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Foreword

It is well known that agricultural systems both influence, 
and draw on, the natural environment. The same 
is true for the impacts of agricultural research and 
development (R&D). Through its effects on production 
systems, or on policies regarding the environment, 
agricultural R&D can potentially have a range of natural 
resource management or environmental impacts.

To date, impact evaluations of R&D have largely 
focused on agricultural systems; appraisal and 
valuation of environmental and ecosystem impacts of 
R&D have been less common. This is largely because 
valuing environmental and natural resource impacts 
of agricultural R&D involves substantive empirical 
challenges. Nevertheless, the Australian Centre for 
International Agricultural Research (ACIAR) is 
interested in understanding the full range of impacts of 
the R&D it funds.

If the evaluation of environmental impacts is to be 
meaningful, particularly when planning new research 
activities, it is important wherever possible to place 
the environmental impacts on the same basis as other 
measured impacts—and ideally these involve monetary 
values commensurate with those from broader 
economic impacts. This report provides an overview 
of the methodological issues involved in incorporating 
environmental and natural resource values within 
ACIAR’s economic impact assessments.

As the report points out, recent developments in 
analytical techniques have provided a sound basis 
for combining two parallel streams of research: 
traditional economic analysis of the environment 
(including a range of specialist techniques) and the 
‘ecosystem service’ approach to evaluation. These recent 
developments have served to clarify the ways in which 
the core ideas of ecosystem services can be applied 
within a consistent evaluation of R&D impacts.

In the context of this report, the authors define these 
two approaches as essentially complementary; each 
adds something that is missing from the other, leading 
to an overall view that is both descriptively useful 
and analytically sound. They conclude that R&D 
evaluation requires a particular use of the ecosystem 
service concept, which gives a value to the increment in 
ecosystem services resulting from the complex chain of 
actions associated with the adoption of new knowledge, 
techniques or capacity generated through agricultural 
R&D. This thinking brings an added dimension to 
measuring the benefits attributed to ACIAR-funded 
research.

Nick Austin
Chief Executive Officer, ACIAR
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Summary

The challenge

It is no surprise to those involved with agricultural 
research that agricultural production (including 
downstream processing) affects the environment and 
that the environment provides essential inputs to 
agricultural production. This relationship is broadly 
summarised in Figure 1, which uses the ideas of 
ecosystem services to illustrate the inputs to, and the 
positive and negative outputs from, agricultural systems.

This report considers how to incorporate the effects 
of agricultural research and development (R&D) on 
environmental outcomes within the impact assessments 
regularly undertaken for research funded by the 
Australian Centre for International Agricultural 
Research (ACIAR). In particular, the report is 
concerned with evaluating environmental outcomes 
using an economic surplus framework, consistent with 
that currently used for ACIAR impact assessments. 
Effectively, this means using an extended cost–benefit 
framework and grounding values within a ‘willingness 
to pay’ conception of economic welfare analysis.

Two challenges arise in this regard: first, satisfactorily 
identifying the environmental impacts of the 
agricultural R&D; and second, finding empirical 
methods for evaluating these impacts (that is, deriving 
willingness to pay) given that many of them are not 
mediated through market transactions.

Two streams of analysis

The assessment of environmental impacts of R&D 
can be undertaken by drawing on two broad streams 
of analysis: the traditional economic approach to 
environmental evaluation, and the ecosystem service 
approach to identifying interactions between agriculture 
and natural systems. These two approaches are 
complementary, and recent research has further shown 
how they can be combined to provide powerful analysis 
of environmental interactions.

The economic approach teaches that there are many 
values associated with environmental inputs and 
outputs, and that only some of them are captured in 
market transactions. Economic analysis in this field is 
(in part) concerned with identifying tools for deriving 
values from goods and services where explicit market 
transactions are absent. This is in contrast to much 
impact assessment in which a range of (possibly 
distorted) market prices often forms the basis of 
the analysis.

The concept of ecosystem services—along with the 
various taxonomies that have been developed—provides 
a cogent way of thinking through the interactions 
between human systems (and ultimately human 
values) and the natural resource base on which these 
systems draw.

Recent analysis of ecosystem services from an economic 
perspective has indicated how to use the powerful 
underlying ideas while avoiding double-counting 
of values.
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The economic analysis of non-market transactions, and 
appropriate identification of ecosystem services, thus 
provide a natural combination for thinking through the 
broader impacts of agricultural R&D.

Thinking through R&D impacts

Figure 2 identifies seven potential impacts of 
agricultural R&D on ecosystem services. The logic of 
Figure 2 is to identify where—in the conceptual process 

of moving from ecosystems to human wellbeing—
agricultural R&D could have an impact.

Agricultural R&D can potentially affect outcomes and 
information at each step in the causal chain linking 
basic ecosystems to human values (as further described 
in Table 1).

As is usually the case, these impacts need to be 
evaluated relative to the ‘business as usual’ or ‘without 
R&D’ scenario. This means that the relevant impacts 
may be positive or negative, depending on the context 
within which the research is taking place.

Figure 1. Agricultural ecosystem inputs and outputs. Source: Centre for International Economics, based on 
Power (2010).
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• Soil structure and fertility
• Nutrients 

Agricultural systems
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Application to impact assessment

One of the major challenges in assessing the impact of 
R&D on environmental outcomes, aside from properly 
understanding the biophysical interactions involved, 
will be to satisfactorily value the impacts.

Evaluation of non-market impacts requires specialist 
analysis and can often be time consuming and costly. 
This report proposes a procedure—based on careful use 
of ‘benefit transfer’ from existing studies—to determine 
whether specialist valuation will make a significant 
contribution to understanding the underlying benefits 
of the project(s) being evaluated.

This essentially involves comparing the order of 
magnitude of environmental benefits (derived with 
careful use of benefit transfer) with other benefits of 
the project.

ACIAR projects and environmental impacts

A desktop review of ACIAR projects considered to 
have some degree of natural resource management 
or environmental impact indicates that impact 4 in 
Table 1 (improved productivity in the use of ecosystem 
services as an input) is the most frequent type of impact 
(Figure 3).

The second most frequent is impact 3 (a change in 
the volume of ecosystem services available for human 
welfare) followed closely by impact 7 (policy).

Figure 2. Categories of agricultural R&D impacts on ecosystem services. Source: Centre for International Economics.
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7. Changes in policy related to ecosystems
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Table 1. Potential impacts of R&D on ecosystem services

Impact Description

Impact 1. Impact of changes induced by R&D on 
underlying ecosystems themselves .

For example, decrease in emissions of various kinds (smoke, 
chemicals, processing effluent) may directly affect functioning of 
ecosystems .

Reduced withdrawal of resources from ecosystems (water, for 
example) will affect ecosystem function .

Impact 2. Change in knowledge about the relationship 
between underlying ecology and potential ecosystem 
services .

The relationship between ecosystems and potential ecosystem 
services is complex . R&D may improve basic scientific 
understanding of these relationships .

Impact 3. Change in the ‘volume’ or ‘quality’ of 
ecosystem services .

Increase in the volume of the ecosystem services (such as 
increased carbon sequestration) may result from production 
changes related to R&D .

Impact 4. Improved productivity in the combination 
of capital and other inputs with ecosystem services .

Increased production efficiency in the use of ecosystem services 
may result in releasing environmental resources for other uses .

Impact 5. Increased understanding of the relationship 
between ecosystem services and human wellbeing .

The link between ecosystem services and human wellbeing is an 
issue of ongoing scientific exploration .

Impact 6. Direct increases in human wellbeing . Reduced emissions of various kinds may directly improve human 
wellbeing (reduced smoke, for example) .

Impact 7. Changes in policy broadly relating to 
ecosystems .

Institutional structures and policies have a direct influence on 
the full ecosystem service chain .

