chain (Lee 

and Billington, 1992; Higgens and Muchow, 2003). 
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Most sugar related transport models strive to optimize utilization of capital. Optimization is 

rarely if ever encountered as all aspects required for the optimized state are not 

simultaneously or continuously aligned in practice (Le Gal et al., 2003). Robust, reliable 

simulations showing cause and effect dynamics are more important than the optimal solution 

to enable managerial decisions on interventions to be made (Kleinjen and Smits, 2003). In 

sugarcane, transport simulation knowledge of vehicle utilization enables the user to determine 

efficiency and ultimately over capitalization or underutilization of the transport systems 

which enable cost reduction opportunities to be identified (Higgens and Davies, 2005).  A 

brief summary of models which include sugarcane transport follows. 

 

Models which integrate the wider supply chain but include sugarcane transport as a 

component in order to decrease cost and increase net profits include the following: 

• Integrating existing models of harvesting, transport and milling to assess the effect 

of delivered sugar on factory output (Loubser, 2002).  

• Combining mill areas with similar climate and growth characteristics into production 

units and changing delivery allocation rules and the length of milling season to obtain 

maximum sucrose extraction. The MAGI model includes cane yield, harvest, transport 

capacity and the sucrose curve, but excludes differentiation between harvesting 

procedures (Le Gal et al., 2003). 

• Increasing technical efficiency for individual components including variety 

selection, farming practice, harvesting and transport. Key drivers and links within the 

SC reveal key activities and major managerial aspects. A financial module is used to 

estimate production cost reduction without impacting mill delivery rate (Higgens et 

al., 2004). 

• Use of a spreadsheet that covers production costs, agronomics, transport, raw sugar 

production, deterioration rates to determine the most economical practice (Wynne 

and Van Antwerpen, 2004). 

• Capacity utilisation estimation of each component, mill sugar recovery, sugarcane 

quality and production costs. The CAPCONN model considers the whole SC 

including transport and knock-on effects of capacity changes (Stutterheim et al., 

2006).  
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Models focusing on transport aim to decrease cost through the following actions: 

• reduction in burn-harvest-to-crush-delays (BHTCD) with the largest delay 

occurring with uncut burnt cane, followed by transloading delays (transport), and mill 

stockpiles (Barnes, 1998), 

• increased operation efficiency of fewer machinery. Inefficiencies result from an 

inability to plan and manage the complex system which invariably leads to over-

capitalisation (Arjona et al., 2001; Giles et al., 2005), 

• optimal planning of internode transfers, without drastic restructuring of logistic 

operations which showed significant possible savings (Ioannou, 2005), and 

• scheduling to obtain the least cost combination of daily harvest, transport units, routes 

and departure times (Giles et al., 2005; Milan et al., 2006). 

 
Simulation studies confirm that one of the main issues remains over-capitalization. 

Bezuidenhout (2008) cites more than 570 % mechanical harvesting capacity at Noodsberg 

Mill (Le Gal et al., 2008), 167 % transport overcapacity at Sezela (Giles et al., 2005) and 113 

% to 185 % over capacity from harvesting to exhaustion at Komati Mill (Stutterheim et al., 

2008). 

 



 

 12

 

Businesses responded to the demand from customers for product customization and quality 

improvement versus financial pressure (reduction of cost, shorter lead time and lower 

inventory) through developing a method known as Supply Chain Management (SCM) (Chan 

and Oi, 2003). Supply chain management aims to integrate business processes to synchronize 

supply and demand (Taylor, 2008), through interrelated linkages between processes and 

entities and long term joint relationships and to actively intervene to manage all collaborators 

within and across organizations to obtain competitive advantage that brings profitability to 

benefit the whole supply network {Mentzer, 2001 #7; Tan, 1999 #40; Cooper, 1997 #45; 

Chan, 2003 #24; Christopher, 2005 #11}.  

 

Supply chain management uses the principle of “if you can’t measure it, you can’t manage it” 

(Coyle et al., 2003) and as remarked by Lord Kelvin (1824-1907) “it is not possible to control 

a process without measuring it” (Towill, 1996).  Supply chain management relies on a variety 

of measured indicators as a “health check” to provide feedback on the performance of both 

the sub-components and the total supply chain.  The different performance measurement 

results are compared to predetermined standards/norms to identify key aspects requiring 

attention in order to improve the efficiency of the supply chain. Supply chain management 

uses interventions to “cure” unacceptable variances to control and continuously monitor the 

resulting “health status” of the system. Both measurement and control are required in order to 

improve (Towill, 1996; Neely et al., 1997). 

 

The use of measurement by SCM requires indicators, called metrics, to quantify both the (i) 

effectiveness and (ii) efficiency of an intervention  (Neely et al., 1997; Chan and Oi, 2003).  

The measurement should be carefully constructed to provide an objective verification of the 

result of applied improvement interventions (Ghalayini and Noble, 1996; De Toni and 

Tonchia, 2001; Chan and Oi, 2003).  This verification through feedback is necessary for all 

endeavours and provide understanding how interventions can produce improvement or 

worsening behaviour (Towill, 1996). 

