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End-to-end performance measurement 
systems for agri-food supply chains
Lusine Aramyan, Wageningen University and Research, The Netherlands; and Jos van 
Iwaarden, Kearney, The Netherlands

1 � Introduction

Measuring supply chain performance across various industry sectors has 
gained increasing attention recently (see, for instance, the works of Neely et al., 
1995, 2005; Beamon, 1998, 1999; Christopher, 1998; Li and O’Brien, 1999; 
Gunasekaran et al., 2001, 2004; Lambert and Pohlen, 2001; Lohman et al., 2004; 
Govindan et al., 2017; Maestrini et al., 2018; Simão et al., 2022). While there have 
been many studies on measuring supply chain performance in manufacturing 
industry, research in the agricultural sector has been lacking. Studies have 
begun to develop from 2000s (see, for instance, Van der Vorst, 2000, 2005; 
Aramyan et al., 2006, 2007, 2009; Gellynck et al., 2008; Widyaningrum and 
Masruroh, 2012; Fattahi et al., 2013; Piotrowicz and Cuthbertson, 2015; Beske-
Janssen et al., 2015; Govindan et al., 2017; Chopra et al., 2017; Moazzam et al., 
2018; Trivellas et al., 2020). The reason for the growing attention on this topic 
in the agricultural sector is increasing competition as a result of globalization, 
which is paired with quality standard requirements, ever higher customer 
expectations for fresh, healthy, and safe food produced in an environmentally 
and socially responsible way and available 24 h per day.

Measuring the performance of the entire supply chain is important 
because it provides the key data for benchmarking and improving performance 
(Aramyan et al., 2007). Performance measurement of the supply chain brings 
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together business information and market intelligence data about market 
conditions external to the individual firm. The general idea behind performance 
measurement of the supply chain is to optimize activities to reach the highest 
overall performance of the chain by adding value for the least possible cost. In 
the following, we summarize the arguments for measuring (chain) performance.

Performance measurement:

	• Allows decision-makers to align their strategic activities to a strategic plan.
	• Provides an overview of how well the targets are achieved.
	• Provides an overview of strategic improvements and adjustments needed.
	• Allows decision-makers to identify best practices and expand their usage 

elsewhere in the supply chain.
	• Allows benchmarking against competitors.

Performance measurement systems (PMS) for agri-food supply chains face 
particular challenges due to specific supply chain characteristics such as 
seasonality, perishability and short shelf life for fresh produce, variability in 
output quality and quantity, the involvement of many different actors, long 
production times, and specialized transportation requirements (Van der Vorst, 
2000; Aramyan et al., 2007).

In addition, agri-food supply chains currently face challenges from climate 
change, partly because the global food system is an important contributor to 
climate change. The Intergovernmental Panel on Climate Change estimates 
that ‘23% of total anthropogenic greenhouse gas emissions (2007–2016) 
derive from Agriculture, Forestry and Other Land Use (AFOLU)’ (2020, p.8). In 
turn, climate change also threatens the future of the agri-food sector due to 
extreme weather events such as droughts, floods, and other effects such as 
changing patterns in the incidence of pests and diseases (De Vries, 2019; De 
Haan et al., 2019). These challenges have resulted in the rise of the concept 
of circular agriculture. This originates from industrial ecology (Jurgilevich 
et al., 2016) and aims to reduce resource consumption and emissions to the 
environment by closing loops in the use and loss of materials and other system 
inputs. This implies that, wherever possible, inputs are recovered for reuse, 
remanufacturing, and recycling (de Boer and van Ittersum, 2018).

More generally, in 2015, all United Nations Member States adopted the 
2030 Agenda for Sustainable Development, which provides a shared blueprint 
for peace and prosperity for people and the planet, now and in the future. ‘At 
its heart are the 17 Sustainable Development Goals, which are an urgent call for 
action by all countries – developed and developing – in a global partnership. 
They recognize that ending poverty and other deprivations must go hand-in-
hand with strategies that improve health and education, reduce inequality, 
and spur economic growth – all while tackling climate change and working to 
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preserve our oceans and forests’ (https://sdgs​.un​.org​/goals). This implies that, 
in the agri-food sector, farmers, agribusinesses, governments, and society must 
cooperate to promote inclusive, fair, and efficient food systems, including better 
integration of smallholder farmers into supply chains and agribusiness and 
improving their access to markets which are characterized by ever-changing 
consumption patterns (Naseer et al., 2019).

In addition, over the last few years, several countries have implemented 
mandatory Environmental, Social, and Governance (ESG) reporting for large 
companies. ESG reporting involves disclosure of performance of business 
operations related to ESG aspects, i.e. performance related to a business impact 
on the environment and society (e.g. how fairly it treats its staff and suppliers 
such as farmers) as well as how transparent and accountable its reporting on 
such issues are. Since 2022, ESG reporting, e.g. has become mandatory in UK 
and Canada, and in 2023, it will become mandatory in New Zealand. In the EU, 
currently some large companies must already disclose ESG information under 
the Non-Financial Reporting Directive (NFRD). However, from 2023, the NFRD 
will be replaced by a new ESG reporting directive – the Corporate Sustainability 
Reporting Directive, which will extend reporting requirements to approximately 
50 000 companies across the EU.

While the performance of conventional agri-food supply chains has 
traditionally been measured in terms of productivity and profit, requirements 
for a more sustainable agriculture and circular economy require consideration 
of other dimensions such as measuring environmental and social performance 
of agri-food supply chains. Despite its importance, a recent literature review 
on PMS shows that studies including the concept of circular agriculture and/
or circular supply chain management are limited (Vegter et al., 2021). The 
authors also concluded that most of the available performance measures for 
circular supply chain management have not yet been tested in practice and are 
therefore still in an early phase of development.