Source: Centre for International Economics

Figure 3. Frequency (share of total) of impact categories. Data source: Centre for International Economics’ 
estimates based on ACIAR project documents.
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1 Introduction

Background

Farming systems both use and influence natural 
resources …

Farming systems (and their associated value chains and 
markets) are very closely linked with ecological systems 
and draw extensively for their productivity on a base 
of natural resources. These resources range from the 
microscopic ecosystems within the soil, to the watershed 
systems that feed into farms, to the range of organisms 
that provide services such as pollination.

The linkages work both ways, and farming and 
agricultural processing can often have a substantive 
influence on environmental and ecosystem outcomes. 
Different farming methods can enhance, or detract 
from, the natural resource base that the methods 
ultimately draw on.

… as does agricultural research and development

In its aims to improve the productivity of farming 
systems, agricultural research and development 
(R&D)—once adopted in some form—can also have a 
direct or indirect impact on environmental outcomes. 
Environmental effects may be the side effect of other 
changes induced by R&D or they may result from 
R&D targeted at natural resource management and 
environmental issues.

While current impact evaluation of R&D mostly 
accounts for, and values, the economic impact of R&D, 
accounting for and valuing the environmental and 
ecosystem impact of R&D is less common.

However, in most countries—and certainly within 
the global partnership of the Consultative Group 

on International Agricultural Research—increasing 
attention is being paid to the environmental or natural 
resource outcomes of agricultural research (see, for 
example, CGIAR (2011)).

Three key questions arise when considering the 
environmental impacts of agricultural R&D (Figure 4):

  how to identify the relevant R&D outcomes

  how to assess the direct and indirect biophysical 
effects of those outcomes

  how to value the biophysical effects.

Further, for the evaluation of environmental impacts 
to be useful, particularly when planning new research 
activities, it is important that, to the greatest extent 
possible, the environmental impacts be placed on the 
same basis as other measured impacts—including 
(but not exclusively) through the use of monetary 
values commensurate with those from broader 
economic impacts.

Substantive empirical challenges

There are several reasons why valuing environmental 
and natural resource impacts of agricultural R&D 
involves substantive empirical challenges:

  In many cases, valuation will involve dealing with 
values that are not explicitly reflected in market 
prices:

 − interestingly, though, economics has a strong 
tradition of trying to understand ‘shadow 
values’—and traditional R&D impact 
evaluation has had to confront the fact that, in 
many cases and in many developing economies, 
regulations and other market constraints mean 
that underlying values are not necessarily 
reflected in market prices
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 − the need to value environmental outcomes 
without any explicit market prices is in some 
ways an extension of the challenge posed by 
distorted markets.

  The ‘production function’ is considerably more 
complicated in the case of environmental impacts. 
In the traditional case of evaluating productivity 
improvements, for example, the challenge is 
to understand the way in which the outputs or 
outcomes from the research intersect with the 
existing agricultural production functions to create 
an increase in value for the same level of inputs. 
In the case of much environmental evaluation, an 
additional challenge is to understand the ‘ecological 
response’ function (or the ‘biophysical response’ 
relationship) associated with the R&D.

  Measuring the incremental impacts of R&D 
(and attributing these to particular research 
streams), while always a challenge in R&D impact 
evaluation, may be particularly challenging from 
the environmental perspective where baseline 
environmental outcomes are complex, occur 
in many different dimensions and may involve 
nonlinear or threshold effects.

  The information base required to assess 
environmental impacts is more extensive than 
for traditional economic impact analysis and may 
involve a range of specialist empirical techniques.

This report

This report provides an overview of the methodological 
issues involved in incorporating environmental and 
natural resource values within the economic impact 
assessments conducted by the Australian Centre for 
International Agricultural Research (ACIAR), with 
a particular focus on doing this within an economic 
surplus evaluation framework. The primary purpose is 
to draw together research in this area, highlighting the 
advances that have been made and pitfalls that need to 
be avoided. It does not purport to be a definitive paper; 
rather it is hoped that, as work on this important area 
continues, and as new techniques are developed, the 
analytical framework presented here will continue to 
be updated.

Figure 4. The path from outcomes to impacts. Source: Centre for International Economics.
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A note on terminology

In this report, the terms ‘natural resource management’ 
(NRM), ‘environmental impacts’ and ‘ecosystem 
services’ will be used largely interchangeably, although 
there are some differences in nuance between the three 
terms. In particular:

  ‘natural resource management’ conveys a sense of 
the active management of the natural resource basis 
that agriculture draws on. R&D in this space may 
be concerned with actively improving the efficiency 
of the use of natural resources. NRM thus implies, 
to a degree, but not exclusively, the use of natural 
resources as a subject of R&D

  ‘environmental impacts’ in some discussions 
conveys a sense of negative impacts on the 
‘environment’, which is in turn conceived very 
broadly to include processes not directly controlled 
by humans

  ‘ecosystem services’ will be defined in more detail 
below, but essentially involves a broad framework 
of thinking through both NRM and environmental 
impacts.
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2 General principles: incorporating 
environmental valuation within 
impact assessment studies

Extended cost–benefit analysis

The broad framework for analysis covered in this report 
is concerned with what has been termed ‘extended 
cost–benefit analysis’ (see, for example, Bennett (2009, 
2011a)). This is essentially cost–benefit analysis of the 
form typically undertaken within impact assessment 
but extended to include more generalised valuation 
concepts related to environmental impacts.

Within extended cost–benefit analysis, the standard 
disciplines of the procedure remain (clear definition of 
the ‘with’ and ‘without’ R&D scenarios, for example) 
but the understanding of the welfare implications of 
particular R&D outcomes is extended to included 
environmental values.

Maintaining an economic surplus focus

Consistent with this, when including natural resource 
and environmental impacts within an impact 
assessment, it is important to make sure this evaluation 
is consistent with—and can be added to—the traditional 
measured impacts.

This means that it is important to maintain an economic 
surplus approach when evaluating environmental 
impacts. This is particularly the case when considering 
the broad ecosystem service impacts of R&D, where in 
the past economic surplus has not always been the focus 
of ecosystem surplus valuation.

‘Willingness to pay’ the core valuation concept

This surplus approach in turn implies that a core 
valuation concept needs to be ‘willingness to 
pay’ (WTP) from the perspective of the different 
beneficiaries of the R&D. This creates particular 
challenges where this WTP cannot be directly inferred 
from market transactions (in contrast with most 
traditional impact evaluation where market transactions 
form the basis of assessments of WTP).

Channels of impact: from R&D to the ecosystem

Figure 5 illustrates that there are essentially four 
channels of agricultural R&D impact, three of which are 
specifically concerned with environmental outcomes.

The standard channel: R&D to productivity

The right-hand stream in Figure 5 shows the typical 
linkages identified and used within standard R&D 
evaluation. Research outcomes (assuming adoption and 
so on) lead to improvements at the farm (or processor 
etc.) level. These may be increases in productivity, 
reduced costs, improved knowledge, capacity building 
and so on.

The value of these outcomes is assessed in the light of 
the basic agricultural production function (the ‘shift 
in the supply curve’); the market in which the farmer 
(or processor) operates; and changes in prices and 
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Figure 5. Channels of agricultural R&D impact. Source: Centre for International Economics.
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the distribution of effects between consumers and 
participating and non-participating producers.

Improvements in environmental and resource 
management outcomes within the farming system

Many of the environmental and natural resource 
benefits of R&D are likely to lead to improved outcomes 
within the farming system. Improved soil condition, 
greater efficiencies in the use of water resources, better 
understanding of nutrient flow and so on, all have direct 
benefits to the farming system, in many ways similar to 
the traditional productivity increases typically measured 
in economic impact analysis.

Indeed, much economic impact analysis implicitly 
assumes that the environment is accommodating to 
the new techniques and practices emerging from R&D 
and so, in many cases, there is already at least implicit 
environmental evaluation within the analysis.

