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Highlights  

 Evidence about the benefits to society from research is increasingly 

demanded 

 Economic models to evaluate the benefits of research exist but have not 

been applied to environmental research 

 We outline a framework for estimating the benefits of policy-oriented 

environmental research 

 Key elements include defining the counterfactual, time lags and valuing the 

benefits 
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 Applications to environmental research are especially challenging because 

the research users are policymakers  

 There are many elements in the chain from research to environmental 

outcomes  

Abstract  

Environmental and conservation scientists are increasingly being asked to justify 

their work in terms of benefits to society. This article describes economic theory for 

conceptualizing the benefits from environmental research, and provides a 

framework for estimating those benefits. In particular we discuss the evaluation of 

environmental science that is intended to benefit society through informing policy 

decisions. The chain between environmental research and its benefits through policy 

change includes at least four links: the research itself, policy change, behavior 

change and environmental change. Each of these four stages presents challenges 

and entails time lags. If any link fails, the chain breaks. The standard economic model 

of supply and demand, which is used to quantify benefits from research into market 

goods, can be adapted for application to environmental goods. Improved 

conceptualization and measurement of benefits from environmental research would 

assist environmental scientists to: (1) select research topics that are likely to deliver 

large environmental benefits; (2) design their research in a way that will increase its 

relevance, usefulness and potential impact on policy and, ultimately, the 

environment; and (3) make the case for funding particular research proposals. It 

could assist research agencies or research funders to: prioritize proposed research; 

make a case for increased funding for environmental research; and identify obstacles 

to the translation of research into environmental impacts, allowing attention to be 

focused on addressing these bottlenecks. 
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Introduction 

Little is known about the returns to investments in environmental research. 

Governments are requiring greater accountability, and some research funders are 

requiring information about research benefits to be provided in research proposals, 

but a coherent framework for evaluating the benefits resulting from environmental 

research is lacking. 

Literature on the economics of research provides detailed guidance on how to 

estimate the benefits generated by research, and shows that typical rates of return 

on research investments in some fields are high (e.g., Alston et al., 2000; Productivity 

Commission, 2007; Hurley et al., 2014). However, existing methods are best 

developed for research that leads to reduced cost and thereby increased profit for 

commercial firms, or benefits to buyers from improved products or lower purchase 

prices (e.g., Alston et al., 2010; Hall and Rosenberg, 2010), or both. Research that is 

intended to provide “non-market” benefits—through the provision of environmental 

goods that are not fully priced in market transactions—is more difficult to evaluate, 

particularly if the target audience is policymakers (e.g., see Pardey and Smith, 2004). 

Few publications on the evaluation or prioritization of environmental research (e.g., 

Guidotti 1995; Wu and Hobbs, 2002; Spilki and Tundisi, 2010; Bell et al., 2011; 

Sutherland et al., 2011) make use of the extensive literature on the economics of 

research (Ferraro and Pattanayak, 2006).  

The main objective in this paper is to identify and discuss principles, concepts, and 

methodological approaches for estimating benefits from environmental research, 
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with a particular focus on policy-oriented research. In doing so, we use theory and 

evidence from existing literature, particularly in agricultural economics; we describe 

conceptual models of the mechanisms through which benefits arise from policy-

oriented environmental research; and we discuss the range of information required 

to estimate the benefits, and how that information can be combined to provide 

meaningful estimates of the benefits.  

 

Challenges in valuing benefits from environmental research 

That environmental research can generate benefits through improving policy seems 

obvious. Major environmental agencies around the world employ researchers, fund 

external researchers, and emphasize the importance of considering research results 

in policy. Examples of environmental issues where research appears to have played a 

role in prompting new policy or shaping changes in existing policy include global 

climate change (Manabe and Wetherald 1967), ozone pollution (Farman et al., 

1985), management of renewable natural resource stocks such as fisheries (Smith et 

al., 2008), water pollution (Doole and Romera, 2015), soil conservation (Mitchell et 

al., 2016) and conservation of marine biodiversity (Possingham et al., 2009). 

However, quantitatively estimating the benefits that have resulted from the research 

that influenced these policies remains difficult, even when evaluating completed 

research.  

