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Evaluation of biodiversity policy 
instruments: what works and  
what doesn’t?

Daniela A. Miteva,* Subhrendu K. Pattanayak,** and  
Paul J. Ferraro***

Abstract  We review and confirm the claim that credible evaluations of common conservation instru-
ments continue to be rare. The limited set of rigorous studies suggests that protected areas cause 
modest reductions in deforestation; however, the evidence base for payments for ecosystem services, 
decentralization policies and other interventions is much weaker. Thus, we renew our urgent call for 
more evaluations from many more biodiversity-relevant locations. Specifically, we call for a programme 
of research—Conservation Evaluation 2.0—that seeks to measure how programme impacts vary by 
socio-political and bio-physical context, to track economic and environmental impacts jointly, to iden-
tify spatial spillover effects to untargeted areas, and to use theories of change to characterize causal 
mechanisms that can guide the collection of data and the interpretation of results. Only then can we 
usefully contribute to the debate over how to protect biodiversity in developing countries.

Key words:  impact evaluation, payments for environmental services, devolution, community-based 
natural resource management, deforestation, poverty

I.  Introduction

Biodiversity loss results from overharvesting, poaching, the destruction and degrada-
tion of habitats, and climate change (Slingenberg et al., 2009; Barnosky et al., 2011). 
Although much effort is channelled annually towards attempts to halt species loss, we 
still lack evidence on whether and under what conditions conservation measures can be 
effective (Ferraro and Pattanayak, 2006). Our paper reviews the most recent evidence 
on the performance of commonly used conservation measures and identifies gaps in 
the evaluation of these efforts. As most threatened species and habitats are found in 
tropical developing countries (Myers et al., 2000; Hoffman et al., 2010), we focus our 
analysis on the effectiveness of the biodiversity conservation instruments commonly 
employed there: protected areas (PAs), payments for ecosystem services (PES), and 
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decentralization of natural resource management.1,2 Of course, these three instruments 
are also used in developed countries and many of our conclusions apply equally there. 
We also briefly overview other common approaches, such as integrated conservation 
and development projects and forest certification schemes, and find very little empirical 
evidence on their effectiveness. 

PAs are the most commonly used tool for biodiversity conservation in developing 
countries: about 15 per cent of  their combined area falls under PAs (World Database 
on Protected Areas, 2011, available at www.wdpa.org). PAs place legal restrictions 
on human access and use within their boundaries and impose penalties on offend-
ers. In contrast, PES schemes are more recent and seem to be concentrated predomi-
nantly in Latin America and China.3 Unlike PAs, which use negative incentives to 
induce behavioural change, PES aim to promote biodiversity conservation and the 
provision of  ecosystem services through positive incentives in the form of payments 
to landowners not to convert plots of  land with high conservation value (Pattanayak 
et al., 2010). By redistributing management authority to local actors (e.g. municipali-
ties, communities), decentralization measures create positive incentives for sustainable 
natural resource use as the benefits from the latter are shared among those who bear 
the costs of  protection (Larson, 2002). In principle, local actors can be better monitors 
of  natural resource regulations and hold local governments accountable to otherwise 
marginalized groups (Larson, 2002; Larson and Soto, 2008; Coleman and Fleischman, 
2011).4 

Although theory from economics and political science suggests that all three instru-
ments can be effective conservation measures, in reality they often fail because of ineffec-
tive spatial targeting and dysfunctional institutions. For example, the theory motivating 
all three instruments assumes that they are applied to important habitats that are threat-
ened with conversion to other land uses. However, PAs are often targeted on lands with 
the least political resistance to their establishment, and thus typically face the least 

1  In this paper we focus on ecosystem structure and function as a proxy for biodiversity. This focus is 
consistent with the working definition used by the Convention on Biological Diversity (CBD). Because the 
scope of the original definition of biodiversity was so broad, and because of the high correlation between the 
number of species, habitat quality and quantity, and other measures of biodiversity, the CBD has endorsed 
the ecosystems approach for the implementation and evaluation of conservation policies (CBD, see : http://
www.cbd.int/ecosystem/; Slingenberg et al., 2009). 

