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Abstract: Inadequacies of the current agriculture and food systems are recognised globally in
the form of damages to environment and human health. In addition, the prevailing economic
and policy systems do not reflect these damages in its accounting systems and standards.
These shortcomings lead to perverse and pervasive outcomes for society at large. Our
proposal is to consider all social and environmental externalities — both negative and positive,
in global agriculture and food systems and reflect them in an economic system by evaluating
comprehensive costs and benefits. This can be done by adopting an innovative, universal, and
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inclusive framework (the ‘TEEBAgriFood’ framework) in order to stimulate appropriate
policy responses.

Keywords: externalities, human capital, natural capital, social capital, sustainable
agriculture, TEEB

The future of agriculture and food: evaluating the holistic costs and benefits

Agriculture worldwide is under immense pressure to simultaneously produce enough healthy
food for a growing population while minimising impacts on environment and human health,
which have begun to pose increasing risks to ecosystems and society (Sukhdev, 2018; UNEP,
2016). There is thus acute need to understand the complex inter-dependencies and impacts of
agriculture on ecosystems and economy. Globally, scientific literature in the last two decades
has provided robust understanding to capture the value of natural capital, especially
contribution of ecosystem services to human well-being (Daily et al., 1997; Costanza et al.,
1997, 2014, 2017; MEA, 2005; TEEB, 2008; Pascual et al., 2017) and to study
socioeconomic and environmental sustainability through the Coupled Human and Natural
Systems (CHANS, Liu et al. 2007a, b) and the telecoupling framework (Adger et al., 2009;
Liu et al., 2013, 2015). These theoretical underpinnings have become the basis for several
initiatives such as the Wealth Accounting and the Valuation of Ecosystem Services
(WAVES; ) to account for natural resources into development planning led by the World
Bank, the Economics of Land Degradation (ELD) initiative to understand the economics of
land degradation, benefits of land and land based ecosystems (von Braun et al., 2013), the
Natural Capital Coalition to support business community to incorporate ecosystem services

and their values into their operations (https://naturalcapitalcoalition.org/ ). However,

agriculture and food sector that covers about 5 billion hectares of global surface area, and
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contributes USD 3.4 trillion to the global economy annually, has not been addressed in a
comprehensive manner by such global initiatives. Moreover, a quarter of the global
greenhouse emissions are linked to agriculture and land use changes and other damages
arising from agriculture and the food sector are often denied or invisible to economic actors
and consumers, thus impeding their being effectively addressed by public policies (TEEB,
2015). Recognising its significance, the United Nations Environment’s initiative the
Economics of Ecosystems and Biodiversity for Agriculture and Food (TEEBAgriFood;
TEEB, 2018) has been seeking to understand the hidden links amongst agriculture,
ecosystems and society in pursuit of making appropriate and effective policy response
(Sandhu et al., 2019). It builds on the existing scientific literature and understanding of
natural, social and human capital, for human well-being. Its main goal is to analyse the
current ‘eco-agri-food’ systems holistically by using an innovative lens that addresses social
and environmental concerns and reflects them in an economic and social context by

evaluating the extent of otherwise unaccounted costs and benefits.

The current approach

‘Eco-agri-food’ systems is a collective term encompassing the vast and interacting complex
of ecosystems, agricultural lands, pastures, fisheries, labour, infrastructure, technology,
policies, culture, traditions, and institutions (including markets and local knowledge) that are
variously involved in growing, processing, distributing, and consuming food (TEEB, 2015,
2018). The current approach that evaluates agriculture and food systems is able to perceive
only a part of this complex system. It recognises that agricultural production is dependent on

labour, machinery, technology, and inputs such as fertilisers, pesticides etc. These critical
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inputs are considered to be ‘visible’ in the sense that their value to agricultural systems is
accounted for and reflected in decision-making at all levels (farm, industry, national and
international policy). The market value of food reflects these costs but often ignores other
elements of the total cost of inputs, especially those derived ‘free’ from nature. These include
nutrient cycling, pollination, biological pest control, etc. Such inputs are known as ecosystem
services and are positive externalities in agriculture systems (Swinton et al., 2007; Zhang et
al., 2007; Power, 2010; Dominati et al., 2010; Sandhu et al., 2016). Despite their immense
value, the clear benefits they provide are not typically accounted for in market transactions
and remain ‘invisible’, in economic terms (IPES, 2016; TEEB, 2015, 2018). Negative
externalities such as nutrient run-offs, losses of biodiversity, generation of greenhouse gas
emissions, and wastage in the entire value chain of food systems are also not captured by
economic systems. Therefore, society and the economy are unable to see either the positive

or negative impacts associated with agriculture and food systems.