In this chapter, we discuss the main components of PMS, what methods  
of measuring supply chain performance exist, how they have evolved over 
time, what the challenges related to each method are, and how environmental 
and social indicators can be incorporated in PMS.

2 � Key performance indicators for agri-food supply chains

An essential part of developing a PMS is the identification of key performance 
indicators (KPIs). While there are many indicators of performance that can 
be deployed in a supply chain, there is a small set of critical factors that 
disproportionally affect success or failure in the market that can be defined as 
KPIs.
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KPIs provide quantitative information to decision-makers about their 
products, services, and production processes and inform decision-makers 
whether they are meeting their goals, whether customers are satisfied, and 
where improvements are necessary. KPIs are thus used to help measure 
progress toward achieving the strategic goals set for the supply chain.

The choice of appropriate supply chain performance indicators in agri-
food supply chains is complicated due to the presence of multiple inputs and 
outputs in the system. While there is an extensive literature on supply chain KPIs 
and PMS, the literature on KPIs and effective PMS in agri-food sectors is still 
limited compared to other industries such as the automotive sector. Moreover, 
actual implementation of supply chain PMS in agri-food chains in practice is 
also still limited (Aramyan, 2007). It has, however, gained more importance in 
recent years, particularly KPIs related to green and sustainable supply chains. In 
2015, Ahi and Searcy studied 445 journal articles and found 2555 performance 
indicators for green and sustainable supply chain management. Given the large 
number of performance indicators in practice, selection of the right KPIs is 
crucial. Supply chain actors need to develop strategic goals and set KPI targets 
and objectives accordingly to ensure the long-term success of the supply chain.

Creating a circular agriculture and developing sustainability strategies 
require quantifiable and measurable environmental and social goals. However, 
this has proved to be challenging (Gold et al., 2010; Beske-Janssen et al., 
2015). While circularity is supposed to lead to more sustainability, it does not 
necessarily contribute to it. For example, ‘reuse and recycle’ strategies promote 
the return of products after end-of-use in order to reuse products or their 
components. This leads to less use of raw materials and hence less resource 
depletion and less costs. However, these returns may also require more 
transportation and an energy-intensive process for reusing the product or for 
the recycling of materials which, in turn, may generate additional CO2 emissions 
and increased costs (Batista et al., 2018; Sehnem et al., 2019; Vegter et al., 
2021). As a consequence, trade-offs are often required between traditional 
economic goals and other KPIs (e.g. relating to sustainability outcomes).

2.1 �Trade-offs between KPIs

Supply chain actors typically seek to simultaneously optimize multiple 
objectives in their supply chain management practices, for example, improving 
product quality while lowering costs. However, such optimization often requires 
a compromise in some objectives in order to obtain benefits in others which, in 
its turn, requires decision-makers to make trade-offs. Examples of such trade-
offs are customer service levels versus inventory holding costs, product quality 
versus production costs and, of course, trade-offs, between environmental, 



End-to-end performance measurement systems for agri-food supply chains﻿ 5

Published by Burleigh Dodds Science Publishing Limited, 2024.

social, and economic objectives. In order to be successful, companies have 
to make decisions that enhance their margins, allow them to fulfill customer 
demands on quality and price in a fast and flexible manner and, at the same 
time, be sustainable. They must therefore evaluate trade-offs between efficient 
and sustainable solutions (Darvish et al., 2019). This makes it particularly 
important to focus on minimizing and balancing trade-offs among different 
objectives.

Well-defined PMS often help to guide supply chain actors in making trade-
offs between performance components in order to improve the performance of 
the entire supply chain (Aramyan, 2007). For instance, the implementation of a 
specific management system (or plan or strategy) in the chain may increase the 
costs of the product but, at the same time, it may increase flexibility or improve 
food quality. If supply chain members consider food quality or flexibility as 
the most important aspect of performance, a trade-off can be made between 
increased costs versus increased flexibility or improved food quality.

Trade-offs are usually made based on an overall supply chain strategy 
because they influence overall chain performance and profits. In order to 
develop a supply chain PMS and define relevant performance indicators, 
supply chain operators need first to develop strategic goals and establish key 
objectives with KPIs to measure how well targets are being achieved. Different 
objectives are usually developed at strategic, tactical, and operational levels 
in order to allow a supply chain to measure progress toward the overall goal. 
The strategic level is the top level of supply chain management responsible 
for long-term decisions by the company (e.g. 5 years or more). The tactical 
level is the second level of supply chain management and involves medium-
term decisions for the supply chain (e.g. over a year). The operational level 
involves day-to-day decision-making and planning to keep the supply chain 
running.

Four key supply chain pillars can be distinguished: Plan, Source, Make, and 
Deliver (Supply Chain Operations Reference (SCOR®), 2004). Each of these 
pillars has a clearly defined function in the end-to-end supply chain (see Fig. 1). 
Each pillar thus also affects supply chain KPIs. This has traditionally been a 
challenge because it requires a trade-off between economic indicators (such 
as inventory costs, production costs, and distribution costs) while meeting 
customer/market requirements for service levels. Modern day supply chain 
management is increasing this trade-off challenge, because responsive and 
efficient supply chains are no longer sufficient. In a world of disruption, resilience 
has emerged rapidly as a supply chain KPI together with ESG requirements (see 
Fig. 1). A balance should be found between efficient production with lower 
costs, responsive service, chain flexibility and agility, meeting sustainability 
requirements (e.g. ESG), and being resilient to disruption (i.e. the ability to 
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quickly and efficiently adjust operations to manage disruptions and even avoid 
them by minimizing the impact of events before they occur). The winning supply 
chains of tomorrow will be the ones that are able to break free from today’s 
trade-off thinking and instead create win-win situations where e.g. efficiency 
increases while at the same time being sustainable.