Environmental benefit mediated through R&D-induced 
farm behaviour change, with benefits external to the 
farm

Changed farm practices—implemented for gains 
on-farm—may have secondary environmental impacts 
off-farm. These effects, mediated through ecosystem 
services, affect other agents not necessarily involved 
in farm activity. These external effects may, or may 
not, have market implications. Indeed, in most cases 
there will be no market interaction involved, and so 
the evaluation of the impact will need to use a range of 
non-market valuation techniques.

Direct improvements in environmental outcomes

Some agricultural R&D may lead to direct 
improvements in environmental outcomes without 
necessarily involving behaviour within the farming 
system, although this will clearly involve behavioural 
change in adoption of R&D findings somewhere within 
the economy.

Multiple channels for particular R&D

It is highly likely, of course, that adoption of some 
agricultural R&D will have environmental impacts 
through more than one of these channels.

Positive effects, or avoiding negative effects

As is always the case, understanding the baseline (or the 
without-research scenario) is crucial in framing R&D 
impacts. This may involve baseline improvements in 
environmental and natural resources outcomes, or the 
avoidance of ongoing negative impacts. In traditional 
impact evaluation, these different variations to baseline 
are often symmetric—shifting a supply curve back, or 
moving it down by the same vertical amount (at least 
with linear demand and supply curves), has the same 
value implication. With environmental outcomes, 
this will not always hold and the choice of valuation 
technique may depend on the direction of effect.

Geographic extent of effects

These various channels of effect may take place at a 
range of geographic levels: within a single farm, between 
farms within a particular region, or extending well 
beyond the original farming region influenced by the 
R&D (as illustrated in Figure 6).

The geographic extent of impacts will clearly have 
a significant influence on the valuation techniques 
adopted and may itself be related to the nature of the 
environmental effects of the R&D. Changes in carbon 
storage (the removal of carbon from the atmosphere), 
for example, have a global impact (through potential 
impacts on climate change) while changes in salinity can 
often have more-local effects (possibly between adjacent 
farming systems).

Of course, the geographic scope of effects also depends 
in turn on the geographic scope of the original R&D and 
its adoption. Research focused on salinity, for example, 
if adopted widely has scope beyond the original regions 
involved because of the aggregation of effects involved.

The same is true for air quality effects; although because 
of the nature of air pollution it is likely that these 
impacts will be much broader, extending regionally or 
even nationally.

Water quality effects may be local, regional or even 
national (in some cases) depending on the nature of 
the water systems, catchments, hydrology and so on 
influenced by the adoption of the R&D.
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Finally, biodiversity effects can potentially be global to 
the extent that there is widespread WTP for (non-use) 
values associated with diverse ecosystems.

The type of extended valuation needed

Figure 7 summarises the way in which the valuation of 
impacts needs to be extended when considering the full 
range of potential environmental impacts of R&D. The 
top-left quadrant of the figure is essentially the domain 
of standard impact analysis, while the remaining 
three quadrants need to be considered for analysis of 
environmental impacts.

Figure 7 makes a distinction between ‘marketed’ 
and ‘non-marketed’ outcomes that can occur on- or 
off-farm. (Note that in this chart the on-farm/off-farm 
distinction refers to the full farm value chain, thus 
on-farm includes the farm value chain.)

For on-farm impacts where the effects are mediated 
through a market, then it is relatively straightforward 
to use conventional surplus techniques based on 
market models to assess the impact of R&D. In the 
case of environmental impacts this is likely to be fairly 
rare, however.

It is also possible for off-farm environmental impacts 
to be mediated through markets. Carbon markets are 
a good example of this, as their scope and extent is 
steadily (but haltingly) increasing. Some agricultural 
R&D is concerned with improving carbon uptake in 
various ways and so can potentially be valued using 
information from carbon markets (as noted below, 
however, care needs to be taken when doing this).

The most likely situation, however, is that there will be 
no explicit markets (or market prices) for either on- or 
off-farm environmental impacts. For these cases, a 
range of techniques must be used to assess the economic 
surplus associated with the impacts of the R&D. These 
are discussed in more detail below.

Two streams of literature dealing with 
environmental impacts

There are two, broadly parallel streams of literature that 
can be drawn on when considering the environmental 
and natural resource implications of R&D:

  the economic approach (sometimes called ‘total 
economic value’) approach to environmental 
analysis

Figure 6. Geographic scope of effects. Source: Centre for International Economics.
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  the ‘ecosystems services’ approach to understanding 
the links between the environment and the 
economy (or human values more generally).

The economic approach

The economic approach to environmental valuation 
has emerged over the past 40 years or so and received 
a significant boost with the focus on sustainable 
development following the publication of the 
‘Brundtland report’1 in 1987 (see WCED 1987). 
Pearce et al. (1989) also give some of the history of the 
approach, while Bennett (2011a) covers more recent 
technical developments.2

Environmental economics has been concerned 
particularly with the economic incentives and 
institutions that allow or prevent environmental 
valuations from emerging in various human interactions 
and therefore being accounted for in decision-making.

1 So called because the commission that produced it was 
chaired by Gro Harlem Brundtland, the then Prime 
Minister of Norway.

2 Pearce (2006) and Pearce et al. (2002) review a range of 
environmental valuations in developed and developing 
studies.

For this reason, much of this stream of research has 
focused on non-market valuation. In a sense, the focus 
of the economic approach has been on identifying 
potential values that people hold around environmental 
outcomes, and using and developing a variety of 
techniques to discover those values.

Ecosystem services

Over roughly the same period, a parallel stream of 
thinking known as ecosystem services has emerged (see, 
for example, Costanza et al. (1997)). Initially, this stream 
was not as concerned with the analytics of valuation 
(as economists might view things) but in providing 
an understanding of the ways in which ecosystem 
structures, processes and functions combine to generate 
services for other elements of the ecosystem and for 
humans.

The ecosystem services stream of literature initially 
had weaker valuation foundations, but recent work has 
helped reconcile the ecosystem services approach with 
the traditional economic approach to environmental 
analysis (see, for example, Bateman et al. (2011) and 
Johnston and Russell (2011) for a discussion of these 
issues).

Figure 7. Overview of the sort of estimation that may be required to cover environmental impacts of R&D. 
Source: Centre for International Economics.
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The two are complements

A core proposition of this report is that, properly 
understood, these two approaches are essentially 
complementary; each adds something that was missing 
from the other, to provide an overall view that is both 
descriptively useful and analytically sound.

The economic approach to valuation has solid welfare–
theoretic foundations, anchored in an understanding of 
incentives and in the central role of economic surplus 
(WTP) as a valuation framework. It is therefore essential 
for use in cost–benefit analysis. It has been less strong, 
however, in providing a comprehensive description 
of the many roles of ecosystems in generating values 
for humans.

The ecosystem services approach provides extremely 
useful descriptive lists of ecosystem structures and 
processes, and the ways in which these may combine 
to provide value to humans. The approach has pointed 
out the many complex ways that the economy is 
grounded in ecosystems. However (particularly in 
initial applications), the ecosystem services approach 
was considerably weaker in valuation foundations 
and, in some early applications, failed elementary 
theoretical tests that economists would like to apply (by 
implicitly allowing double counting, for example, or by 
using valuation techniques that were not grounded in 
surplus methods). But, as noted above, recent research 
has shown how the ecosystem services approach can 
be useful, given appropriate understanding of its 
underlying economic foundations.
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3 Total economic value and 
non-market valuation

Not all economic value appears in markets

One of the standard approaches to understanding value, 
commonly used within environmental and resource 
economics, is to divide total economic value (TEV) into a 
number of different components, as illustrated in Figure 8.

These different values can apply to a variety of goods 
and services that are either inputs to, or outputs from, 
farming and other systems. They apply, of course, to 
many ecosystem outcomes.

  Direct use values are concerned with immediate or in 
situ use (either consumptive or non-consumptive) of 
goods and services (including ecosystem services).