To estimate the benefits from any type of research, a key challenge is the 

“attribution” problem: the difficulty of determining the contribution of particular 

research investments to a real-world outcome. Part of the difficulty arises because 

we have to estimate benefits from research as the difference between two 

scenarios: outcomes that occur with the research versus outcomes without the 
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research (the “counterfactual” – Ferraro, 2009; McConnachie et al., 2016). Even if 

the research has already been undertaken and the results are known and in use, at 

least one of these scenarios – the second – is not observable. We have to estimate 

what would have been different if the research had not been undertaken. If the 

evaluation is of research that is yet to be conducted (e.g., to assist with setting 

research priorities), then even the results of the with-research scenario have to be 

predicted, adding further to the attribution problem. The challenge includes 

predicting what the research will yield, in terms of knowledge about the world, as 

well as how that new knowledge might be used in policy, and what the 

consequences of that use might be, allowing for the behavioral responses of diverse 

individuals. 

Defining these scenarios (with research and without research) is made more difficult 

because research time lags are long and uncertain, and many changes occur in 

tandem. Typically, applied research takes years, perhaps decades, before it yields 

useful results that can be adopted. The adoption process itself then takes time as 

managers learn about the innovation and how to make it work best in their specific 

contexts. The effects of that adoption may persist for many years. For example, 

Alston et al. (2010) found that aggregate U.S. public agricultural research and 

extension had little effect on farm productivity within the first 10 years, and reached 

its maximum impact with a lag of 24 years, with residual impacts detectable beyond 

40 years. Notably, these long time lags are predominantly for research that 

generates private benefits for the adopters. For environmental research, the lags 

may be even longer because the intended research users may lack the incentive to 

adopt, or face political barriers to adoption.  

Whether evaluating research after its effects have fully unfolded, or anticipating 

future effects from research that may not have been done yet, it is necessary to 

make estimates of various parameters (see, e.g., Alston et al., 1995): (1) the costs 
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attributable to the particular research investment (and to the associated adoption 

process if additional resources are required for that); (2) the time path and extent of 

adoption and use of the research results; (3) the magnitudes of the impacts on 

outcomes of interest (e.g., environmental conditions, costs) with adoption of the 

research results compared with a well-defined counterfactual without-research 

scenario; (4) the values associated with the changed environmental conditions 

attributable to the research, and (5) the benefits or costs of any side-effects of the 

changes resulting from the research investment. 

In the case of policy-oriented environmental research, these challenges are 

exacerbated for at least two reasons. First, the benefits typically cannot be observed 

in market transactions. Second, the “adopter” of the research results is a 

policymaker or policy administrator rather than a commercial firm, so we usually 

cannot observe “adoption” as such. We may observe a policy change but we typically 

do not know whether we can ascribe it to a particular cause. In short, in addition to 

the general challenges in research evaluation, evaluating policy-oriented 

environmental research is especially problematic because of difficulties in ascribing a 

particular policy change to a particular research investment, estimating the 

consequential changes in environmental outcomes, and assigning a monetary value 

to them. 

If the aim is to estimate the benefits that will arise from research that has not yet 

been conducted (ex ante research evaluations—as opposed to ex post evaluations 

conducted after the research has been completed), the difficulties are further 

increased. Importantly, research is an inherently risky business whose results cannot 

be known in advance. Many research projects will not yield information that is 

pertinent for policy decisions. We may know little about the time it takes to generate 

research results or the time it takes for those results to influence policy decisions 

and to see those decisions implemented. Looking forward 20 years or more, we have 
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considerable uncertainty about the economic, environmental, social and political 

context in which policy changes will take effect. This uncertainty extends to the 

potential consequences of a policy change (presuming it does happen), the size of 

any adverse or favorable side-effects, and the counterfactual against which it should 

be compared. 

The role of research-based knowledge in the policy process 

We envision a policy process in which research plays a role by generating 

information that can change public or policymaker perceptions about the alternative 

policies and consequently can influence the policy choice. Our focus is on research 

that changes perceptions leading to altered policy decisions.  

Suppose that various policy options are available for managing an environmental 

issue. The options may differ in their budgetary implications, policy mechanisms, 

spatial targeting, or approaches to policy implementation, as well as their 

effectiveness in managing the issue. Information obtained from research about their 

attributes influences which of the policy options is perceived to be superior. The 

comparison of the performance of the policies is based on perceptions and involves 

uncertainty, although probably less uncertainty than there would be without the 

research. 