3 � Performance indicators and frameworks used in  
agri-food supply chains

As mentioned, measuring performance of agri-food supply chains is complex 
given their specific characteristics (Van der Vorst, 2000; Van der Spiegel, 2004; 
Aramyan et al., 2007). This implies that PMS developed for general supply chains 
will need to be adapted for agri-food supply chains, as measurement indicators 
such as food quality, safety, and seasonal factors will have to be considered. 
Important distinctions are made between daily fresh products (vegetables 
and fruits), chilled products (salads, dairy products, etc.), frozen products (fish, 
ice cream, etc.), and non-perishables such as sugar and coffee (Van der Vorst, 
2000). Qualitative performance indicators that reflect consumer acceptance of 
the product (qualitative aspects such as taste, texture, and color) need to be 
considered along with other non-qualitative performance indicators (Apaiah, 
2006; Aramyan et al., 2009).

Figure 1  Supply chain trade-offs: typical vs modern. Source: Adapted from Kearney 
(www​.kearney​.com​/operations​-performance​-transformation).
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In 2000, in one of the few studies on the topic, Van der Vorst highlighted 
several performance indicators for food supply chains on three levels:

	• Supply chain;
	• Organization; and
	• Process.

At supply chain level, there are five indicators, which are as follows:

	• Product availability;
	• Quality;
	• Responsiveness;
	• Delivery reliability; and
	• Total supply chain costs.

At organization level, there are another five indicators, which are as follows:

	• Inventory level;
	• Throughput time;
	• Responsiveness;
	• Delivery reliability; and
	• Total organizational costs.

Finally, at process level, there are four indicators, which are as follows:

	• Responsiveness;
	• Throughput time;
	• Process yield; and
	• Process costs.

In 2007, Aramyan et  al. suggested a performance measurement framework 
with a set of performance indicators for agri-food supply chains, consisting  
of four components with a comprehensive set of KPIs per component (see 
Table 2 in Annex). The four components are as follows:

	 1.	 Efficiency, i.e. indicators dealing with how well resources are utilized, 
including such KPIs as company turnover, profit, and quantity of 
products sold.

	 2.	 Flexibility, i.e. indicators dealing with how well supply chains cope 
with a changing environment and with extraordinary customer service 
requests.
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	 3.	 Responsiveness, i.e. indicators dealing with the lead time between 
products requests and their delivery.

	 4.	 Food quality, i.e. dealing with product safety and health/nutritional 
properties, sensory properties and shelf life, and product quality aspects.

Gellynck et  al. (2008) added additional performance indicators to those of 
Aramyan et al. (2007), such as growth in terms of market share, stability, and 
chain balance in agri-food chains. Later on, Fattahi et  al. (2013) argued that 
financial, quality and safety, flexibility, customer service, efficiency, and chain 
coordination are useful indicators to define performance measurement of 
agri-food value chains. Chopra et al. (2017) applied the framework developed 
by Aramyan et al. (2007) to a rice supply chain and found that the rice supply 
chain stakeholders did not measure the importance of performance indicators 
equally but that all four performance indicators were relevant to rice millers and 
other actors in the supply chain.

4 � Environmental and social performance indicators

The challenge of feeding 9 billion people by 2050 puts significant pressure on 
land and water resource use. Due to intensification of agri-food production, 
natural resources are being overexploited and negative impacts on human 
health are increasing (e.g. in terms of the impact of ultra-processed foods in 
promoting obesity). This means the environmental and socioeconomic costs 
associated with the externalities of the intensification of agri-food production 
are also increasing dramatically (Jackson et al., 2009). These costs are typically 
not considered in prices of food products and thus are not reflected in the 
performance of agri-food supply chains. There has been a more recent focus 
on developing performance indicators used in agri-food supply chains to 
reflect the cost of these externalities1. Gaitan Cremaschi et al. (2017) e.g. have 
developed a framework for measuring agri-food supply chain sustainability 
performance with two unique metrics, based on a total factor productivity 
indexing approach, to compare products in terms of their sustainability 
performance. Both metrics are adjusted to internalize food production’s social 
and environmental externalities and consider the sustainability effects of 
different stages along agri-food supply chains. Similarly, Walkiewicz et al. (2021) 
have incorporated externalities related to sustainable performance activities 
(e.g. the time and costs of activities that create externalities or value-added) 
into a PMS for the German food industry. The resulting KPIs and identification 

1 �Internalization of externalities refers to all measures (public or private) that guarantee that unpaid benefits or costs are 
considered in the composition of goods and services prices (Ding et al., 2014).
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of performance and cost indicators reflected four interrelated dimensions: 
ecological, social, financial, and knowledge.