  Indirect use values are concerned, for example, with 
use of ecosystem services through indirect means, 
not necessarily in situ.

  Options values are concerned with values that arise 
because of the potential to use resources in the 
future rather than now, or because of the potential 
information that may be contained in those 
resources (medicinal use of plants, for example).

  Non-use values include existence values and bequest 
values—valuation not concerned with direct use in 
any way, but with the existence per se of the resource, 
or the ability to pass the resource to future generations.

These values can be increased or reduced through policy 
choices or through R&D, in exactly the same way that 
use values may be influenced through policy or through 
R&D. Evaluation of R&D therefore requires evaluation of 
its impacts on the different sources of value.

One of the core insights of the TEV categorisation is 
that many types of value are not explicitly traded within 
markets and so the estimation of such values requires a 
range of alternative economic techniques.

Table 2 illustrates a broad mapping between the types of 
values and the expression of those values in markets or 
otherwise.

Overview of valuation techniques

Where values cannot be derived directly from market 
exchanges, the estimation of economic value involves 
looking at a surrogate market (as in revealed preference 
techniques) or creating a market (as in stated preference 
techniques). Table 3 broadly summarises the valuation 
techniques commonly used for environmental values.3

Why avoided cost is not necessarily a surplus measure

It is common within some valuations of environmental 
outcomes to consider ‘avoided cost’ as a measure of 
value. Before adopting this measure, it is important to 
be very clear of what it is designed to measure. Figure 9 
illustrates one notion of avoided cost. This represents 
a variety of cases, but it could be, for example, an 
environmental benefit leading to a reduction in water 
treatment costs. This is a productivity improvement in 

3 Non-market valuation, particularly using stated preference 
techniques, is a rapidly expanding area of economic 
research. The research by Johnston et al. (2011, 2012) 
indicates the level of care and attention needed in 
undertaking stated preference studies.
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the supply of water services, represented as a downward 
shift in the supply curve from S to S1, and the value of 
the improvement is measured by the typical surplus 
area (abcd = 1/2 z(Q1+Q2) ) shown in the figure. The 
avoided cost measure is equal to fP1ce = zQ1. As such, 
the avoided cost measure will be an overestimate of the 
welfare gain in the majority of cases. In fact it is equal to 
the surplus measure only when the demand cure (D) is 
perfectly inelastic.

More generally, avoided cost, or avoided damage, 
or avoided mortality will not necessarily equal the 
willingness to avoid the cost, damage or mortality. In 
some cases, however, avoided costs may provide the 
only available values. In these cases, care should be 
taken to identify the likely effects of using avoided cost 
rather than WTP estimates.

Table 2. Types of economic values

Expression of value Direct use Indirect use Options Bequest Existence

Direct market values (inputs or outputs)

Undistorted market  

Distorted market  

Secondary market values

Undistorted market 

Distorted market 

Values implied from indirect market

Observed transactions/models   

No market values   

Source: Centre for International Economics

Figure 8. Total economic value and its components. Source: Centre for International Economics.
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Valuing carbon

As noted earlier, an environmental value that is being 
identified with increasing frequency relates to carbon: 
either increased sequestration of carbon in biological 
systems or the avoided emissions of carbon dioxide (and 
other greenhouse gases) in agricultural systems.

There are several options for valuing these changes in 
carbon, and care should be taken in thinking through 
which is most appropriate in a given circumstance. 
Figure 10 illustrates two broad options for valuing 
carbon related to R&D.

Table 3. Valuation techniques for non-marketed environmental outcomes

Category of technique 
and context

Name Description

Revealed preference 
methods

These approaches are used 
where information on market 
transactions is available 
and where non-marketed 
environmental characteristics 
(or ecosystem services) are 
implicit in the marketed 
transactions . Values from the 
non-marketed ecosystem 
services are inferred through 
careful analysis of variations 
within a large set of market 
transactions .

These techniques are 
concerned with ‘use values’ 
for environmental services .

Travel cost A technique used to value sites that people incur costs in order to visit . 
Visits are made for a variety of reasons, but sites of interest are those 
that have environmental significance . Preference for visitation is inferred 
from the travel costs incurred: using statistical methods relating visits to 
distance (and cost), consumer surplus per visit can be estimated .

Hedonic 
pricing

This technique is used to estimate value of non-marketed characteristics 
by using detailed data on market transactions where non-marketed 
characteristics are implicit in the transactions, can be measured and vary 
across transactions . It is most often applied to real estate transactions 
where the overall price of the real estate is a function of many 
embodied characteristics (including, for example, proximity to areas of 
environmental significance) .

This technique is extremely data-intensive .

Production 
function

A technique used to estimate values of non-marketed environmental 
inputs into production processes (which in turn generate a marketed 
product) . Involves statistical estimation of the relationship between 
inputs and outputs for a farming system in the region of interest .

Can be used to determine value of ecosystem services (see discussion 
elsewhere in this report) .

Stated preference methods

These techniques involve 
direct questioning 
of beneficiaries of 
environmental services . 
Questionnaires typically 
confront respondents with 
a variety of alternatives and 
are designed to ascertain 
choices under these virtual 
alternatives .

These techniques cover non-
use values in addition to use 
or passive use values .

Contingent 
valuation

These survey methods typically involve a binary choice between different 
alternatives for environmental outcomes . Although the choice is binary, 
the alternative outcomes may have a complex set of elements within 
them . This technique is very flexible and has had wide application in 
developed countries .

Choice 
modelling

Respondents are asked, in effect, to choose between different outcomes 
where the outcomes are described by a number of attributes . Choices 
are not binary (as in contingent valuation) so values (willingness to pay) 
for individual environmental characteristics can be obtained .

Contingent 
behaviour

Closely related to choice modelling, this technique seeks to assess 
respondents reactions to potential future changes in factors such as the 
price of environmental services . The focus is not on a monetary response 
(‘how much are you willing to pay for …?’) but on a behavioural response 
(‘what will you do in the face of …?’) .

Source: See, for example, Bennett (2011a, b)
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Direct: optimal climate control

The economic value of reducing carbon emissions 
is equal to the WTP for carbon control, which is, in 
principle, related to the loss in income avoided as a 
result of limiting climate change, net of the cost of 
abatement. Thus, if future climate change is expected to 
cost $100 (in terms of an appropriate welfare measure), 
then abatement that eliminates future climate change 
will have a gross benefit of $100. If the abatement itself 
cost $50, then the net benefit of the abatement would 
be $50.

Under this sort of framework, there is a balance 
between avoiding the future costs of climate change and 
incurring abatement costs. If all costs and benefits are 
being considered appropriately, then there would be 
little sense in incurring abatement costs greater than the 
cost of climate change.

There are studies that have attempted to estimate the 
costs and benefits of abatement and climate change in 
this way (see, for example, Nordhaus and Boyer (2000) 
and Nordhaus (2010)). These studies can be used to 
impute a value for each tonne of carbon abated.

In addition, a number of studies have attempted to 
estimate the marginal damage of each tonne of carbon 
emitted (using both economic and climate models). This 
work is summarised by Tol (2010, 2012).

Indirect: cost of hitting a target

The second way of getting to a value for carbon is an 
indirect approach that estimates the cost of achieving a 
particular abatement target (whether or not that target 
is optimal in any sense). Thus, for example, economic 
model simulations of the cost of the Copenhagen targets 
can be used to estimate a cost per tonne of carbon abated. 
(see, for example, Commonwealth of Australia (2011)).

Figure 9. Avoided cost and economic surplus
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In addition to model-based estimates of abatement 
costs, it is also possible to value carbon by observing 
carbon trades within well-established carbon markets. 
This value is implicitly determined by the target 
imposed within the particular market. (The value of 
carbon trades in a number of markets is summarised at 
<www.pointcarbon.com>.)