2  Forest decentralization is not a single well-defined policy. The literature has pointed out the multiple 
connotations of the term (for example, Larson (2002) and Larson and Soto (2008) discuss in detail the 
multiple definitions; Coleman and Fleischman (2011) discuss the differences in the nature of the forest decen-
tralization measures in Kenya, Uganda, Bolivia, and Mexico). Our emphasis in this paper is on quantifying 
the impact of changes of the management authority on terrestrial ecosystems. For this reason, we use ‘decen-
tralization’ as a general term reflecting the redistribution of management authority from a higher to a lower 
level (communities or local governments). 

3  As of 2010 there are pilot PES programmes in Bolivia, Brazil, Colombia, Costa Rica, Ecuador, Mexico, 
Nicaragua, Venezuela, Kenya, South Africa, and China (Vincent, 2010). Jack et al. (2008) mention a PES-like 
scheme in Indonesia (Rewarding Upland Poor for Environmental Services (RUPES)).

4  There is a very large literature (primarily comprised of case studies) that explores under what condi-
tions decentralization can lead to the sustainable management of natural resources. See Larson and Soto 
(2008) for a review of recent studies. For theoretical arguments for the decentralized provision of local public 
goods, see Besley and Coate (2003). For research on the broader issues of the relationship between institu-
tions and economic growth, refer to Acemoglu et al. (2004) and Besley and Persson (2011).
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anthropogenic threat (Andam et al., 2008). Voluntary in nature, PES contracts are also 
often established on the least profitable and, hence, least threatened lands (Pattanayak 
et al., 2010; Ferraro et al., 2012). Similarly, decentralization often happens in communi-
ties that already have a record of good ecosystem management (Bowler et al., 2011). 
Furthermore, the theories that motivate the application of PAs, PES, and decentraliza-
tion assume the existence and effectiveness of institutions and the rule of law (Hayes and 
Ostrom, 2005; Larson and Soto, 2008). Yet, developing countries are often plagued by 
uncertain property rights, widespread corruption, and the absence of strong institutions 
that can effectively coordinate across scales to disseminate information, reduce transac-
tion costs, and monitor and enforce laws (Heltberg, 2001; Vincent, 2010). 

The selection bias in the placement of interventions and the lack of effective institu-
tions have cast doubt on the effectiveness of conservation measures and have spurred 
numerous calls for rigorous empirical evaluation of conservation policies (Kleiman 
et al., 2000; Pullin and Knight, 2001; Salafsky et al., 2002; Salafsky and Margoluis, 
2003; Sutherland et  al., 2004; Saterson et  al., 2004; Sutherland, 2005; Frondel and 
Schmidt, 2005; Ferraro and Pattanayak, 2006; Carpenter et  al., 2009; Pattanayak 
et al., 2010). These studies have highlighted the need for policy to be grounded on a 
firm understanding of whether, under what conditions, and how conservation instru-
ments work. Translating such knowledge into policy can improve the performance, 
cost-effectiveness, and sustainability of conservation investments. 

Emphasizing credible causal inference, we review the evidence for the effectiveness of 
the three conservation instruments and outline future directions for assessing their per-
formance. In section II, we briefly describe quasi-experimental study designs that can 
isolate the causal impacts of conservation interventions and contrast these with com-
mon designs in the conservation literature. Then we summarize the current evidence for 
the effectiveness of PAs, PES, and decentralization, and give a brief  overview of other 
common conservation policies. Section III identifies major trends in the existing evi-
dence and highlights the main lessons for biodiversity conservation. Section IV calls for 
a new programme of research—Conservation Evaluation 2.0—that uses better theory, 
better methods, and better data to fill our knowledge gaps about what works and what 
does not in protecting biodiversity. 

II.  What has worked and what hasn’t?

(i)  Empirical designs and methods

Two common empirical designs employed by natural scientists to assess the perfor-
mance of  conservation measures rely on comparisons of  outcomes (e.g. deforesta-
tion) in areas (a) with and without exposure to a conservation policy instrument, or 
(b) before and after a conservation policy instrument is implemented. ‘With–without’ 
analyses implicitly assume that (i) the areas with and without the conservation policy 
are similar in terms of  their expected outcomes in the absence of  the conservation 
policy (i.e. similar in characteristics that affect outcomes, such as accessibility, suit-
ability for agriculture, and proximity to markets) and (ii) there are no spillover effects 
from the conservation policy to ‘unexposed’ areas. ‘Before–after’ analyses assume that 
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the outcome level (or its trend) before a policy is enacted would remain constant after 
the policy is enacted (Nagendra, 2008) and that there is no selection bias in targeting 
the policy. 