Dutch companies in agri-food supply chains have recently started 
developing schemes related to the performance of their farmers. In these 
schemes, farmers are rewarded for good performance and penalized for bad 
(‘bonus-malus’). The focus of these arrangements is on sustainable agriculture 
in a broader sense: improving soil quality, reduced use of pesticides, enhancing 
water quality, lower energy use, and promoting biodiversity (Runhaar, 2016). 
Beyond these indicators, the implementation of a Dutch circular agricultural 
policy requires KPIs focused on integrated management which accounts for 
climate, biodiversity, and nature (Louis Bolkinstituut, 2020). An integral set of 
KPIs (later renamed Critical Performance Indicators (CPIs)) has been proposed to 
measure farmer performance/contribution to societal goals such as restoration 
of biodiversity, soil quality, landscape, climate and the wider environment. By 
adopting best management practices farmers (land users) can improve their 
score against CPIs. The development and implementation of CPIs are still 
underway. Baayen et al. (2022) suggest that it is crucial to define what issues 
CPIs can resolve and how a CPI system can fit into relevant governance and 
legislative frameworks. One of the conclusions of this study is that the prime 
contribution of a CPI system to enhancing sustainability in agriculture is the 
definition of objectives and desirable behavioral outcomes. This requires a 
common language, measuring methodology, and targets that all stakeholders 
can understand and accept.

In addition to capturing the effects of internalization of externalities on 
performance, there has also been a focus in recent years on issues concerning 
just and fair distribution of costs and profits between agri-food supply chain 
partners. For example, when adopting a new biomass sustainability certification 
system in agri-food supply chains, it was found that actors at the beginning 
of the supply chain (farmers/plantations) bear most of the annual certification 
costs, while actors at the end of the supply chain often receive most of the 
external benefits. There is thus a discrepancy in balancing costs and benefits in 
the chain. Certification systems do not have defined rules to ensure that a share 
of the external benefits return to the farmer (van Dam et al., 2012). Farmers 
in the EU often complain about the ‘unfairness’ of the benefits that retailers/
processors receive from farmers’ efforts to improve environmental or social 
sustainability performance. These imbalances require agri-food supply chain 
actors to find the ways to deal with these perceptions of unfairness. Addressing 
this issue is important as alignment of the perceptions of fairness among supply 
chain actors can improve chain performance (Bouazzaoui et al., 2020). See the 
example on how chocolate producer Tony Chocolonely addresses the issues 
of Fair Price in Box 1.
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Box 1 � The Living Income Reference Price of 
Tony Chocolonely

In 2019, Dutch chocolate brand Tony’s Chocolonely whose mission 
is to ‘make all chocolate 100% slave free’ has introduced the Living 
Income Reference Price (LIRP). That's the price a farmer should 
receive for one kilo of cocoa beans to enable him or her to earn a 
living income. The price is based on complicated calculations, taking 
into account productivity, country, and family size and diversification 
of income. ‘We think the cocoa industry has a responsibility to pay this 
reference price for a livable income. You too ...?’ The brand is known 
for its ‘unequally divided’ chocolate bars, designed to underline 
the inequality in the cocoa and chocolate industries. It claims cocoa 
farmers in West Africa have been hard hit by increasing inflation which 
has forced them ‘further into poverty’.

Source: https://tonyschocolonely​.com​/uk​/en

5 � Methods and techniques to measure performance

Performance measurement has evolved over time. Initially, it was a measurand 
solely at a firm level. Globalization and changing customer requirements 
have forced industries to adapt new and efficient manufacturing practices 
and change traditional ways of business to remain competitive. Examples of 
methods applied to firm-level performance measurement are Activity-Based 
Costing (ABC) and Balanced Scorecard and Economic Value-added (EVA).

As agri-food supply chains have become more complex, and with 
increasing performance requirements in terms of cost, speed, flexibility, 
resilience, and sustainability, there is a growing need to measure overall 
supply chain performance. Some existing methodologies, like Balanced 
Scorecard, have been extended to measure supply chain performance. New 
methodologies have also been developed. One of the first methods to measure 
supply chain performance was the SCOR model developed by the Supply 
Chain Council in 2004. While previous methods focused largely on economic 
performance and aimed to enhance supply chain returns and profitability, 
more recent performance measurement methodology has also focused on 
sustainability aspects and accounting for environmental and social impacts. 
Examples of such methods are Life-Cycle Assessment (LCA) and True Price 
and/or Fair Price assessments. Table 1 provides a short overview of different 
performance measurement methods, including a summary of the advantages 
and disadvantages of these methods.
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Table 1 Performance measurement methods

Method Advantages Disadvantages

Activity-
Based 
Costing 
(ABC)

	• Gives more than just financial 
information

	• Recognizes the changing cost behavior 
of different activities

	• Costly data collection
	• Difficulties to collect 

initial required data
	• Heavily relies on financial 

indicators
	• Difficulties to determine 

appropriate and 
acceptable costs drivers

Balanced 
Scorecard

	• Balanced view about the performance
	• Financial and non-financial factors
	• Top-level strategy and middle 

management-level actions are clearly 
connected and appropriately focused

	• Not a quick fix
	• Complete 

implementation should 
be staged

Economic 
Value-Added 
(EVA)

	• Considers the cost of capital
	• Allows projects to be viewed 

separately

	• Computation’s difficulties
	• Difficult to allocate EVA 

among divisions

Life-Cycle 
Assessment 
(LCA)

	• Allows to establish comprehensive 
baselines of information on a product’s 
or processor’s resource requirement

	• Allows to identify areas where the 
greatest reduction of environmental 
burdens can be achieved

	• Possibility to assess the cost and 
environmental effects associated with 
life cycle of a product or process

	• Data-intensive 
methodology

	• Product-level analysis
	• Lack of confidence in the 

LCA methodology

Supply Chain 
Council’s 
SCOR Model

	• Takes into account the performance of 
overall supply chain

	• Balanced approach
	• Performance of supply chain in 

multiple dimensions

	• Does not attempt to 
describe every business 
process or activity

	• Does not explicitly 
address training, quality, 
information technology, 
and administration