 

Supply chains cannot remain static in terms of performance, but need to improve 

continuously in order to survive in the changing business environment (Aitken et al., 2002; 

Chan and Oi, 2003). The resulting broadening spectrum and ever increasing performance 

standards require new survival strategies for companies.  New strategies may require the 

3. REVIEW OF SUPPLY CHAIN PERFORMANCE METRICS 
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continued use of some existing core metrics, but also an update of some existing metrics as 

well as the development of new metrics (De Toni and Tonchia, 2001; Coyle et al., 2003; 

Bezuidenhout, 2010). 

 

3.1 Supply Chain Management 

 

The concept of SCM rests on older fundamental assumptions like channel research in the 

1960s, systems integration research in the 1960s, and the sharing of information and 

exchange of inventory information (Cooper et al., 1997; Waters, 2003).  The term global 

SCM denotes that globalization presents additional challenges like distance, reliability levels, 

cycle times and efficiency (Coyle et al., 2003). In addition SCM uses a total systems 

perspective (Morgan and Moncska, 1996) to support businesses to change from competing as 

autonomous entities (Chan and Oi, 2003) to competing as integrated supply chains against 

other supply chains (Lambert et al., 1998). 

 

3.1.1 Properties of Supply Chain Management  

 

Supply chain management exhibits several general properties that can either govern or pose a 

limit to the different possible interventions available, like the lowering of costs, improvement 

of customer service, low cost or differentiated service (Mentzer et al., 2001). The most 

general supply chain properties, namely relationships, responsiveness and flexibility, 

management, smooth material flow, and orientation are discussed below. 

 

Meuller et al. (2007) states that role players need to share a common perception of their 

positions in the supply chain and need to view their positions as one of collaboration in order 

to identify and manage the relationships required to collaborate within and between supply 

chains.  It is essential for the relationships to span all of the different activity streams in a 

supply chain (Meuller et al., 2007). SCM thus use closer or joint supplier relationships as a 

tool to enhance the value chain (Cooper et al., 1997; Mentzer et al., 2001). 

 

Responsiveness and flexibility is no longer a competitive advantage in the market, but a 

requirement to increase performance resulting in timeous delivery of defect free customized 

products at a specified quality (Mentzer et al., 2001; Holweg et al., 2005).  The required 
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market demand will govern whether a supply chain should be lean or agile. This was 

previously addressed in Chapter 2, Section 2.1. 

 

Supply chains are usually not managed centrally and the different inter- and intra-supply 

chain relationships result in an increase in managerial complexity. Supply chains exist 

whether they are managed or not (Mentzer et al., 2001; Chan and Oi, 2003). Some form of 

central coordination that leads to management, or at least information sharing, is necessary to 

pursue the concept of a harmonious seamless supply chain where all collaborators pursue the 

same end goal (Towill et al., 2000). Ashby’s law of requisite variety states that in order to 

achieve control “the variety in the control system must be larger or equal to the variety of the 

perturbations” (Ashby, 2009). The controller must have more response mechanisms available 

to use than the environment variability presents to keep the system stable. Fewer intervention 

tools than the system variability lead to an inability to rectify problems resulting in an 

uncontrollable system.  

 

Smooth well controlled material flow is one of the most crucial fundamentals for supply chain 

design and practice.  Good material flow control systems improve all important business 

metrics simultaneously, it thus forms one of the most significant areas for performance 

improvement (Towill, 1996; Towill et al., 2000). 

 

Mentzer et al. (2001) states that SCM tries to define two concepts into one term, i.e. systemic 

strategic implications and tactical activities in managing. Two items and related 

measurements are necessary: (i) Supply Chain Orientation (SCO) as a management 

philosophy, and (ii) Supply Chain Management (SCM) as the actions undertaken to realize 

that philosophy. Further details are supplied in Section 3.2.1 on philosophy. A SCO across 

several companies directly connected to the supply chain is required before SCM can be 

implemented. Any actions must be coordinated (strategic orientation) over the total supply 

chain (systemic orientation) in order to be effective (Mentzer et al., 2001). 

3.1.2 Supply Chain Management Strategies   

 

In order to understand SCM evolvement it is important to understand the changes in inherent 

dynamics and how SCM responded to it (Coyle et al., 2003). One of the main change drivers 

was an increase in understanding human behaviour and grouping segments of similar 
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behaviour together in order to respond appropriately to customer’s needs.  Other forces 

include informed customers with a low level of tolerance for poor quality products or services 

and changing demographics with less client loyalty and patience placing greater demands 

upon the supply chains serving them (Coyle et al., 2003). “The infrastructure of many 

businesses is based upon transportation, communications, energy and financial systems” and 

internationally all four have undergone substantial changes in the recent past, due to 

government deregulation (Coyle et al., 2003) and customer requirement changes (Waters, 

2003). The well known Porter’s basic strategies of cost, differentiation and focus had to be 

expanded to ensure survival (Porter, 1998; Coyle et al., 2003).  The resulting SCM strategies 

adopted by companies, namely: strategic coordination, quality management, development of 

integrated performance management systems (PMS), and joint relationship strategies, are 

summarised below. 