If  these assumptions fail, the estimates of  conservation policy effectiveness will 
be biased (Ferraro and Pattanayak, 2006; Ferraro, 2009; Joppa and Pfaff, 2010).5 
Consider the case of  PAs in tropical forests. First, deforestation rates may change after 
the establishment of  PAs for reasons other than protection (e.g. commodity prices), 
thus invalidating a simple before–after comparison of  deforestation (Nagendra, 2008; 
Joppa and Pfaff, 2010). Second, PAs, like other conservation interventions, are not 
established randomly across the landscape. Instead, they tend to be established in 
poor locations that are far away from cities and unsuitable for agriculture or urbani-
zation (Pfaff  et al., 2009; Joppa and Pfaff, 2009, 2010; Andam et al., 2010). The unfa-
vourable location implies that such lands are less profitable and may not experience 
deforestation, even in the absence of  protection. In such cases, simple inside–outside 
analysis will yield upwardly biased estimates as the deforestation rates in PAs in the 
absence of  protection are lower than the average deforestation rates of  unprotected 
areas. Finally, the establishment of  a protected area may displace the extractive activi-
ties to nearby buffer zones (Armsworth et al., 2006; Joppa and Pfaff, 2010). In this 
case, the estimate of  the impact of  protection will also be biased upwards, but now 
because deforestation rates in the unprotected areas would have been lower in the 
absence of  the policy.

Similar violations of key assumptions arise for PES and decentralization. A strong 
driver of enrolment in PES programmes is the lack of profitable alternative uses for the 
land (Pattanayak et al., 2010). For example, large forested tracts owned by absentee 
landlords and with steeper slopes (i.e. low agricultural suitability) have a higher prob-
ability of enrolment in a PES programme in Costa Rica (Arriagada et al., 2009, 2012). 
Likewise, some decentralization policies occur on forested land that is already in a good 
condition (Ferraro et al., 2012), whereas others emerge because of the degradation of 
natural resources (Baland et al., 2010). Because the emergence of effective local govern-
ance is often attributed to high levels of social capital within communities, such loca-
tions may also be better at the enforcement and monitoring of forests in the absence of 
decentralization (Baland et al., 2010).

To assess the causal impact of a conservation policy, we must establish what would 
have happened in areas exposed to such a policy if  they had not been exposed, i.e. 
establish the counterfactual outcome in the absence of a conservation policy. As noted 
above, estimating this counterfactual outcome is difficult because of the non-random 
assignment of conservation interventions. In econometric terms, non-random assign-
ment induces a correlation between the policy variable (the treatment) and the error 
term in a regression equation, with the direction of the bias depending on the sign of 
the correlation between them (Greenstone and Gayer, 2009). Although both experi-
mental and quasi-experimental designs from the programme evaluation literature can 
be used to isolate the causal impacts of a policy, only the latter have been used in 
the context of biodiversity conservation (Ferraro, 2009; Greenstone and Gayer, 2009; 

5  For example, comparing the results obtained through conventional and matching methods, Andam 
et al. (2008) found that conventional methods overestimate the effectiveness of  protected areas in Costa 
Rica by more than 65 per cent.
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Joppa and Pfaff, 2010).6 For this reason, here we focus mostly on the commonly used 
quasi-experimental designs.