True price 	• Takes into account the performance of 
overall supply chain

	• Considers costs of externalities which 
can be reflected in the performance of 
agri-food supply chains

	• Data-intensive 
methodology

	• Calculating it requires 
defining what can be 
considered sustainable 
(and unsustainable) in 
the economy

	• Difficult to monetize 
externalities

	• Still under development

Fair price 	• Takes into account a fair distribution of 
costs and benefits for all chain actors

	• Analyses the aspects that affect the 
distribution of costs and the prices in 
agricultural value chains in relation to 
fairness

	• Data-intensive 
methodology

	• Difficult to monetize 
fairness perceptions

	• Still under development
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Methods for measuring supply chain performance include the following:

	• ABC: The ABC method is based on accounting methods and involves 
breaking down activities into individual tasks or cost drivers, while 
estimating the resources (i.e. time and costs) needed for each one. 
Costs are then allocated to these cost drivers, including allocating 
overhead costs either equally or based on ranking cost drivers. This 
approach allows for better assessing the productivity and costs of a 
supply chain process. Using the ABC method means that companies can 
more accurately assess, for instance, the costs of services for a specific 
customer or the costs of marketing a specific product. Businesses can 
then understand the factors that drive each major activity, the costs of 
activities, and the relationship between activities and products. ABC 
analysis does not replace traditional financial accounting but provides a 
better understanding of performance by looking at the same numbers in 
a different way (Lapide, 2000).

	• The Balanced Scorecard is a popular performance measurement scheme 
initially developed by Kaplan and Norton (1992). This method employs 
performance metrics from different perspectives:

	º Financial (e.g. cost of manufacturing and cost of warehousing);

	º Customer (e.g. on-time delivery and order fill rate);

	º Business process (e.g. manufacturing adherence-to-plan); and

	º Innovation and technology perspective (e.g. new product development 
cycle time).

By combining these different perspectives, the Balanced Scorecard helps 
a manager to understand the interrelationships and trade-offs between 
alternative performance metrics and leads to improved decision-making. This 
method is not specifically designed for supply chains but could be adapted to 
focus on supply chain performance. The Balanced Scorecard is more tactical 
and strategically oriented compared with the SCOR® model which is an 
operation-oriented method.

	• The Supply Chain Council's SCOR® Model is a standard supply chain 
process reference model designed to fit all industries (Supply-Chain 
Council, 2004). This model provides guidance on the types of metrics 
decision-makers can use to develop a balanced approach toward 
measuring the performance of an overall supply chain. The SCOR® Model 
advocates a set of supply chain performance indicators as a combination 
of the following:
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	 1.	 Reliability measures (e.g. fill rate, perfect order fulfillment);
	 2.	 Cost measures (e.g. cost of goods sold);
	 3.	 Responsiveness measures (e.g. order fulfillment lead time); and
	 4.	 Asset measures (e.g. inventories).

The SCOR® Model directly addresses the needs of supply chain management 
at the operational level. One of the tenets of the SCOR® Model is that a 
supply chain must be measured and described in multiple dimensions. These 
dimensions include reliability, responsiveness, flexibility, cost, and efficiency 
of asset utilization. The SCOR model is a cross-industry model that breaks 
down the processes within a supply chain into five primary processes: plan, 
sources, make, deliver, and return. Supply chain success depends on the 
success of each process. The model provides a best practice view of supply 
chain processes.

	• EVA: This method is based on the assumption that shareholder value is 
increased when a company earns more than its cost of capital. Unlike 
balanced scorecards, which offer a functional focus toward performance, 
the EVA offers a project focus. EVA attempts to quantify value created 
by an enterprise, based on the operating profits in excess of capital 
employed (through debt and equity financing). EVA metrics are less useful 
for measuring detailed supply chain performance. They can be used, 
however, as supply chain metrics within an executive-level performance 
scorecard and can be included in other measurement systems such as The 
Logistics Scoreboard approach (Lapide, 2000).

	• LCA involves making detailed measurements of input use and 
environmental waste during the production of a product, from the mining 
of the raw materials used in its production and distribution through to its 
use, possible reuse or recycling, and its eventual disposal. LCA has thus 
far focused on the environmental burden a product poses throughout its 
life. It offers possibilities for extension to include economic performance, 
when combined with life-cycle cost assessment methods (Azapagic and 
Clift, 1999; Hagelaar and Van der Vorst et al., 2009; Carlsson-Kanyama 
et al., 2003). Using the life-cycle cost assessment method, it is possible 
to integrate economic and environmental cost information into the LCA 
framework and assess the cost and environmental effects associated with 
the life cycle of a product or process.

	• True price is a more recent method which has grown in popularity. It is 
a methodology that accounts for the external costs of societal impacts 
(be it environmental or social) in the value chain of an agricultural 
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product. True pricing entails the quantification of externalities and 
their expression in monetary terms in a way that is comparable to a 
product’s market price (Galgani et al., 2021). The true price is a way of 
accounting for negative consequences of production and consumption 
at the product level, expressed as costs in monetary terms. The sum of 
environmental and social costs is called the true price gap. The true 
price of a product is defined as the sum of the market price and the 
true price gap, and this is the price a buyer would have to pay for a 
product if the cost of remediating its unsustainable externalities were 
added on top of its price. The lower the true price gap, the less social 
and environmental costs a product has (Galgani et al., 2021). See the 
example of the shop in Amsterdam that sells products with a ‘true price’ 
in Box 2.