Benefit transfer

The various valuation techniques set out in Table 3 
draw on considerable data and specialist analytical 
techniques. Individual studies are likely to be expensive 

and time consuming. In developing countries, 
underlying data may simply be unavailable.

The cost of deriving estimates of environmental values 
means that a very common approach is to apply ‘benefit 
transfer’; that is, use values generated in another context 
to apply to the particular context under consideration. 
Environmental values are transferred from one 
application to another.

As Figure 11 illustrates, there are several layers of 
benefit transfer, ranging from the simple adoption 
of a per-person value from other study, to more 
sophisticated meta-analysis of information pooled 
from many studies. The core issue with benefit transfer 
is the extent to which differences between situations 

Figure 10. Valuing carbon in relation to R&D. Source: Centre for International Economics.
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can be measured and therefore taken account of in the 
transfer process.

One of the major challenges in using benefit transfer 
as part of any analysis is that there are no generally 
accepted rules and guidelines as to what constitutes 
best practice. Although it is widely agreed that meta-
analysis provides the most reliable approach to benefit 
transfer, considerable uncertainty about acceptable 
practice remains (see, for example, Johnston and 
Rosenberger (2010)).

Figure 11. Levels of benefit transfer. Source: Centre for International Economics.
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4 Ecosystem services

Overview of ecosystem services

Ecosystem services are the contributions of the natural 
world (‘natural capital’ or ‘natural resources’ or ‘the 
environment’) that are used (directly or indirectly) to 
generate goods (or services) that people value.4

An ecosystem can be thought of as series of underlying 
ecological and biophysical structures and processes 
which together produce functions that then generate a 
range of ecosystem services that are (potentially) of value 
to humans (Figure 12). These values may arise through 
use or non-use reasons, and may require (particularly 
in the case of direct uses) the combination with other 
economic inputs to generate the ultimately valued goods 
and services.

Figure 12 illustrates that there are several steps in 
moving from the underlying ecological and biophysical 
structures to the ultimate sources of human value and 
wellbeing. As will be noted further below, delineating all 
of these steps is worthwhile as it helps pin down where 
the sources of scientific uncertainty may arise.

The different categories of ecosystem services set out in 
Figure 12 are considered in more detail below.

4 A variety of definitions of ecosystem services can be 
found (see, for example, TEEB (2010) and Costanza et 
al. (1997)). These are all essentially equivalent to the core 
definition used here, although it is worth noting that this 
discussion draws more on Bateman et al. (2011) who focus 
strongly on incorporating ecosystem services within an 
economic framework.

Ecosystem functions and processes

The relationship between ecosystem functions and 
underlying biological, chemical, physical and ecological 
process is illustrated in Table 4.

Basic underlying ecological and biophysical process 
such as photosynthesis, plant nutrient uptake, soil 
dynamics, nitrogen fixation and so on all contribute to 
ecosystem functions that include primary production 
(plant growth), decomposition, nutrient cycling, water 
cycles and soil formation.

The ecosystem functions (driven from underlying 
processes) reflect the potential for the ecosystem to 
deliver services that can then be combined to generate 
values for humans.

Biodiversity and ecosystem services

Some of the links between biodiversity and ecosystem 
services are summarised in Table 5. Genetic variability, 
for example, has the potential to provide a (provisioning) 
ecosystem service of medicinal products. In this case, 
of course, ultimate production of the products requires 
additional human inputs and so cannot be attributed to 
the ecosystem services (or the biodiversity) alone.

Taxonomy of ecosystem services

Table 6 summarises one taxonomy of ecosystem services. 
This is derived from the United Nations Environment 
Programme–hosted ‘The Economics of Ecosystems and 
Biodiversity’ (TEEB) project report (TEEB 2010) which, 
in turn, built on a number of previous taxonomies, 
including those of Costanza et al. (1997) and the 
Millennium Ecosystem Assessment (2005).
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Table 6 identifies 22 ecosystem services, divided into 
four broad categories:

  provisioning services, which include the production 
of food, water, raw materials and so on

  regulating services, which include air quality 
regulation, climate regulation, modification of 
extreme events, soil erosion prevention and so on

  habitat services, which include maintenance of 
habitats for a variety of species

  cultural and amenity services, including 
opportunities for recreation and tourism, 
inspiration and so on.

Key aspects of the ecosystem services approach

When considering the analytical application of the 
ecosystem services approach, four key points need to be 
taken into account.

Focus is on value to humans

First, the focus is on ultimate goods or services that 
people value: as in the broader economic approach, 
it is the values of people that are of interest. This is 
consistent with the surplus-based or WTP approach to 
R&D evaluation.

The value of ecosystem services may require 
combination with other inputs

Second, ecosystem services may generate values 
directly (through, for example, provision of use or 
non-use values) or may require combination with other 
(human-generated) inputs to provide ultimate value to 
people. This point is very often misunderstood in simple 

Table 4. The relationship between ecosystem functions 
and processes

Ecosystem function Processes

Primary production •	 Photosynthesis
•	 Plant nutrient uptake

Decomposition •	 Microbial respiration
•	 Soil and sediment food-

web dynamics

Nitrogen cycling •	 Nitrification
•	 Denitrification
•	 Nitrogen fixation

Hydrologic cycle •	 Plant transpiration
•	 Root activity

Soil formation •	 Mineral weathering
•	 Soil bioturbation
•	 Vegetation succession

Biological control •	 Predator–prey interactions

Source: TEEB (2010, table 2 .1a) .

Figure 12. The path from ecosystem processes to human values. Source: based on discussion in TEEB (2010) and 
Bateman et al. (2011).
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Table 5. Examples of relationships between biodiversity and ecosystem services

Component of biodiversity Example of ecosystem service

Genetic variability •	 Medicinal products

Population sizes and biomass •	 Food from crops and animals

Species assemblages, communities and structures •	 Habitat provision and recreation

Interactions between organisms and their abiotic environment •	 Water purification

Interactions between and among individuals and species •	 Pollination and biological control

Source: TEEB (2010, table 2 .1b),

Table 6. A taxonomy of ecosystem services

Main service types

Provisioning services

1 Food (for example, fish, game, fruit)

2 Water (for example, for drinking, irrigation, cooling)

3 Raw materials (for example, fibre, timber, fuelwood, fodder, fertiliser)

4 Genetic resources (for example, for crop improvement and medicinal purposes)

5 Medicinal resources (for example, biochemical products, models and test organisms)

6 Ornamental resources (for example, artisanal work, decorative plants, pet animals, fashion)

Regulating services

7 Air quality regulation (for example, capturing (fine) dust, chemicals etc .)

8 Climate regulation (including C-sequestration, influence of vegetation on rainfall etc .)

9 Moderation of extreme events (for example, storm protection and flood prevention)

10 Regulation of water flows (for example, natural drainage, irrigation and drought prevention)

11 Waste treatment (especially water purification)

12 Erosion prevention

13 Maintenance of soil fertility (including soil formation) and nutrient cycling

14 Pollination

15 Biological control (for example, seed dispersal, pest and disease control)

Habitat services

16 Maintenance of life cycles of migratory species (including nursery service)

17 Maintenance of genetic diversity (especially through gene-pool protection)

Cultural and amenity services

18 Aesthetic information

19 Opportunities for recreation and tourism

20 Inspiration for culture, art and design

21 Spiritual experience

22 Information for cognitive development

Source: TEEB (2010, table 1 .2) .
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applications of the ecosystems services approach. For 
example, fishing (or fish caught) is not an ecosystem 
service from the perspective of the fisherperson. Rather, 
the value from fishing comes from the combination 
of time, fishing gear and other inputs along with a 
combination of biophysical outcomes (ecosystem 
services), which may include fish in the water. The value 
of the ecosystem service is its marginal contribution to 
the overall fishing enterprise, not the value of the whole 
fishing enterprise itself. Thus, for example, the value 
of commodities produced using ecosystem services 
(such as frozen fish) is not the same as the value of the 
ecosystem service, as the former value includes the 
human inputs. If q = q(m,n) is a production function 
for some good, and m is a vector of human inputs and 
n is a vector of natural inputs (including ecosystem 
services), then the increment in q as a consequence of 
an increment in n (dq/dn) depends on the nature of the 
production function but, in principle, has a range of 
potential outcomes.