The three common quasi-experimental designs include matching, instrumental vari-
ables, and difference-in-difference (Pattanayak, 2009). Matching methods break the 
correlation between the treatment and the error term by matching units affected by 
the conservation policy (treated units) with observationally similar units that are not 
affected by the policy (controls) (Imbens and Wooldridge, 2009). Matching assumes 
that similarity in the observed characteristics translates into similarity in unobservable 
characteristics, correlated with the outcome and the conservation policy assignment, 
or that such unobservables are negligible sources of bias (Imbens and Wooldridge, 
2009). In contrast, an instrumental variable design breaks the correlation between the 
error term and the treatment by exploiting a variable that is correlated with the policy 
assignment, but does not affect the outcome. In this case the causal effect is estimated 
by measuring how the outcome varies with the portion of the total variation in the 
treatment explained by variation in the instrumental variable. In other words, if  PAs 
are more likely to be assigned where endemic mammals are present, but the presence 
of endemic mammals only affects deforestation rates through its effect on the likeli-
hood of a parcel’s protection, then the presence of endemic mammals can be used 
as an ‘instrument’ to identify a causal effect of PAs on deforestation. In practice, it is 
often hard to find instruments that are both strong (correlated with the intervention) 
and valid (uncorrelated with the outcome). Finally, the difference-in-difference (DID) 
designs measure the impact of a conservation policy by the difference in the before–
after change in the outcomes for protected and unprotected areas. DID assumes that 
any unobserved differences (i.e. systematic biases) are linear and time-invariant and can 
hence be removed by taking the difference in the outcomes before and after the policy. 

The quasi-experimental research designs can successfully address the inference prob-
lems associated with time trends and systematic differences between the treated and con-
trol observations.7 Such designs can be used independently or in combination, as well as 
with other common econometric approaches, such as panel data estimators. They control 
for time trends in the outcomes because comparisons are made within the same time 
period. None of these designs, however, is immune to bias from spillovers (leakage) from 
treated to control units. If such spillovers (leakage) are likely, one needs to either select a 
control group that is unaffected by spillovers (leakage), or explicitly measure their effects. 

(ii)  Empirical evidence on conservation policy performance

Protected areas
Table 1 summarizes the studies that use rigorous empirical methods to quantify the 
impacts of protected areas. Empirical work using credible inference methods has 

6  We are aware of only one proposed study whose design employs a group randomized control trial in 
which the payments for forest protection are randomly assigned to some villages and not to others: UNEP, 
National Environment Management Authority (NEMA) Uganda, and International Institute for Environment 
and Development (IIED) (2010), ‘Developing an Experimental Methodology for Testing the Effectiveness of 
Payments for Ecosystem Services to Enhance Conservation in Productive Landscapes in Uganda’, proposal to 
the Global Environment Facility, Washington, DC, available at http://www.thegef.org/gef/node/2772

7  See Ferraro and Pattanayak (2006) for a discussion of why quasi-experimental designs are still limited 
in the context of biodiversity conservation.
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focused predominantly on the effectiveness of PAs in preventing deforestation, most 
often measured as a binary outcome at the pixel level.8 The results seem to suggest 
that PAs are effective at stalling deforestation (e.g. Andam et al., 2008; Gaveau et al., 
2009; Pfaff  et al., 2009; Sims, 2010; Joppa and Pfaff, 2010; Ferraro and Hanauer, 2011), 
had mostly negligible spillover effects (Andam et al., 2008; Sims, 2010), and reduced 
the incidence of forest fires (Nelson and Chomitz, 2011). Nevertheless, the estimated 
effects are much smaller than conventional before–after and with–without methods 
would imply.

A few studies have suggested that the impacts of the PAs are heterogeneous and vary 
through time and in space according to the baseline characteristics of the area. For 
example, Ferraro et al. (2011) find that in Costa Rica the impact is greatest on land that 
has lower slopes, poor population, and is closer to major cities. They also find that in 
Thailand the impact of PAs on preventing deforestation is highest on land with lower 
slopes, but far away from major cities. Andam et al. (2008) find larger impacts of older 
PAs compared to newer PAs. Pfaff  et  al. (2011) compare the impacts across federal 
and state-managed parks and find that the intervention is more successful under the 
former. Nelson and Chomitz (2011) find that PAs have a positive impact on reducing 
forest fires, with the magnitude of the effect varying by geographic location, type of PAs 
(strictly protected versus multiuse), and the proximity to cities. 