	• Fair price is very often used in combination with True Price and refers 
to True and Fair Price methodology. Despite this, there is a substantial 
difference between these two methods. While True price considers the 
costs of externalities in the price of the product, in Fair Price, a key issue is 
whether the (additional) costs of sustainability and risks that are linked to 
producing a product in a more sustainable manner are fairly distributed 
between the actors in the value chain. Furthermore, if a market needs 
to be established for more sustainable products, the question arises 
whether (enough) consumers are willing to pay. What prices, or any 
other market outcomes, are (un)fair in agricultural value chains follows 
from an economic notion of (in)efficient markets and economic behavior, 
as well as from personal and societal ethics and perceptions of market 
actors involved. The discussion about fair or just prices appeals to moral 
notions such as a fair distribution of remuneration for all parties and their 
performance in the food chain. This methodology is currently under 
development. Analysis of factors that affect the distribution of costs and 
the prices in agricultural value chains in relation to fairness, including 
practical guidance for value chain actors, is being developed in research 
programs such as follows: True and Fair Price for Sustainable Products 
(see more at https://www​.wur​.nl​/en​/project​/True​-and​-fair​-price​-for​
-sustainable​-products​.htm). The framework links economic models (e.g. 
neo-classical, industrial, transaction costs) to a construct of subjectively 
perceived fairness (see e.g. Diller, 2008). The framework is built on 
the links between fairness in value chains and chain performance and 
includes goals (justice), norms and rules, fairness perceptions, behavior, 
relationship quality, and performance.



End-to-end performance measurement systems for agri-food supply chains﻿ 15

Published by Burleigh Dodds Science Publishing Limited, 2024.

Box 2 � New Amsterdam store sells goods at 
the price required to avoid pollution, 
exploitation and climate change

Paying the true price for a better world

Now open every Saturday in the heart of the famed Amsterdam 
shopping district Haarlemmerdijk, True Price Store is offering products 
‘free from poverty, exploitation, pollution, destruction and climate 
change’, according to Michel Scholte, director of external affairs for 
the social enterprise True Price.

The store will begin by selling coffee, chocolate, and bread, before 
expanding its repertoire and opening hours. Meanwhile, the store 
hopes to already stand as an example to other retailers, restaurants, 
and supermarkets, encouraging them to follow suit ...

The true – and fair – cost …

So, what is the true price of goods? ‘It differs per product’, explains 
Scholte. ‘We show what a product actually costs society in addition 
to the market price. For example, jeans here cost €40 plus €33 more, 
a t-shirt cost €15 plus €8, a chocolate bar €2.79 plus 90 cents, a café 
latte €3.50 plus 25 cents, and a loaf of bread €3.25 plus 18 cents’.

‘At this moment we, only voluntarily charge a small part of that: the 
costs for climate change and underearning of farmers. And this money 
is then redirected to reforestation and supporting the extreme poor. 
However, this is just a part of the total true price gap’, says Scholte. ‘We 
still need to not only improve these remediations, but also address 29 
other social and environmental impacts, including water, soil, air and 
the treatment of workers’, says Scholte. ‘Only then will we have a truly 
sustainable product’.

Source: Iamsterdam, 2020. https://www​.iamsterdam​.com​/en​/business​
/news​-and​-insights​/news​/2020​/true​-price​-store

6 � Conclusion and future trends

Methods for performance measurement of businesses have existed for 
centuries. However, the concept of measuring performance of entire supply 
chains is relatively young. Traditionally, most organizations have viewed 
themselves as entities that exist independently from others and need to 
compete with each other in order to survive. Increasingly, organizations are 
now focusing on their core business (i.e. the activities that they do really well 
and where they have competitive advantage over other organizations), while 
any other activities and products are procured from other organizations. This 
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trend toward outsourcing and globalization has been a major development 
in global business. To effectively manage and control a chain of organizations, 
involvement of all supply chain members is necessary. Organizations are thus 
forced to look beyond the performance of their own organization, focusing 
also on the performance of the entire supply chain. Performance measurement 
of agri-food supply chains has, until the last decade, received little research 
attention. Recently, due to increasing globalization and competition in the 
world market, rising consumers’ demands, governmental regulations of 
food quality, and the greater prominence of sustainability issues, measuring 
performance of agri-food supply chains has become a topic of interest for 
many researchers. Starting from the beginning of the twenty-first century, the 
number of papers devoted to this issue has increased and is expected to 
increase even further.

Organizations in the agri-food sector are generally interested in the 
implications and benefits that a supply chain approach to performance 
measurement could bring. However, the actual practice of implementing a 
supply chain PMS in agri-food supply chains is still limited. One of the reasons 
is the many difficulties in measuring the performance of organizations that 
have no legal power or other form of authority over each other. Moreover, 
most of the available performance measures related to circular supply chain 
management have not yet been tested in practice and are therefore still in an 
early phase of development.

Future research on supply chain PMS has to pay explicit attention to these 
challenging issues of enabling chain members to come to mutual agreement 
to implement such PMS. No system, however, skillfully designed, will make a 
difference unless supply chain members come to an agreement to support 
and use it in their daily practice. It is difficult to develop and adopt PMS that 
satisfy the needs of all stakeholders and ensures maximum value to end-
users (consumers) (Mishra et al., 2018). For a PMS to be functional, it needs 
to fit the environment in which it operates (Ramos et al., 2022). Measurement 
criteria can be specific for each type of supply chain (Najmi and Makui, 2012). 
Different industries will require different metrics based on their supply chain 
performance characteristics and specific business environments (Bulsara 
et al., 2016; Govindan et al., 2017). A key issue in performance measurement 
is to determine which goal it is designed to support. Increasing social and 
environmental concerns are forcing supply chain actors to balance the 
economic, environmental, and social dimensions of their business. To be 
efficient, companies must now evaluate the trade-offs between efficient versus 
sustainable solutions. It is important therefore to focus on finding win-win 
solutions able to generate efficient and sustainable solutions that bring benefits 
to all supply chain actors.