In the absence of research, a particular policy option would be chosen by policy 

makers. If the research project is conducted and yields policy-relevant information, it 

may lead policy makers to choose a different policy option. If the policy choice does 

not change, the research generates no benefits via this route, although it may do so 

in other ways. For example the new, research-based information may influence how 

people act in the presence of a given policy (e.g., the extent to which they comply 
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with the policy), which could change the environmental outcomes even without 

changing the policy.  

There are various possible mechanisms through which research could lead to a policy 

change. Most obviously, it could directly influence the perceptions of policymakers 

about the need for a policy, or the relative merits of the policy alternatives. It could 

generate technologies that make a policy more feasible or less costly, causing policy 

makers to switch from opposition to support for that policy. Alternatively, it could 

motivate people to advocate for policy change, thereby influencing policy decisions.  

If the policy choice does change as a result of the research, the environmental 

benefits equal the community’s value of the difference between environmental 

outcomes under the without-research policy, and the outcomes under the with-

research policy. This framework is essentially a Bayesian-style value-of-information 

analysis, long-established in economics and recently growing popular in applied 

ecology (e.g., Maxwell et al., 2015).  

This description of the conceptual framework is silent about how research influences 

perceptions about the policies, how policy choice leads to particular environmental 

benefits, and the role of uncertainty. Every part of this system is characterized by 

significant uncertainty on the part of the policy analyst and the decision-maker, in 

part because we cannot observe at least one of the scenarios (with or without the 

research), and because the policy process is often complex and contested. Therefore 

the environmental values and research benefits are best described by probability 

distributions, representing the probabilities of different potential outcomes. 

A key point highlighted by the framework is that all research evaluations entail 

comparing scenarios with and without the research in question. In an ex post 

assessment of completed research, one of those scenarios exists and can be 

observed—in terms of both the research investment and (perhaps) the policy 
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decision—and the other is a hypothetical counterfactual alternative. In an ex ante 

assessment of proposed research, both scenarios are hypothetical. Whether the 

evaluation is ex post or ex ante, the main conceptual and measurement issues lie in 

predicting the different outcomes associated with alternative scenarios, ascribing a 

value to the differences, and assessing the share of that value attributable to 

research.   

The chain from research to environmental changes 

The links between environmental research and a policy decision are complex. We 

identify four stages in the process that may be thought of as forming a chain: 

research, policy decision, behavior and environmental conditions (Figure 1). The 

influence of research needs to be traced through each link in the chain. The 

existence of multiple stages (and potentially feedbacks between them) means that 

benefits are not just difficult to estimate, but can be difficult to achieve. The process 

can fail at any of the stages, resulting in failure of the research to deliver benefits. 

Here we discuss each of the stages, and outline the information required at each 

stage to estimate the benefits from research. For simplicity, Figure 1 portrays 

outcomes at each stage as binary; in reality each is a continuum. 
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Figure 1. The chain from research to environmental changes. 

 

Research stage 

If the evaluation is being conducted after the research stage has been completed, an 

initial task is to identify the extent to which the research has generated relevant new 

information that has the potential to change policy decisions or their consequences. 

If the research has yet to be completed, the task of identifying the information 

outputs from the research has additional elements. Firstly, the information to be 

generated cannot be known, only anticipated. In principle, guided by Bayesian 

decision theory for calculating the value of sample information (Anderson et al., 

1977; Canessa et al., 2015), we could anticipate a range of possible research results 

and assign to them subjective probabilities of the research generating each possible 

result.  
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A number of factors should be considered when predicting or estimating the 

production of relevant information from the research. What policy-relevant 

information has arisen or is likely to arise from the research? In the case of ex ante 

assessments, what is the likelihood of the research generating the information 

anticipated by the researchers, considering researcher track record, researcher 

motivations, institutional support, available resources, and the anticipated difficulty 

of the research? 

We would need to estimate the time lag until delivery of useful information. Shorter 

time lags in both the research and adoption phases are potentially beneficial for 

three reasons: (1) further environmental degradation is prevented; (2) benefits are 

generated over a longer time period; and (3) benefits are generated sooner (Pannell 

and Schilizzi, 2006).  