Decentralization measures
Table 2 summarizes the studies that aim to quantify the causal impact of decentraliza-
tion measures on environmental outcomes. These studies find that the placement of 
decentralization interventions is associated with factors that also affect the measured 
outcomes, thereby invalidating simple comparisons between decentralized and non-
decentralized resources. For example, Somanathan et al. (2009) observe that state-con-
trolled forest plots had more forest cover at the baseline, were located on north-facing 
slopes away from roads and villages, and had large nearby forest stocks and low popu-
lation density. Baland et al. (2010) find that community forests were located closer to 
the villages, while Edmonds (2002) finds that the villages with decentralized forests had 
higher levels of electricity and piped water access, were close to a local market and for-
estry offices, and received more agricultural assistance. 

In contrast to the PA studies that use deforestation or fire as an outcome, almost 
all of the decentralization studies use measures of forest degradation (proxied by the 
amount of fuelwood collected, density of the canopy cover, forest regeneration, and 
lopping). Overall, they find limited evidence that forest management decentralization 
policies had a positive impact on forest degradation. Somanathan et al. (2009) find a 
statistically significant impact of decentralization on pine tree forests, but no impact on 
broad-leaved forests which are more heavily used by households and more likely to be 
degraded (Baland et al., 2010). In another part of India, Baland et al. (2010) found a 
positive impact on lopping, but not on the tree cover, age of the trees (proxied by the tree 
diameter at breast height (DBH)), or the presence of saplings. Coleman and Fleischman 
(2011) find that, on average, the African forests in their sample (parts of Uganda and 
Kenya) experienced a negative, albeit insignificant, impact from decentralization, while 

8  Gaveau et al. (2009), Sims (2010) and Honey-Roses et al. (2011) employ a continuous outcome variable 
(per cent deforestation).
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the forests in the Latin American countries (parts of Bolivia and Mexico) were posi-
tively affected (only for Mexico were the results statistically significant, however). Using 
multi-period panel data on the district level in Indonesia, Burgess et al. (2011) find that 
increasing the number of jurisdictions spurs deforestation and that the impact increases 
immediately before local elections. 

Based on the studies summarized in Table  2, the impact of decentralization poli-
cies in terms of reducing forest degradation and deforestation seems context-specific; 
it varies in terms of the scope, the benefits, and the rights transferred to local popula-
tions. This is not surprising given that the ambiguous definition of ‘decentralization’: 
the studies suggest that it can refer to policies increasing the decision-making author-
ity of lower-level bureaucrats or to increasing the local-level authority of local users 
(Larson, 2002; Larson and Soto, 2008). In certain cases, it can be associated with the 
transfers of capital to local users or the establishment of property rights (Coleman and 
Fleischman, 2011). Thus, we need to understand clearly the mechanisms through which 
decentralization affects environmental outcomes before we can quantify impacts. For 
example, Coleman and Fleischman (2011) propose accountability and empowerment 
as predictors of whether forest decentralization policies can improve forest quality and 
the welfare of local users.

Payments for ecosystem services
Table 3 summarizes the current causal evidence on the performance of PES schemes. 
The studies tend to find reduced deforestation and increased reforestation taking place 
as a result of the participation in the PES schemes. None of the studies considers the 
impact on forest quality, which may have improved because of better management 
(Pattanayak et al., 2010). All of the causal evidence comes from Latin American coun-
tries that have significantly more land under private ownership compared with the rest 
of the world (Vincent, 2010). 

The effectiveness of  the PES schemes depends on the programme design (e.g. 
where, to whom, and by whom the payments are made), the degree of  compliance 
and spatial spillovers (leakage) (Pattanayak et  al., 2010). Previous studies have 
pointed out that the small impacts may be due to the poor initial targeting of  PES 
schemes (especially in Costa Rica) because of  the inadequate attention to the costs 
and benefits of  the programme (Pfaff  et al., 2008; Arriagada et al., 2012). Because 
participation in these schemes is voluntary, PES programmes are likely to suffer from 
moral-hazard and adverse-selection problems (Ferraro, 2008; Pattanayak et al., 2010; 
Ferraro et al., 2012). 

Other conservation initiatives
Integrated conservation and development projects (ICDP) are widespread project-based 
interventions that aim to tackle directly the links between natural resource depend-
ence, conservation, and poverty (Blom et al., 2010). Forest certification schemes provide 
financial stimuli for firms and farmers to adhere to defined environmental standards 
(Blackman and Rivera, 2010). Despite the long history and popularity of ICDP and 
forest certification schemes, we omit an extensive discussion of them because the num-
ber of rigorous impact studies is very small, with the evidence suggesting no impact 
from the interventions. For example, the only two studies that use rigorous empirical 
methods find no evidence that ICDPs shifted households away from agriculture toward 
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sustainable forest use in the Brazilian Amazon (Weber et al., 2011; Bauch et al., 2012). 
De Lima et al., 2008 find small impacts from forest certification. 