End-to-end performance measurement systems for agri-food supply chains﻿ 17

Published by Burleigh Dodds Science Publishing Limited, 2024.

Measuring performance of agri-food supply chains is complex due 
to specific characteristics such as seasonality, food quality, and safety 
issues. Sustainability challenges require inclusion of environmental and 
social performance indicators in PMS alongside more traditional economic 
performance indicators. While previous supply chain PMS aimed mainly at 
enhancing supply chain returns and profitability, focusing mainly on financial 
and economic performance indicators, current performance measurement 
urgently requires inclusion of more sustainability indicators and accounting for 
environmental and social impacts. As a result, new performance measurement 
methodologies such as True and Fair Price are currently being pioneered. It 
is expected that this trend will continue in years to come, given such urgent 
challenges as climate change and increasing concern about societal impacts 
of business activities.

As discussed, it is expected that future research will focus on further 
development of performance measurement methodologies such as True and 
Fair Price, since calculation of the costs of externalities will most likely become 
mandatory for all supply chain actors in future (including agri-food supply 
chains), requiring a reliable methodology to achieve this goal. This trend is 
already notable with growing mandatory ESG reporting, which requires reliable 
KPIs to objectively demonstrate a company’s progress in ESG aspects of its 
operations against generally agreed benchmarks and targets. As the global 
food system is an important contributor to climate change, agri-food supply 
chain actors will be increasingly forced to comply with legislation related to 
reducing negative environmental impacts, thus introducing new business 
models with a robust set of KPIs where costs are balanced against performance, 
resilience, sustainability, and social equity.

7 � Where to look for further information

To delve deeper into the complex world of agri-food supply chain performance 
measurement, various sources can be explored. The academic literature in 
the fields of supply chain management, agriculture, and sustainability can 
provide in-depth insights into the subject. For this, explore academic journals 
such as the Journal of Supply Chain Management, Agricultural Systems, Food 
Policy, and Journal of Agricultural and Food Industrial Organization. These 
journals often publish research articles, case studies, and reviews related to 
agri-food supply chain performance measurement. The following authors are 
the frontrunners on the topic of supply chain performance: Neely et al., 1995, 
2005; Beamon, 1998, 1999; Christopher, 1998; Gunasekaran et al., 2001, 
2004; Lambert and Pohlen, 2001; Lohman et al., 2004; Govindan et al., 2017; 
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Maestrini et al., 2018; and Simão et al., 2022. For performance measurement 
specifically in the agricultural sector, see Van der Vorst, 2000, 2005; Aramyan 
et al., 2006, 2007, 2009; Gellynck et al., 2008; Widyaningrum and Masruroh, 
2012; Fattahi et al., 2013; Piotrowicz and Cuthbertson, 2015; Beske-Janssen 
et al., 2015; Govindan et al., 2017; Chopra et al., 2017; Moazzam et al., 2018; 
and Trivellas et al., 2020.

Additionally, industry reports, white papers and reports from organizations 
such as the Food and Agriculture Organization of the United Nations (FAO) 
(see for instance some developed performance tools at https://www​.fao​.org​/
policy​-support​/tools​-and​-publications​/resources​-details​/en​/c​/1257355/), and 
global consulting firms can provide practical applications and case studies. 
Explore for instance performance measurement topics related to a supply chain 
resilience and strategic insights at the website of Kearney https://www​.kearney​
.com​/service​/operations​-performance​/kearney​-supply​-chain​-institute and 
https://www​.kearney​.com​/service​/operations​-performance​/kearney​-supply​
-chain​-institute. Visit websites of SCOR models such as https://scor​.ascm​.org or 
https://scmedu​.org​/scor/.

For studies related to true and fair prices visit websites:

	• https://www​.wur​.nl​/en​/project​/true​-and​-fair​-price​-for​-sustainable​
-products​.htm​.Logatcheva, et al., 2023. True Cost Accounting (TCA): a 
methodology for making the global food system more sustainable (wur​.​
nl).

	• Taufik, D., Reinders, M. J. and van Haaster-de Winter, M. A. (2023). Creating  
trust and consumer value for true price food products, Journal of Cleaner 
Production, 390, 136145, ISSN 0959-6526. doi:10.1016/j.jclepro.2023.13 
6145.

	• Galgani, P., Woltjer, G., de Adelhart Toorop, R. and Ruiz, A. G. (2021). Fossil 
fuel and other non-renewable material depletion: true pricing method for 
agri-food products. https://edepot​.wur​.nl​/558072.

	• https://trueprice​.org/.
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Annex

Table 2 Definitions of performance indicators used in the framework of Aramyan et al. (2007)

Categories Indicators Definitions Measures

Efficiencya

Production costs/
Distribution costs

Combined costs of raw materials 
and labor in producing goods/
Combined costs of distribution, 
including transportation and 
handling cost

The sum of the total costs of inputs 
used to produce output/services 
(fixed and variable costs)

Transaction costs The costs other than the money 
price that are incurred in trading 
goods or services(e.g. searching 
cost, negotiation costs, and 
enforcement costs)

The sum of searching costs (the 
costs of locating information 
about opportunities for exchange), 
negotiation costs (costs of 
negotiating the terms of the 
exchange), and enforcement costs 
(costs of enforcing the contract)

Profit The positive gain from an 
investment or business 
operation after subtracting all 
expenses

Total revenue less expenses

Return on 
investments

A measure of a firm’s profitability 
and measures how effectively 
the firm uses its capital to 
generate profit

Ratio of net profit to total assets

Inventory A firm’s merchandise, raw 
materials, and finished and 
unfinished products which have 
not yet been sold.