 

The simultaneous need to reduce costs and increase design flexibility, both on individual 

supply chain collaborators and the supply chain as a whole, resulted in the development of so 

called Performance Management Systems (PMS). These systems have been the core focus of 

most performance related research and forms the overall framework for any performance 

management issues. Tan et al. (1999) and Holweg et al. (2005) provide some examples of 

PMSs, namely: 

• benchmarking, 

• process control techniques , 

• training, 

• involvement programs,  

• Vendor Management Inventory (VMI), 

• Efficient Customer response (ECR), 

• Collaborative Forecasting Planning and Replenishment (CPFR), and 

• Continuous Replenishment (CR). 

 

Strategic coordination is required to synchronise the supply and demand activities, eliminate 

raw material stock and minimise work in progress.  Tan et al. (1999) provide some examples 

of performance management systems (PMS) that support this strategy, namely: 

• Just-In-Time (JIT) systems, 

• Central Coordination Systems (CCS), 
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• Material Requirement Planning (MRP), and 

• Enterprise Resources Planning (ERP) for timely free flow of information (Waters, 

2003). 

 

Another strategy addressing quality changed from the old notion of using sampling and 

rejection as control measures, to pro-actively establish preventative systems to avoid the 

manufacturing of out of specification products. The responsibility for quality changed from 

the function of the floor foremen to be included into the senior management leadership 

responsibilities (Benson et al., 1991). This prominent focus on quality gave rise to different 

performance management systems that include:  

• Total Quality Management (TQM) (Tan et al., 1999), a systems management 

methodology for self improvement that starts with upper management and follows a 

top-down approach (Tan et al., 1999; Waters, 2003), 

• Quality Circles (QC), a people orientated approach to quality that empowers people to 

make recommendations to improve their activities (Raisinghani, 2005). Focus shifted 

from acceptance sampling as a control measure to not manufacturing defect products 

and sourcing material from more limited, but certified suppliers (Tan et al., 1999), and 

• a set of desired Quality Standards called ISO 9000/ QS9000, based on eight 

managerial principles to improve performance and higher quality output. They are (i) 

customer focus, (ii) leadership, (iii) employee involvement, (iv) process approach to 

activities and resources, (v) system approach to management, (vi) continuous 

improvement, (vii) strategic supplier, and (viii) customer partnerships (Raishangini et 

al., 2005). 

 

A strong focus on inter- and intra-supply chain relationship strengthening grew as a strategy 

from increased competition in the 1990s.  This resulted in companies aiming to unlock the 

potential benefits of strategic and cooperative buyer and supplier relationships (Tan et al., 

1999) through involvement in resources management decisions as well as opening up 

information flow and selective access to sensitive in-house information (Morgan and 

Moncska, 1996; Tan et al., 1999; Holweg et al., 2005). Another aspect to keep in mind is 

Social Network Analysis (SNA), a branch of sociology that has the potential to be used in 

SCM through providing an understanding of linkages between entities and individuals that is 

useful for planning and monitoring changes in network operations” (Meuller et al., 2007).   
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3.2 Supply Chain Performance Management 

 

Supply chain performance changed from focusing on the control of cost and productivity 

increases to non-cost customer related issues, like differentiation and customization (Johnson 

and Kaplan, 1987; De Toni and Tonchia, 2001). Traditionally, performance measurement 

systems (PMSs) used metrics to measure and control finances and production costs like return 

on investment (ROI), discounted cash flow (DCF), and productivity (De Toni and Tonchia, 

2001). The changed focus to non-cost customer orientation measures the creation of value 

(Rappaport, 1986). Value strategies use a predetermined base line benchmark with standards 

for comparison to regular or continuous measurements in order to support supply chain 

management for future improvement (Schemmer and Vollmann, 1994; Daniels and Burns, 

1997). Just the measurement of performance is already in itself a powerful tool to drive 

performance improvement (Chapman, 2003). 

 

Supply chain performance management approaches can be classified into three sequential 

stages: (i) a management philosophy, also referred to as supply chain orientation (SCO), (ii) 

implementation of a management philosophy, and (iii) a set of management processes 

(Mentzer et al., 2001), including measurement and feedback control (Towill, 1996).  These 

stages are discussed underneath in more depth. 

 

3.2.1 Supply Chain Performance Philosophies 

 

The market induced changes to SCM strategies influences the supply chain working, and also 

how the supply chain is viewed (philosophy) and what indicators (metrics) are required. The 

philosophy used to view the supply chain “predetermines the goals and metrics and 

accordingly the researcher should consciously select his perspective(s)” (philosophy) (Otto 

and Kotzab, 2003). The important governing role of the supply chain philosophy on  

performance management systems is confirmed by many authors like Christopher (2000), 

Christopher and Towill  (2001), Mentzer et al. (2001), and Agarwal and Shanker (2002).  

   

It is difficult to isolate the individual effects of SCM and PMS on the company financial 

statement. Bottom line and company performance improvement can happen in other ways as 

well. Otto & Kotzab (2003) promote a goal orientated philosophy to measure SCM 
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performance by tracing each discipline back to its theory to derive its effectiveness on 

performance improvement.  They then select appropriate metrics to ensure efficiency. 

Mentzer et al. (2001) confirms that “SCM is concerned with improving both efficiency … 

and effectiveness … in a strategic context .… to obtain competitive advantage that brings 

profitability”. 