The latter point is important because of the impact of time on benefits and costs. 

Economists use discounting to allow valid comparisons between benefits and costs 

that occur at different times (Gollier, 2013). Among several accepted rationales for 

discounting, the following two are most important: (1) resources invested in a 

project have an opportunity cost – they could have been invested in something else 

(e.g. a bank deposit or health services) to generate alternative benefits; (2) many 

people exhibit “pure time preference,” meaning a preference for benefits sooner 

rather than later (irrespective of the opportunity cost issue). A consequence of 

discounting is that time lags in the generation of benefits from research result in 

those benefits being reduced in present-value terms, particularly for longer time 

lags. For example, assuming a 5% discount rate, a benefit realized in 30 years is 

worth about one-fifth of the value of the same benefit realized today. 
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Policy-decision stage 

Having identified the new information arising from the research (or the probability 

distribution of potential new information in the case of future research), the next 

step is to identify or predict the extent and timing of policy change. Two aspects are 

relevant: change in stated policy (which might itself prompt some behavior change), 

and effective implementation of the new policy. It is necessary to identify future 

policy for both the with-research and without-research scenarios.  

The time lag between the completion of the research and the occurrence of the 

policy change affects benefits in the same ways as described earlier for the research 

lag. In some cases, the policy-change lag is brief. For example, research contributed 

substantially to the design of a system of no-take areas in the Great Barrier Reef 

Marine Park, with the new system being implemented within a few years (Fernandes 

et al., 2005). In contrast, the first study on the causes of salinization of non-irrigated 

land in Western Australia was published in 1924 (Wood 1924). Over subsequent 

decades, a great deal of additional research was done on salinity, its impacts and its 

management, but it was not until 1996 that government established and resourced a 

cohesive policy (Beresford et al., 2001). The duration of the policy change prompted 

by the research will also affect the benefits of the research. For example, Australia’s 

carbon tax, whose introduction in 2012 was attributable to the global research effort 

on climate change (IPCC, 2014), lasted only two years before being repealed 

following a change of government.  

Information is needed about the extent to which an observed or predicted policy 

change can be attributed to particular research. It can be difficult to determine this 

when other research results vie for attention, or when policy decisions are 

influenced by factors other than research-based information. The environmental 

policy process is complex and hard to predict, and this affects the influence that 
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research can have on policy decisions. Beyond the information provided by 

researchers, policymakers will probably “consider additional factors, such as legal 

mandates, societal desires, economic benefits and costs, rights, distributional equity 

and procedural fairness” (Pannell and Roberts, 2009 p.1089) as well as political 

strategy.  

At the point in time when a policy change is being made, ‘‘policy generally moves 

faster than science, and the capacity of science to provide information may require 

more time than policymakers are willing to accept, especially for politically hot 

issues’’ (Clark et al., 1998, p. 9). On the other hand, in between major episodic policy 

changes there may be gaps of years or decades, and policy may lag behind the 

release of research results. Moreover, the research-based (scientific) knowledge that 

is available to policymakers today is derived from basic and applied research 

undertaken over many past years or decades, such that, of necessity, policy lags 

behind relevant research effort (Alston et al., 1995, 2010).  

Policymakers often rely primarily on locally based experts who they know and trust 

(e.g., Feldman et al., 2001), and researchers who are not in this familiar group may 

find it difficult to have access and influence. Policymakers may be suspicious of the 

motives of researchers, and treat them as a lobby group. This may be exacerbated by 

some researchers acting as policy advocates (Pielke, 2007). Communication by 

researchers may be poor because the material is too complex or uses too much 

jargon or mathematics, or is located only in research journals that policymakers do 

not read (Pannell, 2004). Finally, policymakers may lack the capacity to understand 

scientific advice, a problem that is sometimes worsened by rapid turnover of policy 

staff.  

Policy is also often influenced by lobbyists and interest groups, who may dispute 

scientific findings that imply policy decisions that conflict with their interests ( 
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Jasanoff, 1987). Where an environmental issue is politically contested, the contest 

may include conflicting scientific arguments and evidence being put forward by 

different groups of scientists (championed by competing interest groups). This 

reduces the probability of any particular set of research results having a decisive 

influence on policy. 