The sum of the costs of 
warehousing of products, capital, 
and storage costs associated with 
stock management and insurance

Flexibilitya

Customer satisfaction The degree to which the 
customers are satisfied with the 
products or services

The percentage of satisfied 
customers to unsatisfied customers

Volume flexibility The ability to change the output 
levels of the products produced

Calculated by demand variance and 
maximum and minimum profitable 
output volume during any period of 
the time

Delivery flexibility The ability to change planned 
delivery dates

The ratio of the difference between 
the latest time period during which 
the delivery can be made and the 
earliest time period during which 
the delivery can be made and the 
difference between the latest time 
period during which the delivery 
can be made and the current time 
period

(Continued)
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Backorders An order that is currently not in 
stock, but is being re-ordered 
(the customer is willing to wait 
until re-supply arrives) and will 
be available at a later time

The proportion of the number of 
backorders to a total number of 
orders

Lost sales An order that is lost due to the 
stock out, because the customer 
is not willing to permit the 
backorder

The proportion of the number of 
lost sales to a total number of sales

Responsivenessa

Fill rate Percentage of units ordered that 
are shipped on a given order

Actual fill rate is compared to the 
target fill rate

Product lateness The amount of time between 
the promised product delivery 
date and the actual product 
delivery date

Delivery date minus due date

Customer response 
time

The amount of time between 
an order has been done and its 
corresponding delivery

The difference between the amount 
of the time an order has been done 
and its corresponding delivery

Lead time Total amount of time required 
to produce a particular item or 
service

Total amount of time required to 
complete one unit of product or 
service

Customer complaints The registered complaints from 
customers about product or 
service

The total number of complaints 
registered

Shipping errors Wrong products shipments The percentage of wrong shipments

Product qualityb

Sensory properties and shelf life

Appearance First sight of the tomato, 
combination of different 
attributes (color, size and form, 
firmness, lack of blemishes and 
damages)

Number of damages, color scale, 
size, and form scale

Taste Determined by the sweetness, 
mealiness, and aroma of a 
vegetable/fruit

Brix value, which is the 
measurement of a soluble dry 
substance in a liquid (providing 
an approximate measure of sugar 
content)

(Continued)
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Shelf life The length of time a packaged 
food will last without 
deteriorating

The difference in time between 
harvesting or processing and 
packaging of the product and the 
point in time at which it becomes 
unacceptable for consumption

Product safety and health

Salubrity The quality of the products 
being healthful and nutritious

Nutritional value and lycopene 
content

Product safety Product does not exceed 
an acceptable level of risk 
associated with pathogenic 
organisms or chemical and 
physical hazards such as 
microbiological, chemical 
contaminant in products, and 
micro-organisms

Lab checks and monitoring 
processes according to certification 
schemes

Product reliability and convenience

Product reliability Refers to the compliance of the 
actual product composition with 
the product description

Number of registered complaints

Convenience The information provided on the 
packaging is useful, complete, 
and easily understandable

Number of registered complaints

Process qualityb

Production system 
characteristics

Traceability Traceability is the ability to 
trace the history, application, 
or location of an product using 
recorded identifications

Information availability, use of 
barcodes, and standardization of 
quality systems

Storage and 
transport conditions 

Standard conditions required 
for transportation and storage of 
the products that is optimal for 
good quality

Measure of relative humidity and 
temperature, complying with 
standard regulations

Working conditions Standard condition that ensure 
a hygienic, safe working 
environment, with correct 
handlings and good conditions

Compliance with standard 
regulations

Environmental aspects

Energy use The amount of energy used 
during production process

The ratio of cubic meter gas used 
per square meter glasshouse

(Continued)
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Water use The amount of water used 
during production process

The ratio of a liter water used 
per square meter land under the 
vegetables

Pesticide use A permitted amount of 
pesticides used in production 
process

The amount and the frequency of 
the pesticide use complying with 
standard regulations

Recycling/reuse Collected used product from 
crop, packaging etc. that is 
disassembled, separated, 
and processed into recycled 
products, components, and/or 
materials or re-used, distributed, 
or sold as used, without 
additional processing

Percentage of materials recycled/
re-used

Marketing

Promotion Activities intended to increase 
market share for product (e.g. 
branding, pricing, and labeling)

Increase in number of customers 
and sales

Customer service The provision of labor and other 
resources, for the purpose of 
increasing the value that buyers 
receive from their purchases 
and from the processes leading 
up to the purchase

Ratio of provision of resources used 
to increase customer service to 
increased sales

Display in stores Demonstration of the product in 
the store

Increase in number of customers 
and sales

aSources: Beamon, 1998, 1999a; Bowersox and Closs, 1996; Hobbs and young, 2000; Persson and 
Olhager, 2002; Lai et al., 2002; Womack and Jones, 2002; Gunasekaran et al., 2001; SCOR model, 
2004; Berry, 2006.
bSources: Luning et al., 2002; Van der Spiegel, 2004; Valeeva, 2005; Beamon, 1999b; Berry, 2006.
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