 

The measurement of SC performance is heavily dependent on the philosophy, which is the 

perceived nature and characteristics of the supply chain. This philosophy permeates through 

all aspects of the supply chain, namely (i) system dynamics, (ii) operations research and 

information technology, (iii) logistics, (iv) marketing, (v) organization and (vi) strategy. 

Using the previously introduced concept of a market qualifier and market winner,  

Christopher and Towill (2001) confirms that the SC philosophy and diversity of 

interpretations and understanding of SCM govern the selection of different SC objectives and 

subsequently SC metrics. The four primary performance metrics, namely quality, cost, lead-

time and service level change in priority between agile and lean supply networks. Agarwal 

and Shanker (2002) identify three philosophies to evaluate supply chain performance, namely 

market sensitiveness (MS), information driven (ID) and process integration (PI) with widely 

differing metrics. Focusing on measuring only one supply chain collaborator (even with 

multiple measurements like the balanced scorecard), will provide only a single perspective on 

a complex network structure and will reduce the validity and reliability of the measurement 

results (Otto and Kotzab, 2003). 

 

In summary the supply chain philosophy governs in a cascading way the supply chain goals, 

performance management systems (organizational systems, networks, facilities), appropriate 

metrics (indicator that is measured), methods (how to measure) and tools (what instrument to 

use to measure) to use. It not only plays a major role in deciding on interventions but provides 

only a view of what is actually measured that excludes other important unmeasured aspcts  

(Otto and Kotzab, 2003). 

3.2.2 External Environmental Supply Chain Performance Drivers 

 
External environmental factors cause turbulence that instigates changes in how markets 

operate.  A supply chain performance driver is the underlying dynamic force that causes a 

market change with subsequent changes in how to measure performance. Knowledge of this 

type of market dynamics support the selection of an appropriate framework (performance 
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measurement system) and the application of correct measurements to identify effective 

managerial interventions in an effort to sustain profitability and improvement (Coyle et al., 

2003).  

 

A lack of understanding external environmental forces for change, the inability of many 

Performance Management Systems to pursue several performances simultaneously and the 

complexity in managing them has resulted in PMS not providing the potential benefits as 

initially expected (Ghalayini and Noble, 1996; Kleinjen and Smits, 2003).  Most performance 

management systems use multiple metrics, e.g. the balanced scorecard, but this can cause an 

increase in complexity and add to management requirements.  Kennerly and Neely (2003) 

reports that “whilst traditional financial accounting systems indicate the performance that 

results from the activities of an organization, they provide little indication of how that 

performance is achieved or how it can be improved”. Knowledge about the dynamic driving 

forces is a prerequisite to decision making on how to it can be improved.  

 

The dynamic forces of increased logistical demand on supply chains (Coyle et al., 2003), as 

discussed in Section 3.1.2, are depicted in Figure 3.1. The resulting adaptations in 

performance management systems and metrics over time (Rappaport, 1986; De Toni and 

Tonchia, 2001) as discussed in Section 3.2 are presented in Figure 3.1. The supply chain 

attributes that the different metrics had to measure over time are: production costs in the 

1960’s, manufacturing and inventory costs in the 1970’s, transportation costs in the 1980’s, 

distribution and logistics costs in the 1990’s and supply chain and customer service costs in 

the new millennium (Coyle et al., 2003). The cascading governing role of market dynamic 

forces on supply chain philosophy and the resultant measurement systems can be derived 

from Table 3.1 in Section 3.3.1 as well. The supply chains in the South African sugarcane 

industry are presently facing similar business environment changes and require adapted 

philosophical approaches in order to survive.  
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Figure 3.1: Dynamic driving forces of increased logistics performance demands (from Coyle 

et al., 2003)  

3.2.3 Supply Chain Performance Management Systems 

 

A performance measurement system (PMS) is the supporting framework that glues together 

the practical implementation of the SC philosophy in order to drive improvement. The 

framework should include evaluation, feedback loops, and control actions (Ghalayini and 

Noble, 1996). Performance management systems are moving away from the trade-off 

between performances to the handling of multiple performance measures simultaneously (De 

Toni and Tonchia, 2001). It is also moving away from cost driven approaches with 

productivity (and profit) as primary indicator because of: (i) market drivers, (ii) the lower 

relative contribution of labour to cost, and (iii) their conflict with efforts to improve 

flexibility, quality and reduce inventories (Ghalayini and Noble, 1996). 

 

Beamon (1999) argues that “one of the most difficult areas of performance measure selection 

is the development of performance measurement systems”. A generally applicable systematic 

approach to performance measurement has not been developed due to the (i) widely differing 

characteristics of supply chains (Beamon, 1999), (ii) lack of supply chain metrics (Lee and 

Billington, 1992), (iii) lack of insight to develop and implement effective PMSs, and (iv) the 

constantly varying and complex relationships within a supply chain (Lambert et al., 1998; 

Gunasekaran et al., 2001; Agarwal and Shanker, 2002; Chan and Oi, 2003). 
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Performance management systems do not receive adequate attention in supply chain 

management (Beamon, 1999; Gunasekaran et al., 2001) due to the absence of integration with 

the company strategy and decision making, confusion between financial and non-financial 

matters, uncertainty on how to construct an appropriate PMS, and operational constraints 

(Ghalayini and Noble, 1996; Gunasekaran et al., 2001; Chan and Oi, 2003). 