The invisibility of large impacts and dependencies on mainstream agricultural models has
become entrenched through excessive focus on ‘sector’ silos, and ‘per-hectare productivity’
as the indicator of choice (TEEB, 2018). For example, agronomists may have a clear goal of
improving productivity and are also aware of certain negative externalities and
interdependencies on nature. However, these interconnections and dependencies are not
adequately addressed in evaluations and broader policy discussions. There is limited practice
of carrying out the full cost and benefits of any impacts of agronomic practices on natural,
social, and human capital, let alone through the entire value chain (inputs, processing,

consumption and post consumption stages). In addition, the current regulations and
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legislations are also focused only on limited negative externalities such as European Union
legislation on nitrates for reducing water pollution from agricultural sources (Council of the
European Union, 1991). Despite having sustainable use of natural resources as one of the
three objectives of the Common Agricultural Policy of Europe, there is less focus on
including all invisible costs and benefits in the Common Monitoring and Evaluation
Framework of the CAP (European Commission, 2018). The current approach allows only
partial analysis, where significant externalities associated with many inputs and outputs to
manufacturing and farming are not considered in making decisions about the adoption of

such agronomic practices.

There are scientists, practitioners, farmers and policy makers, who recognise various
externalities, but means of making these ‘visible” is constrained due to the limitations of the
current tools and approaches. Hence, the TEEBAgriFood evaluation framework has been
developed to identify the types and magnitudes of such costs and benefits, which can in turn

initiate appropriate policy responses (Sandhu et al., 2019).

The evaluation framework

The TEEBAgriFood study has been a collective effort of about 150 experts from around the
world using a transdisciplinary approach including disciplines such as agronomy,
agroecology, environmental economics, health science, nutrition, social science, accounting,
law, ethics, and political economy. The framework is universal (applicable to any
geographical, ecological, or social context), comprehensive (includes all impacts or

dependencies along the food value chain) and inclusive (supports multiple approaches to
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assessment). Its central tenet is that agriculture and food systems should be investigated
holistically (Figure 1). This lens allows us to identify and value natural capital (e.g., well-
functioning biodiversity and ecosystems), human capital (e.g., skills and knowledge),
produced capital (e.g., finance and machinery) and social capital (e.g., societal interactions,
relationships, formal and informal institutions) associated with agriculture and food systems.
It also helps identify the impacts of diverse agriculture and food systems on natural, human,
and social capital stocks, which comprise the most significant parts of the wealth of nations

(World Bank, 2006).

With this lens, the ‘eco-agri-food’ systems can be investigated and transformed. The
outcomes of this investigation can enable decision makers at farm, business, and policy level
to: i) identify various externalities associated with different production systems, distribution
of food or waste related impacts; ii) provide information to agriculture and food businesses
about options available to account for and internalise the value of environmental externalities
and natural capital in their businesses and in consumer awareness; and iii) contextualise
agricultural systems in economic and environmental policy to highlight the values generated
by all types of farming systems for employment, food and ecological security. This can
catalyse fruitful links among the dimensions of the ‘eco-agri-food’ systems for sustainable
agriculture development and can effectively contribute towards the achievement of United

Nations Sustainable Development Goals (SDGs; UN, 2015).

Application for policy responses
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TEEBAgriFood’s framework is being developed to look beyond the obvious and estimate
costs and benefits in agriculture and food systems by considering all stages of the value chain
including consumption and disposal of waste. This can help develop an appropriate policy
response to correct inequities and negative externalities in agriculture and food systems. For
example, when the magnitude of global food wastage and its associated social and
environmental costs were not known, it was not on the policy agenda around the world. But
due to recent global efforts, now it is known that approximately one-third of all food is lost or
wasted and that it costs about USD1 trillion each year to the economy (FAOQ, 2014a). This
has now become a focus of policymakers and practitioners around the world through Goal 12
of the SDGs (Target 12.3), which aims to reduce food wastage to half by 2030 (UN, 2015).
However, the full environmental and social costs of food waste have not been calculated in a

comprehensive way.

Similarly, this unique, innovative, comprehensive and inclusive TEEBAgriFood framework
will help recognise and accelerate responses through various applications at field, business,
and country level. The framework is designed to be used as a common ‘wide-angle’ lens for
applications as diverse as: (i) comparisons of different agricultural management systems
(e.g., organic, conventional, natural farming, high or low input systems), (ii) comparisons of
the true costs and benefits of alternative food products (e.g., grass fed beef versus grain fed
beef), (iii) dietary comparisons (e.g., Mediterranean diet, plant based diet, vegetarian diet),
(iv) policy scenario analyses (e.g., farm and agricultural related public or private sector
policies), and (v) to derive adjustments to the accounts (e.g., standard national accounts and