There are various factors to consider when predicting potential policy change arising 

from research (e.g., Dunlap et al., 2001; Schlager and Blomquist 2008; Seymour et 

al., 2008; Mills et al., 2013) including: (1) the extent to which the objectives of the 

potential adopters (i.e., policymakers and those responsible for policy 

implementation) include environmental protection or enhancement; (2) the capacity 

of adopters to interpret research results and/or to implement policy changes; (3) 

likely public support for the changes; and (4) the complexity and cost of policy 

changes suggested by the research – simpler or cheaper policies are more likely to 

be implemented. Beyond policy change, the benefits actually delivered depend on 

the likelihood that the new policy will actually be implemented.  

Finally, in estimating the net benefits from research that influences policy, it is 

necessary to account for the transaction costs of changing policy (McCann et al., 

2005). These include administrative costs, legal costs, and the costs of delivering 

public programs. These costs must be estimated with and without the research, with 

the difference being attributable to the research.  

Behavior stage 

Assuming that the research does lead to a policy change, in many cases the benefits 

will depend on the behavior of people involved in managing the relevant 

environmental assets, or managing other resources that have impacts on the 

environmental assets. These people may or may not respond to the policy in the 

intended ways. A great deal of research has investigated the determinants of 
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behavior change, especially by landholders (e.g., Feder and Umali 1993; Pannell et 

al., 2006; Knowler and Bradshaw, 2007). This research highlights the complex nature 

of behavior change, with numerous variables coming into play in different cases. 

Again, predictions of behavior are needed with and without the research.  

A related issue is the enforcement of policies that place obligations on people to 

take actions that benefit the environment or refrain from actions that harm it. If 

these policies require behaviors that people would not otherwise choose, then a 

commitment to enforcement can be critical.  

A time lag is likely between policy implementation (or sometimes policy 

announcement) and behavior change, and should be factored into the evaluation of 

benefits. Evidence about time lags in adoption of new practices in agriculture shows 

considerable variation. Practices that are simple to adopt and highly profitable (such 

as Roundup Ready crops) are often adopted rapidly – in some cases most growers 

will adopt within a few years (e.g., Khan, 2015). Other practices that are more 

complex or less profitable or have other disadvantages (e.g., requiring local 

adaptation) may take much longer, potentially several decades (Alston et al., 1995, 

2010). Where potential adopters are concerned about environmental outcomes, 

they will be more likely to adopt a practice when the benefits are readily observable 

and tangible to adopters (McCann et al., 2015). 

The attribution problem recurs here in a different form: observed changes in 

behavior may or may not be attributable to a policy change. Behaviors change 

regularly in response to non-policy factors, such as price changes, new technologies 

(not generated by the research being evaluated) or new information. It can therefore 

be difficult to discern the effects of policy from the mix of influences.   

Factors to consider when predicting behavioral responses to policy include: (1) the 

values, objectives and motivations of the particular people that the policy is 



 16 

intended to influence; (2) the characteristics of the specific new practices that the 

people are meant to adopt; (3) the favorability or unfavorability of the new 

practices, from the perspective of those people, with and without the policy; and (4) 

costs associated with the behavior change, including costs to government of 

promotion or enforcement, and costs imposed on private individuals as a result of 

enforcing a regulatory policy (Ban et al., 2013; Kuehne et al., 2017).  

Behavior change also depends on the policy mechanisms used. Mechanisms based 

on persuasion or provision of information depend on the new behaviors or practices 

being sufficiently attractive to informed people that they are adopted voluntarily 

(Pannell et al., 2006). Mechanisms involving incentive payments or subsidies can 

prompt adoption of practices that would not otherwise have been accepted 

voluntarily, their effectiveness depending on the level of payments and on how 

unattractive (e.g., costly) the practices are. A regulatory mechanism (e.g. a ban on 

clearing vegetation) may or may not be complied with, depending on the cost of 

compliance, the likelihood of non-compliance being detected and the violator being 

fined, the expected magnitude of a fine, perceived fairness of the regulations, and 

societal acceptance of violations (e.g., Boakye, 2018).  