Some ecosystem services are final and some are 
intermediate

Third, some ecosystem services will be intermediate 
in the sense that they are not directly used or valued 
by humans, but are inputs to other ecosystem services 
that are. Final ecosystem services are those that directly 
enhance the welfare of at least one human beneficiary. 
Intermediate services are those that benefit humans 
only through their effects on other final services. For 
example, imagine that nutrient removal (such as in a 
wetland) leads to increased water clarity in a nearby 
lake; if water clarity is valued by adjacent households, 
then nutrient removal is not a final ecosystem service, 
rather water clarity is (see Johnston and Russell 2011).

This point was also taken up by the UK National 
Ecosystem Assessment, which used the final ecosystem 
services listed in Table 7.

Understanding underlying ecology

Fourth, the underlying ecology and biophysical 
responses behind ecosystem services may be very 
complicated. Limitations to valuation may be driven by 
limitations in understanding the underlying science. 
This implies that a primary focus of any research on 
the ecosystem impacts of agricultural R&D needs 
to focus substantively on the underlying biophysical 

responses. Only if these are correctly characterised 
will the subsequent valuation be relevant. For example, 
R&D may lead to an increase in water available in 
river systems, which may lead to an increase in fish 
populations and therefore a range of values for humans. 
The magnitude of the biophysical response from water 
flows to fish numbers is a crucial variable that must be 
understood before the valuation of the outcome can 
take place.

Identifying final ecosystem services and avoiding 
double counting

The risk of double counting in the valuation of 
ecosystem services has been a major research concern 
within this field in recent years.5 Research by Johnston 
and Russell (2011) proposed a series of tests to examine 
whether a particular ecosystem service is in fact a final 
service that can be appropriately valued. These tests are 
summarised in Figures 13 and 14.

Essentially, these tests involve:

  ensuring that the ecosystem service actually 
generates value to some user

  separating the value of the ecosystem service from 
the value of anthropogenic inputs to production

  making sure that the ecosystem service can be 
valued of itself (while holding other services 
constant)

  aggregating only those services that satisfy these 
tests.

The use of the ecosystem services concept for 
R&D evaluation

R&D evaluation requires a particular use of the 
ecosystem services concept. The objective is not to 
value total ecosystem services. Rather, it is to value 
the increment in ecosystem services that results 
as a consequence of the complex chain of actions 
that come about through the adoption of new 
knowledge, techniques or capacity generated through 
agricultural R&D.

5 See, for example, Boyd and Banzhaf (2007).
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Figure 15 identifies seven points in the broad chain 
of linkages from ecosystems to human wellbeing at 
which agricultural R&D may have an impact. Most 
of these (1, 3, 4 and 6) relate to the effects of adoption 
of R&D leading to changes in production techniques, 
while three of them (2, 5 and 7) relate to increases in 
information or changes in policy regimes.

Table 8 examines these potential impacts in more detail, 
while Table 9 relates them to a more ‘traditional’ listing 
of the effects of agricultural R&D on NRM outcomes.

Several key points emerge from Tables 8 and 9:

  where in the chain examination starts is likely to be 
determined on a case-by-case basis

  later impacts are usually related to impacts farther 
back in the chain

  there may be large knowledge gaps in many of these 
impact areas—broadly speaking, the underlying 
‘production function’ may not be as well known as 
necessary to understand full impacts

  there is considerable scope for R&D to lead to 
improvements in the knowledge base—both in the 
relationship between ecosystems and ecosystem 
services but also the valuation of these.

Linking benefits back to the original point in the process 
of generating ecosystem services makes the biophysical 
linkages very clear.

In moving from 1 to 2 to 3, there may be a great deal of 
scientific uncertainty.

Table 7. Final ecosystem services and corresponding goods: examples from the UK National Ecosystem Assessment

Final ecosystem servicea Principal related goods

Production of crops, plants, livestock, 
fish etc . (wild and domesticated)b

Food, fibre, energy, genetic resources, industrial inputs, fertiliser, avoidance of 
climate stress, recreation and tourism, physical and mental health, ecological 
knowledge etc .

Production of trees, standing 
vegetation and peatb

Timber, avoidance of climate stress, energy, noise regulation, recreation and tourism 
etc .

Production of wild species diversity 
including microbesb,c

Natural medicine, disease and pest control, genetic resources, wild food, bio-
prospecting, recreation and tourism, physical health, ecological knowledge etc .

Production of water quantityb,c Potable water, industrial use of water, flood protection, energy, recreation and 
tourism, physical health, ecological knowledge etc .

Regulation of the climatec Avoidance of climate stress, physical and mental health, ecological knowledge etc .

Regulation of hazards; related 
vegetation and other habitatsc

Coastal protection, erosion protection, flood protection, avoidance of climate 
stress, physical and mental health, ecological knowledge etc .

Breakdown and detoxification of 
wastec

Pollution control, waste removal, waste degradation, physical and mental health, 
ecological knowledge etc .

Purification processesc Clean air, clean water, clean soils, physical health, ecological knowledge etc .

Generation and maintenance of 
meaningful places; socially valued 
landscapes and waterscapesd

Recreation and tourism, physical and mental health, ecological knowledge etc .

Source: Bateman et al . (2011) .
a As noted previously, it may be necessary in some circumstances to combine other inputs (for example, manufactured capital) with final 

ecosystem services in the production of goods .
b ‘Provisioning’ services .
c ‘Regulating’ services .
d Cultural services . ‘Supporting’ services relate to primary ecological services .
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Figure 13. A structure for identifying ecosystem service value. Data source: Centre for International Economics, 
based on discussion in Johnston and Russell (2011).
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Figure 14. Testing which ecosystem services to use. Source: Centre for International Economics.
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Table 8. Pathways for R&D to impact ecosystem services

Output related Input related Knowledge or policy

Impact 1.

Impact of changes induced 
by R&D on underlying 
ecosystems themselves

Decrease in emissions 
of various kinds (smoke, 
chemicals, processing 
effluent) may directly 
affect the functioning of 
ecosystems .

Reduced withdrawal of 
resources from ecosystems 
(water, for example) will 
affect ecosystem function .

Impact 2.

Change in knowledge about 
the relationship between 
underlying ecology and 
potential ecosystem services

The relationship between 
ecosystems and potential 
ecosystem services is 
complex . R&D may 
improve basic scientific 
understanding of these 
relationships .

Impact 3.

Change in the ‘volume’ 
or ‘quality’ of ecosystem 
services

Increase in the volume 
of the ecosystem service 
(such as increased carbon 
sequestration) may result 
from production changes 
related to R&D .

Impact 4.

Improved productivity in 
the combination of capital 
and other inputs with 
ecosystem services

Increased production efficiency in the use of ecosystem 
services may result in releasing environmental resources for 
other uses .

Impact 5.

Increased understanding of 
the relationship between 
ecosystem services and 
human wellbeing

The link between 
ecosystem services and 
human wellbeing is an 
issue of ongoing scientific 
exploration .

Impact 6.

Direct increases in human 
wellbeing

Reduced emissions of 
various kinds may directly 
improve human wellbeing 
(reduced smoke for 
example) .

Impact 7.

Changes in policy broadly 
relating to ecosystems

Institutional structures 
and policies have a direct 
influence on the full 
ecosystem service chain .
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An example from forestry research

An analysis by Raitzer (2008) looking at the impact 
of research on the Indonesian pulp and paper sector 
by the Center for International Forestry Research 
provides an interesting example of valuing ecosystem 
services that change as a result of R&D. Raitzer’s results 
are summarised in Figure 16. Raitzer identifies three 
broad ecosystem services (water regulation, carbon 
sequestration and biodiversity) associated with indirect 
use values and existence values.