 

The lack of viewing the supply chain as a holistic entity invariably leads to local optimization 

that results in the poor performance of the total supply chain (Lee and Billington, 1992; Chan 

and Oi, 2003), amplified by collaboration practices that fails “to create a transparent, visible, 

demand pattern that paces the entire supply chain” (Holweg et al., 2005) 

 

Failure to understand the difference between financial and non-financial measures in a 

balanced framework clouds a clear picture of real organizational performance and 

deficiencies (Gunasekaran et al., 2001; Chan and Oi, 2003). There is a tendency to try and to 

quantify performance improvements mainly in financial terms, but low cost is not longer the 

most distinguishing factor for competing in the market, and profit does not necessarily mean 

that a company is efficient (Ghalayini and Noble, 1996). Although financial performance 

measurements are important for strategic decisions and external reporting, day-to day control 

of manufacturing and distribution operations is better handled with non-financial measures 

(Maskell, 1991), cited by (Gunasekaran et al., 2001). Furthermore financial accounting 

systems provide results of company performance, but fails to indicate how that performance 

was achieved (Kennerley and Neely, 2003). 

 

Confusion of the dynamic forces and real issues to construct a good performance 

management system leads to the lack of a clear distinction between metrics at strategic, 

tactical, and operational levels (Gunasekaran et al., 2001). Companies lack the insight to 

develop effective performance measures, appropriate metrics and integrated PMSs 

(Gunasekaran et al., 2001), and use accounting systems populated with historical information 

that does not support day-to-day operational decisions (Ghalayini and Noble, 1996).  

Performance standards use single snapshots of performance for a set type of evaluation.  This 

is not in agreement with the continuous improvement concept where the baseline, 

benchmarks and evaluation may change over time (Ghalayini and Noble, 1996). 

Operational constraints like inflexibility and non-customised predetermined formats do not 

take the departmental characteristics, altered customer requirements or new management 
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techniques into account (Ghalayini and Noble, 1996). Productivity performance measures can 

be too costly or time consuming to obtain reliable measurements, or even “misdirected, 

irrelevant, or too complex to be understood and effective in motivating performance” 

(Armitage and Atkinson, 1990) cited by (Ghalayini and Noble, 1996).  Use of the wrong 

measure, called a false alarm, results in misdirected and wasted interventions, and failure to 

use the right measure, called a gap, neglects a significant aspect that may be vital to the 

company’s survival. Companies do not evaluate their PMSs for false alarms and gap 

deficiencies (Schemmer and Vollmann, 1994).  

 

There is a need for PMS and related metrics to overcome these limitations (Ghalayini and 

Noble, 1996). Beamon (1999) and Gunesekaran (2001) report the development of  different 

PMSs using shared critical supply chain properties to establish appropriate metrics. 

Gunaskaran et al. (2001) presented a PMS framework classified into strategic, tactical and 

operational levels of management with related performance metrics for each section and an 

explicit reference to financial versus non-financial attributes. They argue that high 

performance metrics should firstly target broader functional areas and only once strong and 

weak areas are identified other section specific detailed metrics should be employed.  

 

3.3 Supply Chain Performance Metrics 

 

For this seminar the term metric is applied to describe the indicator to measure the specific 

property of a supply chain. This section aims to provide the properties of good performance 

management metrics and relate them to transport. Gunesekaran et al. (2001) describe the aim 

of metrics as: “… to test and reveal the viability of strategies without which a clear direction 

for improvement and realization of goals would be highly difficult”.  Despite many different 

semantics to define a metric, all authors end up using it as an indicator to describe what 

strategic property to measure (Agarwal and Shanker, 2002; Kleinjen and Smits, 2003). Some 

authors expand the scope of the term to include the tool used for the measurement measure as 

well as the routine(s) or method(s) to apply the tool (Beamon, 1999; Gunasekaran et al., 

2001; Lai et al., 2002). 

 

The selection and development of appropriate performance metrics is critical, given the 

complexity in supply chains. It extends beyond the issue of context to include the specific 
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supply chain properties, philosophy, SCM approach, scope, role players and their supply 

chain intra- and inter-relationships synthesized into holistic framework or PMS. (Ghalayini 

and Noble, 1996; Beamon, 1999; De Toni and Tonchia, 2001; Gunasekaran et al., 2001; 

Mentzer et al., 2001; Agarwal and Shanker, 2002). All of the above relies on measurements 

and therefore need appropriate indicators, called metrics, in order to function.  

 

3.3.1 Properties of Good Performance Management Metrics  

 

Qualitative evaluations like good, fair, adequate and poor are vague and difficult to support 

meaningful decisions to analyze system performance. Quantitative performance measures are 

thus preferred and sometimes numerical measures are utilized because both historical and 

current data are available (Beamon, 1999). Quantification of all the available or chosen 

measures can also be difficult, not because of a shortage of metrics, but to understand which 

metrics are applicable (Waters, 2003) to address the specific properties of the supply chain 

under consideration (Beamon, 1999). 