Environmental-conditions stage 

The changes in behavior induced by the policy change are intended to result in 

improvements in the condition or security of the relevant environmental assets. 

Even if the changes in policy and behavior were known with certainty, determining 

the nature and extent of physical changes in the environment can be challenging. For 

some issues, bio-physical models are available to assist with this task. For example, 

Beverly et al. (2011) show predicted changes in the extent of land salinization in 

south-eastern Australia as a result of changes in land management. However, cases 

with such strong evidence are relatively rare, particularly for issues related to 
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biodiversity, threatened species, and vegetation. Often, little or no research results 

are available on the relationship between management and environmental 

outcomes, so the best available information is that derived from expert judgments 

(Yamada et al., 2003; Czembor and Vesk, 2009). In such cases, uncertainty about the 

relationships is unavoidably great.  

It may be necessary to estimate a time lag between action and consequence. For 

example, the mechanism by which environmental benefits are generated may be the 

planting of trees to contribute to the restoration of habitat. The full environmental 

benefits from this strategy will not be realized until after the trees have matured, 

which, depending on the environment and the tree species, may take decades to 

centuries (Vesk et al., 2008). Similarly, in seven of the eight cases studied by Beverly 

et al. (2011), the estimated response time of groundwater (and therefore salinity) 

following a management change was between 40 and 94 years. Such time lags 

contribute to the overall lag between research and benefits, reducing the benefits in 

present-value terms.  

Figure 2 illustrates the above four stages, with two scenarios representing what may 

happen to environmental conditions with research. In scenario (a), research-induced 

policy change results in a slowing in the decline of an environmental asset, but fails 

to halt the decline in its condition. For example, conservation policies have helped 

curb deforestation rates in the Brazilian Amazon, though rainforest continues to be 

lost (Assunção et al., 2015). Scenario (b) shows the outcome for research leading to a 

policy change that restores the environment to pristine or near-pristine conditions. 

This might apply to the original research into depletion of the ozone layer (UNEP, 

2016). Both scenarios depict time lags owing to the research itself, policy decision 

making, policy implementation, behavior change and physical environmental 

change, reinforcing the earlier observation that the combined lags can be long. Of 
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course there are many other possible patterns for environmental conditions, both in 

the with- and without-research scenarios. 

 

 

Figure 2. Hypothetical with-research and without-research scenarios showing two 

types of with-research scenarios, (a) and (b), and the various time lags prior to 

commencement of environmental improvement. In both cases, research commences 

at time zero.  

 

Valuation of benefits from the improved environmental 

conditions 

The analysis outlined in the previous section provides an assessment of the likely 

extent of change in environmental conditions or the quantity of an environmental 
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good that will result from the research in question, potentially expressed 

probabilistically. The next step is to convert those changes into quantitative 

measures of benefit to the community.  

The benefits derived from particular goods and services (including environmental 

goods and services) are context-sensitive. Relevant contexts for environmental 

research include: (1) the number of people who utilize or care about the 

environmental asset; (2) the nature and intensity of environmental appreciation; and 

(3) the availability of similar environmental assets that might serve as substitutes. To 

illustrate the latter point, conservation of 100 individuals of a highly-threatened 

species would likely be seen as more beneficial than conservation of 100 individuals 

of a widely-abundant species. This intuition of a negative relationship between 

abundance and marginal benefits (the change in benefit from a small, or marginal, 

change in quantity) is strongly supported by empirical evidence (e.g., Bateman et al., 

2005). 

Most evaluation of research relates to market goods, for which valuation is relatively 

tractable, involving application of the standard economic framework based on 

market prices for the good and market supply and demand curves. In the case of 

environmental research, however, some of the important goods are not traded in 

markets, and so require different estimation methods. Nevertheless, standard 

economic frameworks for estimating values based on supply and demand models 

are applicable to environmental public goods, at least conceptually. Our framework 

excludes benefits related to utility from the gaining of knowledge per se (e.g. please 

from knowledge itself). We do not imply that such knowledge lacks value – merely 

that our framework is not suitable for estimating its value. 