For the water regulation and biodiversity outcomes 
(indirect use value and existence value, respectively), 

unit values per hectare of forest are derived through 
benefit transfer from other studies. In this case, the 
simplest of the benefit-transfer approaches set out in 
Figure 11 is used.

In the case of carbon sequestration, the estimate for the 
unit price per tonne of carbon dioxide (CO2) is based 
on a conservative estimate of the marginal damage 
caused by each additional tonne, combined with some 
indication taken from market prices for carbon (in this 
case in the European Union Emissions Trading System).

Interestingly, depending on the scenario used, the value 
of carbon sequestration was between 66 and 90% of the 
total environmental values.

Table 9. Ways of thinking about R&D impacts

NRM research impacts from Zilberman and 
Waibel (2007)

Corresponding impact within ecosystem service framework 
(Figure 15)

1 . Improved productivity of natural resources 
for agricultural purposes (e .g . water 
conservation, soil and pest management)

Impact 4: increased efficiency with which ecosystem services are 
combined within the agricultural production function .

Given knowledge of the relevant production function, this impact is 
very similar to conventional yield or input efficiency improvements . 
There may be scientific uncertainty surrounding the nature of the 
production function, however .

2 . Improved production and natural resource 
systems for community use (e .g . fisheries, 
forestry)

Impact 3: increased availability of ecosystem services (particularly 
provisioning services), possibly arising through increased efficiency 
(impact 4) and possibly also underpinned by impact 1 (where the 
initial impact of the research may be felt) .

3 . Improved human and environmental health 
via reduced agricultural pollution (mitigating 
negative effects of agricultural chemicals and 
other emissions)

Impact 3 and 6, but underpinned by impact 1 .

Agricultural pollution may originally impact the underlying 
biophysical processes and structures (impact 1) or may work 
through the translation of ecosystem function to ecosystems services .

Reduced air pollution (from reduced stubble burning, for example) 
will also directly increase the availability of ecosystem services 
(impact 3) or may enhance the ability of humans to value these 
ecosystem services (impact 5).

4 . Increased availability of environmental 
amenities (with a particular focus on preserv-
ing traditional ways of life and enhancing 
ecotourism, such as through improved biodi-
versity and habitat preservation)

Impact 3, increased availability of ecosystem services, possibly 
underpinned by impact 1 .

Potentially also impact 6, direct impact on human wellbeing .

5 . Improved policies that govern NRM 
regimes (policy mechanisms for increased 
sustainability of natural resource use)

Impact 7, the relationship between human institutions and the 
availability of ecosystem services .

Source: Centre for International Economics’ analysis based on Zilberman and Waibel (2007) .
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Figure 16. Environmental values from forestry research. Data source: Raitzer (2008, table 4).
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5 Broad procedures

Key steps

Using the tools of economic valuation and ecosystems 
services to apply to the evaluation of agricultural R&D 
involves essentially three broad steps (Figure 17):

  identifying the project impacts within the space 
of ecosystem services and within the space of 
economic values

  estimating the response of the ecosystem services to 
the changes induced by the R&D

  valuing the estimated changes.

Information collection and analysis

Figure 18 sets out a proposed process for undertaking 
environmental and NRM impact analysis in more 
detail. It divides the analysis into seven broad steps 
and implicitly assumes that these are undertaken in 
conjunction with (or subsequent to) a standard impact 
evaluation.

Step 1 involves detailed analysis of the biophysical 
impacts of the R&D. That is, it involves:

  the identification process from Figure 17 as well as 
identifying the research impacts set out in Figure 15

  as is usually the case with impact assessment, these 
are the marginal or incremental impacts that occur 
as a consequence of the research

  in this sense, step 1 presupposes the usual process 
of identifying the difference between the ‘with’ 
and ‘without’ research outcomes and the usual 

techniques for identifying this in a real-world 
context apply.

Step 2 is closely related to step 1 and involves 
identifying the changes in (potential) ecosystem services 
that result from the R&D. Part of this identification 
includes identifying the sorts of values likely to be 
associated with the ecosystem services, including the 
crucial question as to whether any of the values are 
likely to be reflected in markets.

This question is further considered in step 3 which 
includes examining:

  institutions within the country under consideration

  any environmental payments or specific policies 
that may reflect preferences for particular outcomes

  markets for related products (as would be used, 
for example, in hedonic pricing or a production 
function approach).

Success in step 3 depends very much on the particulars 
of the country, commodity and production system 
under examination. Step 3 is crucial, however, in 
identifying potential sources of information on general 
attitudes to environmental trade-offs within the 
country concerned. While not necessarily as robust or 
targeted as information from special-purpose surveys, 
these surveys themselves could not be successful 
without a sound understanding of broad institutional 
arrangements relating to environmental matters.

If step 3 results in values that can be applied to the 
estimated change in the ecosystem service, then it may 
be appropriate to move directly to step 5. Otherwise, 
step 4 would be to collect data suitable for benefit 
transfer–based analysis, applied to the biophysical 
responses set out in steps 1 and 2.
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Because of the uncertainty associated with benefit 
transfer, this step needs to be treated with a great deal 
of caution. The initial application of benefit transfer (in 
step 5) should be considered as a means of exploring 
the potential order of magnitude of effects involved and 
using these to compare the environmental impacts with 
the conventional economic impact of the analysis.

Depending on the outcomes from step 5, step 6 involves 
deciding on whether to undertake more-detailed 
analysis of the non-market values of the changes in 
ecosystem services. There will be a number of factors to 
take into account here including:

  whether the potential values for the environmental 
impacts are ‘large’ relative to the other economic 
impacts of the research. For example, where the 
environmental impacts appear large relative to the 
other economic impacts, or where accounting for 
the environmental impacts would substantially 
change the net benefits from the R&D, there is 
a case for considering more-detailed analysis. 
Conversely, where the environmental impacts 
are small (relative to other economic impacts) 

the case for considering more-detailed analysis is 
not as strong;

  the resources available to devote to further analysis

  the prospects for success in undertaking further 
non-market valuation. This is particularly 
important in some partner countries where primary 
data collection through survey or other techniques 
is problematic or expensive.

Finally, step 7 involves the completion of the 
cost–benefit analysis. If the conclusion from step 6 was 
to undertake additional analysis of the non-market 
values of changes in ecosystem services, then step 7 will 
involve the completion of the appropriate non-market 
valuation studies (using, for example, the range 
of techniques set out in Section 3, and satisfying 
the conceptual constraints set out in Section 4). 
Appropriately estimated non-market values can then be 
placed alongside the market values generated as part of 
a conventional cost–benefit analysis. If the conclusion 
from step 6 was to not undertake additional non-market 
analysis, then step 7 involves proceeding directly to 
completion of the conventional cost–benefit analysis.

Figure 17. Key steps in environmental evaluation
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Figure 18. Information collection and analysis: proposed steps. Source: Centre for International Economics.
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6 Overview of potential 
environmental impacts of 
ACIAR projects

How many projects need environmental 
evaluation?

An initial scan of all ACIAR projects revealed 356 that 
could be considered to have NRM or environmental 
impacts in the sense discussed in this report. These 
356 projects then formed the basis of a more detailed 
consideration of the potential types of environmental 
impact according to the classification set out in Figure 
15 and Table 8.

Examination of the potential outcomes of these 356 
projects indicated that only some of them (260, or 73%) 
would be likely to require specialist environmental 
valuation. The remaining 96 projects, while containing 
broad NRM or environmental themes, could be assessed 
through traditional cost–benefit analysis (CBA).

Figure 19 summarises these findings for each broad 
program area:

  Agricultural Systems Management

  Fisheries

  Forestry

  Land and Water Resources

  Pacific Crops

  Soil Management and Crop Nutrition.