 

The ten most common metrics found are (i) quality, (ii) lead time, (iii) order fulfillment, (iv) 

on-time delivery, (v) responsiveness to demand, (vi) technical support, (vii) warranty and 

service, (viii) consolidation of deliveries, (ix) payment terms, and (x) ordering systems 

(Beamon, 1999). Interestingly none contain an explicit reference to cost, but all ultimately 

affect cost. For a business that focuses upon end users the various available metrics can be 

aggregated under the following headings: service (support metric), quality, cost and lead time 

(operational process metrics) (Beamon, 1999; Naylor et al., 1999; Coyle et al., 2003). Table 

3.1 contains a summary of total value metric grouping where value = (quality * service) / (cost 

* lead time) with relevant metrics and identify possible transport related metrics in grey 

shadow. 
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Table 3.1: Categories of total value metrics (after Beamon, 1999; Naylor et al., 1999; Coyle 

et al., 2003; Waters, 2003)  

Quality related metrics: 

Overall Customer Satisfaction 

Meeting customer requirements 

Processing accuracy 

Minimum variances 

Perfect order fulfillment 

• On-time delivery & complete order 

• Accurate product selection 

• Damage free 

• Accurate invoice 

Forecast accuracy 

Planning accuracy 

Schedule adherence 

Elimination of waste 

Continuous improvement 

Support service related metrics: 

Approval exception to standard 

Minimum order quantity 

Change order timing 

Availability of information 

Customer support and satisfaction 

Product service 

Product support 

Flexibility to meet customer demands 

Flexibility to meet market changes 

Frequency of service 

Delivery errors(and its effect on customer 

and own company) 

 

Quality      *         Service 

Formula for Value         =            

                                                       Cost          *      Lead time 

 

Cost related metrics: 
Finished goods inventory turns 

Days sales outstanding 

Cost to design, engineer  

Cost to serve 

Cash to cash cycle time 

Total delivered cost: 

• Cost of goods 

• Distribution  and transportation costs 

• Inventory carrying costs 

• Material handling costs 

Other costs: 

• Information systems 

• Administrative 

• Cost of excess capacity 

Cost of overall shortfall 

Total travel time and distance 

Loss and damage 

Total mass moved 

Lead time related metrics 
Time to market 

• Concept to delivery 

• Order entry to delivery 

On-time delivery/receipt 

Order cycle time 

Order cycle time variability 

Response time to market forces 

Forecasting/planning 

Lead time, load and unloading time 

Materials 

Inventory 

Reliability of delivery 

 

In order to select appropriate metrics, the relevant PMS properties need to be known.  A good 

PMS and its supporting metrics should also reflect the specific unique requirements of the 

company (Neely et al., 1997). Table 3.2 lists properties of good metrics and Table 3.3 lists 

properties of good metrics PMS systems that impact the selection of appropriate metrics. 
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Table 3.2: Properties of good metrics  

Metric property Description 

 

Multidimensional Properly balanced between utilization, productivity and 

performance, and shows the trade-offs (Coyle et al., 2003) 

Measures only what is 

important 

Focuses on a relevant key performance aspects of real use to 

SCM (Coyle et al., 2003), based on quantities that can be used 

by the recipient (Neely et al., 1997) 

Universality  Allow comparison under various operating conditions (Beamon, 

1999) 

Measures trends Report trends rather than snapshots (Neely et al., 1997) 

Consistency Measures consistent with organization goals (Beamon, 1999), 

maintain significance over time (Neely et al., 1997) 

Objective, quantitative 

and measurable 

Data required must be measurable (Beamon, 1999), objective, 

not based on opinion, based on an  explicitly defined formula 

and source of data (Neely et al., 1997). Metric should be 

expressed as an objective value (Coyle et al., 2003), use ratios 

rather than absolute numbers (Neely et al., 1997)   

Compare to standards and 

ID variances 

Have set standards and compare to identify variances, use tools 

like benchmarking (Beamon, 1999)   

Focus on a specific 

purpose 

Have a specific purpose, focus on improvement rather than 

variance (Neely et al., 1997), should aid to identify improvement 

opportunities (Beamon, 1999) 

Ease of understanding Conveys information (Neely et al., 1997) at a glance of what is 

measured and how it is derived (Coyle et al., 2003), simple to 

understand, have visual impact, and is reported in a simple, 

consistent format (Neely et al., 1997) 

Interactive monitoring Change from a passive management enabler through databases 

to advanced processes to actively monitor each activity 

(Gunasekaran et al., 2001), collect data automatically where 

possible (Neely et al., 1997)   

Defined and mutually 

understood 

Clearly defined (Neely et al., 1997), agreed to by participants 

internally and externally (Coyle et al., 2003), be exact about 

what is measured (Neely et al., 1997)   

Encourages appropriate 

behaviour 

Balanced to reward productive behavior, discourage game 

playing (Coyle et al., 2003), focus on improvement (Neely et al., 

1997) 

Closed, fast management 

feedback loop 

Provide timely, accurate and continuous feedback to the correct 

decision makers (Neely et al., 1997; Kennerley and Neely, 2003)  

Uses economies of effort Benefits of the measure must outweigh the collection and 

analysis expense (Coyle et al., 2003), use data which are 

automatically collected as part of the process wherever possible 

(Neely et al., 1997) 

Facilitates trust Validates the participation among parties (Coyle et al., 2003) 
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Good metrics to support a PMS system should (i) be objective, clearly defined, balanced, and 

show trade-offs while focusing on improvement enhancing, (ii) consistently focus on key 

aspects of company philosophies, strategies and goals that is of real use to decision makers, 

(iii) be universal to show comparisons to standards under varying conditions, (iv) use 

variations to indicate trends rather than only reporting variances, (v) be agreed upon, 

measurable, objective, and transparent using ratios, showing data sources, how, and what 

formulae are used, (vi) be cost effective and use where possible recent automatically 

generated data, (vii) provide accurate, timely, useable feedback to correct decision makers on 

a continuous basis (viii) be visual, simple, understandable, useable, and (ix) be encouraging 

and rewarding productive behaviour.  