The market demand curve for a traditional economic good provides the relationship 

between the quantity of a good consumed and its marginal benefit (MB). For an 
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environmental good that is not traded in a market, we cannot directly observe a 

demand curve but we may be able to estimate the equivalent relationship between 

quantity available and marginal benefit, aggregating the benefits of all types across 

the whole community. A negative relationship between marginal benefit and 

abundance means that environmental “demand” curves slope down (Figure 3). 

 

 

Figure 3. The “market” for an environmental good. The net benefit from providing 

quantity QLow of the environmental good is area a: the difference between the areas 

under marginal benefit and marginal cost. Q* is the quantity that maximizes the net 

benefit. Area b is the gain in net benefits if quantity is increased from QLow to Q*. 
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There is also the environmental equivalent of a market supply curve. It is the 

relationship between the quantity of the environmental good and the marginal cost 

(MC) of providing that quantity, incorporating all types of costs borne by all players, 

including governments. Environmental “supply” curves almost always slope up 

because it is increasingly expensive to incrementally increase the availability of an 

environmental good (e.g., Roberts et al., 2012; Hajkowicz et al., 2008) (Figure 3).  

Assuming we know the marginal benefits and marginal costs of providing different 

quantities of an environmental good, we can use this information to measure the 

aggregate net benefits to society for any quantity of the good. Figure 3, which 

combines the two curves onto one graph, looks like the standard model of supply 

and demand in a market, although there is no market in this case.  

Suppose the existing quantity of the environmental good is QLow. For reasons 

explained in any microeconomics text (e.g., Nicholson and Snyder, 2011), a measure 

of the aggregate benefits from experiencing QLow units of the environmental good is 

the area below the MB curve up to the quantity QLow. Similarly, the cost to society of 

supplying QLow units of the good is the area below the MC curve up to the quantity 

QLow. The benefits are experienced by whoever cares about this public good, while 

the costs may be borne by government—effectively by “taxpayers”, who bear a 

share of the costs regardless of whether they personally benefit from the 

environmental good—or by businesses or individuals. Subtracting costs from 

benefits, the net benefits from QLow units of the environmental good equal the area 

a.  

Environmental research can yield benefits in the context of this model through three 

mechanisms. Firstly, research can yield information that equips the government to 

better determine the optimal quantity of the environmental good that should be 

provided. For instance, in Figure 3, research that allows the government to realize 
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that quantity Q* is superior to QLow, and consequently to take action to increase the 

provision of the environmental good to Q*, would generate additional net benefits. 

The net benefits from the increase in Q would be equal to area b (counting just the 

benefits to demanders and the costs to suppliers of the good, not counting the costs 

of the research or the process of changing policy to bring about that increase in Q). 

The net benefits from better identifying Q* depend on the shapes of the MB and MC 

curves, on the quantity that would be supplied without the research (i.e., QLow in the 

above example), and on the ability (and willingness) of the government to raise that 

quantity to match Q*. 

A second mechanism entails research-induced reductions in the cost of providing the 

environmental good. Research can yield information that enables the environmental 

good to be provided at lower cost, or for more of the good to be provided at a given 

cost. For example, Doole et al. (2013) present a model that identifies least-cost 

combinations of practices to provide a given reduction in nutrient and sediment 

pollution in an Australian waterway. Polasky et al. (2001) modeled the optimal 

location of biological reserves to maximize environmental benefits for a given budget 

in Oregon.  

As shown in Figure 4, this type of cost-reducing research leads to a shift in the MC 

function from MC0 to MC1. This implies an increase in the optimal quantity of the 

environmental public good from Q0* to Q1*. Because the environmental good is now 

cheaper to provide, it is optimal to have more of it. The net benefits from the 

reduction in marginal costs in this case are measured as the area g + h (assuming 

that the government does adopt the research result and, as a result, acts to increase 

the quantity of the environmental good provided from Q0* to Q1*).  

An extreme version of this second mechanism is where, in the absence of research, 

we don’t know how to provide the environmental good at all (e.g. research to 
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develop methods for captive breeding of a critically endangered species) – 

effectively its cost is infinite. Research that provides information on how to provide 

the good can be interpreted as reducing its marginal cost of provision, and thus 

increasing its optimal quantity supplied from zero to a positive quantity.  