adjusted national accounts after internalising externalities) (Figure 1).
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Application of the framework is a process that includes, defining purpose of the evaluation,
describing scope of the value chain, evaluating all stocks, flows, of four capitals and
determining the social, economic and environmental impacts on the society (Obst and
Sharma, 2018). As an application of the framework, we highlight one example from the
suggested five types of applications, comparison of food products (grass-fed vs grain-fed
beef). Grain-fed beef production is associated with large number of negative externalities as
compared to the grass-fed beef production systems. Such studies do not capture all elements
of the framework as highlighted by this example (Table 1). For example, residual flows,
waste generated in all stages of value chains, impacts on human and social capital etc. are not
described or monetised (Sandhu et al., 2018). Such comparisons can be more useful for
consumers and business organisations if they include information about social, health and all
environmental costs throughout the value chain. A TEEBAgriFood type analysis can examine
all negative and positive externalities of beef production systems, including health concerns
over antibiotic resistance, worker safety, animal welfare, impacts on local and often low-
income communities, and healthy diets. In addition, it is not possible to make policy
decisions that promote specific outcomes on any one of these concerns without having
impacts on others. Therefore, the comparison of two systems can utilise systems model for
which the impacts of different policy interventions could be played out. For example, a
complete assessment of the implication of single policy measures, such as banning antibiotic
use in beef production, or removing subsidies for animal feedstocks would give policy
makers the ability to perceive “ripple effects” on other parts of the food system. Framework

can be used to evaluate the value, throughout the food chain (thus for producers, but also
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communities living near processing plants, and consumers) of alternative, low-impact ways

of creating agricultural products.

Conclusion

There are a number of potential uses of this framework: in evaluating agricultural and food,
health, and environmental policies at government level; comparing different food and
beverage products for business; and comparing different production systems at farm level.
For example, one potential example is about health impacts from exposure to agrochemicals
(Forouzanfar et al., 2015; Tilman and Clark, 2014; Trasande et al., 2015). In the European
Union, pesticide exposure causes annual health and economic costs at about USD127 billion,
almost four times as high as the second highest category (plastics; Trasande et al., 2015).
Current evaluations of agricultural policies do not consider these agriculture and food system
systemic impacts. Hence, we often fail to consider links such as those between pesticide use
(often supported by large subsidies) and the rising costs of health care in a country, let alone

their impact on biodiversity, natural resources and environmental justice.

Another potential use is at farm level, where, 500 million family farms are recognised
globally (FAO, 2014b) and farming employs one-quarter of the globally employed
population (ILOSTAT, 2018). However, there is less emphasis on valuing this key
component of the agriculture sector in national and global policies. The framework can help
evaluate the socio-economic dependence of large numbers of rural dwellers on the farming
sector so that these contributions can be valued as an integral part of the economic systems

and be duly rewarded by society.
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The TEEBAgriFood framework builds on the existing robust scientific underpinnings and
extends them to provide a way forward for the global agriculture community to evaluate the
current and future ‘eco-agri-food’ systems. This will help to develop new impetus, and
modify current agriculture and food systems, so that they can be equitable, deliver the
required amount of food, meet calorific and nutritional requirements of all, minimise waste,
protect biodiversity and ecosystem services, and reduce climate risks. TEEBAgriFood
intends to build a consensus amongst citizens, farmers, businesses, policy makers, and other
decision makers by recommending an innovative lens that acknowledges, integrates and
reflects linkages between agriculture, environment and society. It is a novel step in the
direction to evaluate the true costs and benefits of ‘eco-agri-food’ systems by using a
transdisciplinary approach. We see this not as an end point, but a beginning, as scholars build
upon this work and improve the valuation of externalities. We believe it has potential to
stimulate policy shifts to identify and correct the inadequacies of agriculture and food
systems in numerous countries around the world. It could be particularly effective if it is used
by countries and by transnational initiatives (such as the European Union’s Common
Agricultural Policy), to evaluate choices from the perspective of achieving the Sustainable
Development Goals, which are all strongly dependent on achieving truly healthy and

equitable agricultural and food systems.
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Figure 1. TEEBAgriFood evaluation framework comprises of stocks, flows, outcomes and
impacts. These four elements capture various interactions in the ‘eco-agri-food’ systems
complex. The stocks comprise of four different capitals - produced capital, natural capital,
human capital and social capital. These stocks underpin a variety of flows encompassing

production and consumption activity, ecosystem services, purchased inputs and residual
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flows such as pollution and greenhouse gas emissions. The dynamics of an ‘eco-agri-food’
system lead to outcomes that are reflected as changes in the stocks of capitals. In turn, these
outcomes determine the impacts on socio-economic, health and environmental well-being.
The framework is designed for five wide ranging kinds (or families) of applications through
the entire value chain. Each kind of application provides a set of data and questions which
can be reflected by the analysis using the framework to help derive a coherent policy
response. Policy responses can in turn support the capital base of agriculture and food

systems and improve societal wellbeing.
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Table 1 Various elements of the evaluation framework covered in the beef study are shown

by shaded cells (Sandhu et al., 2018).

Value chain Agricultural Manufacturing, Consumption
production processing,
distribution and retail

Outcomes (change in capital)

Natural capital

Produced capital

Human capital

Social capital

Flows

Outputs

Agricultural and food production

Income / operating surplus

Purchased inputs to production

Labour

Intermediate inputs (fuel,
fertilizer, etc.)
Ecosystem services

Provisioning

Regulating

Cultural

Residual flows

Food waste

Pollution and emissions (excess N
& P, GHG emissions, etc.)

Legend

Descriptive information available

Quantitative information available

Monetised information available

Not included in study
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