 

Table 3.3: Properties of good performance management systems  

PMS Property 

 

Description 

Measured beyond the 

organizational boundaries 

Span all business aspects to provide a whole SC perspective 

(Gunasekaran et al., 2001) 

Holistic system thinking 

encompassing both inputs 

and outputs 

Integrates aspects of the SC process (Coyle et al., 2003). It is 

only inward looking, but follow a holistic system thinking to 

provide seamless integration, should also consider global 

optimization (Chan and Oi, 2003) 

Inclusive of the supply 

chain context, philosophy, 

strategy and goals 

Reflect the business process, derived from strategy and related 

to the SC goals (Neely et al., 1997; Gunasekaran et al., 2001), 

must measure all inclusive aspects (Beamon, 1999)  

Financial and non-

financial SC context  

Consider the SC context and involve financial, non-financial and 

intangible dimensions (Chan and Oi, 2003) 

 

In summary: the development of a PMS should: (i) view the holistic supply chain network, 

(ii) measure beyond company boundaries (even include globalization issues), (iii) integrate 

both input and output to achieve seamless operations, and (iv) include tangible as well as 

intangible, financial and non-financial measures. In addition a thorough understanding of the 

environmental dynamic driving forces and the prerequisites for the PMS creation process 

involving multiple parties is imperative to ensure an appropriate PMS framework.
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3.3.2 Supply Chain Metrics Applicable to Transport 

 

From Table 3.1 a wide variety of available transport related metrics are available in all of the 

normal business measurement groupings.  A discussion of each available transport metric 

falls outside the scope of this seminar, although inside the scope for the larger research 

project. Table 3.4 provides a possible future method of listing general PMS and their related 

metrics versus the attributes in order to create a decision making framework to select 

appropriate metrics for a PMS. 

 

Table 3.4: Proposed selection criteria matrix to match metrics and attributes measured   

PMS and metric Financial Non-financial 

 Assets Inventory costs      
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The modern business environment is characterized by an increase in complexity and 

competition. Innovative technologies and dynamic strategies are implemented to sustain 

competitive advantages (Aitken et al., 2002; Chan and Oi, 2003). One way to address these 

changes is to identify the different collaborators, their linkages and relationships, commonly 

known as a supply chain (SC) system. The aim is to coordinate efforts to increase economic 

value for the SC collaborators and clients.  Supply chains are rarely, if ever, controlled by a 

single manager or managing unit causing difficulties in coordination, performance 

measurement and improvement (Lambert et al., 1998; Meuller et al., 2007). 

 

Determination of performance and subsequent Supply Chain Management (SCM) aims to 

coordinate efforts throughout the supply chain to create value for collaborators and clients. 

SCM uses the old adage: “What gets measured, gets managed” (Schemmer and Vollmann, 

1994). Managing improvement of the total SC relies on an understanding of (i) the system 

characteristics and (ii) the philosophy that governs in a cascading way the supply chain goals, 

performance management systems (organizational systems, networks, facilities), metrics 

(indicator that is measured), methods (how to measure) and tools (what instrument to use to 

measure). This framework is known as a Performance Management System (PMS).  

 

The PMS govern the selection of indicators applied to identify and quantify deviations 

between expected and actual performance over time to expose deficiencies in the supply 

chain. These indicators are called metrics (Coyle et al., 2003). Metrics determine both (i) 

aspects requiring attention and (ii) in turn govern the decisions to select the appropriate 

interventions to be applied for performance improvement of the supply chain (Gunasekaran et 

al., 2001; Agarwal and Shanker, 2002; Coyle et al., 2003). Metrics are thus regulated by the 

PMS and influences in return the PMS system through a closed information loop.  Two kinds 

of errors prevail when using metrics: (i) using the wrong measure, known as a false alarm, 

resulting in mis-information and subsequent knock-on SC effects that either do not address 

the problem or exacerbate the problem, and (ii) failing to use the right measure, known as a 

gap, resulting in important improvement actions not being undertaken (Dixon et al., 1990) 

cited by (Schemmer and Vollmann, 1994). 

 

4. DISCUSSION AND CONCLUSIONS 
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Supply chain improvement should focus first on effectiveness (doing the right thing), then on 

efficiency (doing the right thing in the right manner). One of the most crucial fundamentals 

for supply chain effectiveness is smooth material flow, as good material flow control systems 

improve all important business metrics simultaneously. 