A third mechanism by which research may generate benefits is through provision of 

information that allows better decision-making about which environmental goods to 

invest in. Commonly, the total funding available in government programs is not 

sufficient to resource all beneficial environmental projects. Research that allowed us 

to estimate the marginal benefits and marginal costs of providing different 

environmental outcomes could be used to improve estimates of the benefits for 

each available project, which would help us to better prioritize our overall portfolio 

of environmental investments (e.g., Gibson et al., 2017).  
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Figure 4. A research-induced decrease in the marginal cost of providing an 

environmental good potentially generates benefits equal to the area g + h. MC0 is 

the marginal cost of providing the environmental good without the research, MC1 is 

the marginal cost with the research, area g equals the net benefits from the research 

if quantity remains at Q0* and area h equals the additional net benefits if quantity is 

adjusted to Q1* as a result of the research-induced cost reduction.  

 

Although the framework outlined above has been widely used to estimate the 

benefits from research in various sectors, its application to environmental research is 

hampered by the difficulty of observing the marginal cost and marginal benefit 

functions for environmental goods. Economists have developed a range of methods 

for estimating non-market values as dollar values, including choice experiments 
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(Adamowicz et al., 2014), contingent valuation (Alberini and Kahn, 2006), hedonic 

pricing (Baranzini et al., 2008) and the travel cost method (Willis and Garrod 1991). 

Each of these methods has different strengths and weaknesses (Bennett, 2011), and 

some are limited to estimating particular types of non-market benefits. In the 

absence of a market, estimating marginal cost requires detailed analysis of the costs 

associate with providing different levels of the good.  

Conclusion 

Estimation of the benefits of policy-oriented environmental research requires 

judgements about a range of variables, including: (1) the new information 

generated; (2) the likely extent of policy change resulting from the new information; 

(3) the likely extent of environmentally beneficial behavior change resulting from the 

policy change; (4) the likely environmental changes and other changes that will 

result from the predicted behavior change; (5) the value or importance of the 

anticipated environmental changes and other changes; and (6) the time lags involved 

in research, and the consequently induced policy change, behavior change, and 

environmental change. Realistic assessments of research benefits need to weigh up 

all of these factors, rather than focusing on one or a few factors. A research project 

focusing on an area of policy that is judged negatively on one factor (e.g., political 

feasibility) might still be judged to be a priority if the other factors are sufficiently 

positive. 

Given the challenges of obtaining the required information, it may be possible to 

facilitate the process by conducting research designed to address key knowledge 

gaps. This might include, for example, research into: (1) the time lags that are typical 

for research, policy influence, behavior change and environmental change; (2) the 

probability of policy-relevant research actually influencing policy in different 
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circumstances; (3) the typical extent of behavior change resulting from different 

types of policies; and (4) good case-study examples to demonstrate the process. 

To increase the application of these principles, it would be beneficial to develop 

frameworks and tools that support their relatively simple application. Given the 

complexity of the task, simplified tools (that are consistent with the principles 

outlined here as far as possible) are likely to be more realistic for use by individual 

scientists and perhaps even agencies. However, we also hope to see an increase in 

comprehensive analyses, in order to provide the richest insights into the processes 

of environmental research generating environmental benefits that are valued by the 

community.  

An increased effort to quantify the benefits and costs of policy-oriented 

environmental research could generate benefits in various ways. It could assist 

environmental scientists to: (1) select research topics that are likely to deliver high 

environmental benefits; (2) design their research in a way that will increase its 

relevance for making better-informed environmental policy; and (3) make the case 

for funding particular research proposals. It may also assist research agencies or 

research funders to: (1) prioritize proposed research; (2) make a case for increased 

funding for environmental research; and (3) identify bottlenecks in the process of 

research leading to environmental impacts, allowing attention to be focused on 

addressing these bottlenecks.  

Several governments have introduced policies requiring researchers to demonstrate 

the relevance and impact of their research. It seems that there has so far been little 

recognition of the inherent difficulties (outlined in this paper) in estimating the 

benefits from policy-oriented environmental research. Even in evaluation studies 

undertaken after the research has been completed and the research findings are 

known, long time lags and the counterfactual question (including attribution) can 
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make the task extremely challenging. Realistic expectations about what scientists 

can say about research benefits are needed.  
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