The projects that can be assessed through traditional 
CBA usually focus on raising and/or sustaining the 
productivity of on-farm practices. Such projects usually 

target individual landholders who receive private 
productivity benefits via NRM improvements. These 
changes can be valued in traditional markets.

An analysis of NRM and environmental impacts would 
be required if:

  on-farm changes involve an input or output for 
which there are traditionally no markets (such as 
for water)

and/or

  spillover impacts to other landholders or the 
community can be identified.

Figure 19 shows that forestry projects were almost all 
deemed as requiring an environmental or NRM impact 
assessment. This is due to the potential for forestry to 
have significant spillover impacts to the community 
from ecological services provided by trees, including 
to matters concerning carbon, salinity and biodiversity. 
These impacts cannot in part or in their entirety be 
internalised by landholders.

Research in fisheries (FIS) while having over 80% 
of projects with potential NRM impacts also has a 
significant component that may be measured through 
traditional CBA. The impacts from projects targeting 
producers of non-communal water resources, such 
as private fish farms, can often be dealt with through 
traditional CBA. However, even where such resources 
are managed exclusively and internalise a productivity 
benefit similar to a landholder raising the productivity 
of their crop, some research contains spillover benefits 
that require NRM impact assessment. For example, 
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many ACIAR projects promote the development of 
management plans to prevent and control diseases. In 
addition, some projects may result in NRM impacts 
when implemented on a wider scale. For example, this 
may apply to the development of alternative feed sources 
to arrest the decline in stocks of trash fish—an area that 
has received considerable attention in the past.

Pathways for R&D to impact ecosystem services

Table 10 summarises the allocation of impacts to the 
different impact categories. The number of impacts 
is greater than the number of projects because many 
projects were identified as potentially having two or 
more types of impact.

Figure 20 illustrates the composition of projects by 
classification. Projects often have several aspects to their 
research and, therefore, many impacts. Below we have 
grouped the distribution of impacts by the total number 
of classifications. The composition of impacts by type 
varies across the program areas, but they can be broadly 
categorised as follows:

  Impact 4 accounted for between one-third and 
two-thirds of all impacts identified (improved 
productivity in the combination of capital and other 
inputs with ecosystem services).

  Impact 3 consisted of up to one-third of all 
identified impacts (a change in the ‘volume’ or 
‘quality’ of ecosystem services).

  Impact 1 comprised up to 13% of all impacts 
(changes induced by R&D on underlying 
ecosystems themselves).

  On average, around 20% of impacts (range 13%–42%) 
were those from changes in policy broadly related to 
ecosystem services (impact 7). This included changes 
to institutional structures or capacity to have a direct 
influence on the full ecosystem service chain.

  Only 3% of impacts were attributable to changing the 
knowledge about the relationship between underlying 
ecology and potential ecosystem services (impact 2).

  Very few projects focused on impact 5 (increased 
understanding of the relationship between 
ecosystem services and human wellbeing).

  Very few projects concentrated on impact 6 (direct 
increases in human wellbeing). In reality, however, 
projects that affect the underlying ecosystems or 

Figure 19. Natural resource management or environmental projects reviewed by program category. Data source: 
Centre for International Economics, based on ACIAR documents. Note: ASEM, Agricultural Systems Management; 
FIS, Fisheries; FST, Forestry; LWR, Land and Water Resources; PC, Pacific Crops; SMCN, Soil Management and Crop 
Nutrition.
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Table 10. Classifications of impacts by program area

Impact ASEM FIS FST LWR PC SMCN Total

1 . Impact on underlying ecosystem 0 14 17 12 0 2 45

2 . Change in knowledge: ecology to ecosystem 
service

0 4 5 2 0 0 11

3 . Change in volume of ecosystem service 4 25 43 21 0 4 97

4 . Improved productivity in use of ecosystem service 6 44 56 36 8 18 168

5 . Increased understanding: ecosystem service to 
wellbeing

0 0 1 0 0 0 1

6 . Direct increase in wellbeing 1 1 1 2 0 2 7

7 . Changes in policy 8 35 10 22 4 4 83

Total impacts 19 123 133 95 12 30 412

Total number of projects 14 84 73 59 8 22 260

Impacts (number) recorded per project  1 .4  1 .5  1 .8  1 .6  1 .5  1 .4  1 .6 

Source: Centre for International Economics .

Note: ASEM, Agricultural Systems Management; FIS, Fisheries; FST, Forestry; LWR, Land and Water Resources; PC, Pacific Crops; SMCN, Soil 
Management and Crop Nutrition .

Figure 20. Distribution of impacts by program area. Source: Centre for International Economics. Note: ASEM, 
Agricultural Systems Management; FIS, Fisheries; FST, Forestry; LWR, Land and Water Resources; PC, Pacific Crops; 
SMCN, Soil Management and Crop Nutrition.
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the quantity, quality or productivity of ecosystem 
services may increase human wellbeing as an 
outcome rather than a focus of the research.

Many projects may have links to, or be components of, 
impact 2. For instance, in forestry, the impacts of many 
projects fall into 1, 3 and 4 but there may be elements of 
research undertaken to improve knowledge about the 
relationship between underlying ecology and potential 
ecosystem services (impact 2). However, the principal 
focus of research is usually on the application of existing 
knowledge or development of new technologies; for 
instance, to improve productivity in the combination 
of capital (such as seedlings) and other inputs such as 
labour, with ecosystem services (impact 4).

Frequency of impact by project

Figure 21 presents this information in a slightly different 
manner, showing the percentage of projects that display 
each impact, by program area. For example, the results 
in Figure 21 show that, in almost 60% of cases, ASEM 
research projects with NRM impacts are expected to 
have resulted in impact 7: improved policy-making and/
or institutional capacity.

Figure 21. Percentages of projects categorised as displaying impacts 1 to 7. Source: Centre for International 
Economics. Note: ASEM, Agricultural Systems Management; FIS, Fisheries; FST, Forestry; LWR, Land and Water 
Resources; PC, Pacific Crops; SMCN, Soil Management and Crop Nutrition.
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7 Conclusions

It is clear that environmental and NRM impacts are 
important for a large number of ACIAR-funded projects 
spanning a range of program areas.

Evaluating these impacts may require specialist 
valuation techniques in conjunction with technical 
understanding of the underlying biophysical 
relationships that determine ecological outcomes.

It also clear that environmental valuation may involve a 
degree of complexity beyond that commonly captured 
in impact assessments. While impact assessments 
often involve careful analysis of production techniques, 
the construction of market models and, potentially, 
the disentanglement of distorted market prices, the 
incorporation of environmental impacts could involve 
all of these plus additional overlays of complexity.

The R&D concerned may influence a range of potential 
ecosystem services that interact in a variety of ways to 
generate human wellbeing. Importantly, rather than 
distorted markets prices, the analysis may involve 
a complete absence of markets, creating particular 
challenges in deriving the economic welfare effects 
of R&D outcomes. Techniques to derive values in the 

absence of specific markets are either data intensive 
or require extensive primary survey analysis; often 
expensive in its own right.

It will be important to carefully evaluate the gain 
from specialist valuation exercises in the context of 
the overall expected benefits from the project. Where 
environmental benefits are expected to be a very small 
share of total project benefits, extensive survey or other 
analysis may not be warranted (and more limiting 
procedures such as benefit transfer may be appropriate).

Where environmental benefits are a significant 
proportion of project benefits, or where there are 
concerns of that a project might have environmental 
costs, then the case for specialist evaluation becomes 
much stronger.

In any case, growing interest in environmental 
impacts (as evidenced by national-level ecosystem 
service assessments), along with steady developments 
in analytical techniques, mean that ACIAR is well 
place to make comprehensive strides towards further 
understanding of the environmental impacts of the 
projects it funds.
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