 
Cost used for strategic decisions and external reporting is being augmented by non-financial 

measurement as day-to-day control of manufacturing and distribution operations is better 

handled with non-financial measures. A business process is required that provides a tangible, 

collective picture for improvement. The following summary for the development of a good 

performance management system (PMS) is evident from literature: 

 

Step 1:  Understand the supply chain and what makes and keeps it healthy: 

1.2 Knowledge of the supply chain driving forces, properties, intra- and inter-

linkages, and specific relationships (Agarwal and Shanker, 2002), and 

1.3 Knowledge of key aspects that contribute to both the effective as well as 

efficient functioning of the supply chain (Ghalayini and Noble, 1996). 

Step 2: Develop a Performance Management System to measure, report, support 

intervention decisions and ultimately governs (and improve) the supply chain 

health on a continuous basis: 

2.1 Integrate both supply chain and business philosophies, strategies and goals with 

the use of key aspects to measure (Mentzer et al., 2001; Agarwal and Shanker, 

2002; Coyle et al., 2003), 

2.2 Define good metrics with measurable criteria and set standards of performance 

for each criterion (Globerson, 1985; Ghalayini and Noble, 1996; De Toni and 

Tonchia, 2001; Gunasekaran et al., 2001; Agarwal and Shanker, 2002), 

2.3 Design methods, routines and tools for each metric (Globerson, 1985), 

2.4 Measure each criteria, compare actual performance to standards as well as 

expected performance, feedback information timely to the appropriate decision 

makers (Globerson, 1985; Agarwal and Shanker, 2002; Kleinjen and Smits, 

2003), and 

2.4 Establish procedures to evaluate the feedback information, decide on 

intervention actions to rectify discrepancies and measure and evaluate 

continuously. 
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Sugarcane supply chains consist of several different dimensions, namely a value chain, a 

material handling chain, a collaboration chain, an information and decision chain, and an 

innovation chain (Bezuidenhout and Baier, 2010). The specific agricultural characteristics 

(Higgens et al., 2004), drivers (Coyle et al., 2003) and interactions between the dimensions 

need to be considered and managed simultaneously for the supply chain to be successful 

(Meuller et al., 2007; Bezuidenhout and Baier, 2010). 

 

Collaborators in sugarcane supply chains are realizing that increased supply chain 

performance yields higher profits (Stutterheim et al., 2006). It is more easily achieved using a 

holistic approach of the chain as a joint decision making entity, thus developing a single 

supply chain unit instead of competitive individual components (Chan and Oi, 2003). 

Traditional interventions to optimize supply chain sub-sections do not take cognisance of the 

trade-off nature of the knock-on effects on the total supply chain. Total supply chain includes 

all aspects of overall effectiveness, efficiency and profits (Lee and Billington, 1992; 

Gunasekaran et al., 2001; Stutterheim, 2006). 

 

The current South African sugarcane supply chain and its sub-sections are not approached, 

measured or improved holistically and continuously (Bezuidenhout and Baier, 2009). 

Decisions to improve are taken in isolation without appropriate metrics to track their impact. 

Information on identifying “right” and “wrong” metrics is obscured.  At present sugarcane 

transport employ cost reduction techniques for improvement, but require new approaches in 

transport to overcome financial pressure due to volatile cost variance increases. Stakeholders 

need to consider the wider concept of logistics that include more than just the traditional 

notion of transport. They also need to take a holistic view of the total supply chain and their 

specific knock-on effects on the total supply chain. After farm staff costs, transport cost 

constitutes the second largest expense at an estimated 25 % for sugarcane producers in South 

Africa (Giles et al., 2005). Transport and its related issues (logistics) represent one of the 

biggest possible single improvement area in the South African sugarcane supply chain known 

(Lyne, 2008). Different metrics available for the management of supply chain transport 

performance improvement could be considered for potential application in the transport 

section of the South African sugarcane supply chain. 
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Hypothesis:   

Metrics used for performance measurement and performance management of supply chains 

can be transposed to the South African sugarcane transport system in order to stimulate and 

drive improvement. 

 

Objectives 

The objectives of this study are to understand supply chain transport performance metrics, 

establish which and where to use these in sugarcane transport in South Africa, evaluate their 

appropriateness and develop a selection criteria heuristic.  This will be done in the following 

stages: 

• Determine the properties that govern sugarcane supply chains and transport systems. 

• Compile an inventory of existing supply chain performance philosophies, strategies, 

performance management systems and metrics. 

• Use selection criteria to identify suitable metrics and standards applicable to 

sugarcane transport.  

• Construct and evaluate a framework to integrate the above into a simple diagnostics 

intervention method for sugarcane transport.  

• Test through a case study, evaluate and identify possible shortcomings (at a sugar mill 

e.g. Sezela). 

 

Methodology 

1. Conduct a literature survey of supply chains and their governing properties. 

2. Conduct a literature survey of sugarcane transport supply chain philosophies, 

management, performance systems and metrics. 

3. Populate an inventory of metrics used in transport and list the attributes it measure. 

4. Design a selection criteria heurisitic from the above and identify suitable metrics. 

5. Combine the above into the selection criteria heuristic.  

6. Test through a case study, evaluate, identify shortcomings, recommend.   

5. PROJECT PROPOSAL, OBJECTIVES AND TIMELINE 
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 Methodology 2009 
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