We have also omitted from the current discussion: (i) conservation policies that are 
commonly used to target individual species, such as the US Endangered Species Act, 
Individual Transferrable Quotas (ITQs), and measures associated with the Convention 
on International Trade of Endangered Species of the Wild Flora and Fauna (CITES); 
and (ii) common conservation policies in developed countries (e.g. PAs, easements). 
Furthermore, our discussion focuses on policies targeting the symptoms of  unsustaina-
ble natural resource management (e.g. deforestation and forest degradation); we exclude 
from our analysis policies that might impact the underlying causes of biodiversity loss 

Table 3:  PES studies using rigorous empirical analysis

Study Location Unit of analysis Sample Methods Outcome

Rios and Pagiola, 
forthcoming

Colombia farm plots 72 PES contracts,  
29 controls

Tobit/OLS 3.6 ecosystem 
services pts

Alix-Garcia  
et al., 
forthcoming

Mexico farm plots 352 PSAH contracts, 
462 controls

Matching and 
tobit

50 per cent 
deforestation 
reductionb

Scullion et al., 
2011

Mexico farm plots 38 PES contracts, 
unspecified #  
controls

DID 34.8 per cent 
deforestation 
reduction 
(pine-oak 
forest)18.3 
per cent 
deforestation 
reduction  
(cloud forests)

Honey-Roses  
et al., 2011

Mexico polygona 425 treatment,  
3,778 controls

Matching, DID 3–16 per cent 
deforestation 
reduction in high 
quality habitat

0–2.5 per cent 
deforestation 
reduction in 
lower quality 
habitat

Sierra and 
Russman, 2006

Costa Rica farm plots 30 PES contracts,  
30 controls

OLS 0.4 ha fallow
–0.25 ha forests

Arriagada et al., 
2008

Costa Rica census tracts 1,050 PSA tracts,  
7,138 controls

PSM and 
regressions

21.2–34.1 ha forest 
gain

Pfaff et al., 2008 Costa Rica pixel 40 PSA pixels,  
40–240 controls

PSM <1 per cent 
deforestation 
reduction

Arriagada et al., 
2012

Costa Rica farms 50 treated PSA  
farms, 152 control

Matching and 
DID regression

gain of 11–17 per 
cent of the mean 
contracted forest 
area

Robalino et al., 
2008

Costa Rica pixel 925 PSA pixels,  
925–4,625 controls

PSM 0.4 per cent 
deforestation 
reduction

Notes: a In contrast to pixels, these are of irregular shape and size. They result from the unique combinations of 
geospatial layer attributes and may therefore not coincide with farm plot boundaries.
b However, total avoided deforestation benefits are modest because the clearing rates without the programme 
were very low.
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(e.g. international trade, macroeconomic policies, increasing demand for timber, food, 
ranching) as the causal chain is likely to be longer and more complicated. We discuss 
the implications for leakage and spillovers from conservation and related policies in 
section IV. Finally, although our emphasis in this article is on environmental outcomes, 
we note that there is an even greater paucity of evidence on the socioeconomic effects 
of conservation policies (e.g. Andam et al., 2010; Weber et al., 2011). 

III.  What have we learnt so far?

Protected areas seem to be effective
PAs seem to reduce deforestation consistently. A comparison of the effects of PAs and 
other interventions is possible for only one country. In Costa Rica, the effects of the 
PA system seem to be larger than the effects of the PES scheme (cost-effectiveness, 
however, is unknown). The larger effects may arise from multiple factors. For example, 
the PAs may have been established during periods of higher deforestation or may have 
existed for a longer period of time. Nothing is known about the effect of PAs on forest 
degradation except through the use of fire as its proxy. The evidence base on PES and 
decentralization in terms of deforestation and forest degradation is smaller and less 
consistent in its findings. Additionally, studies from the impact evaluation literature 
have noted the possibility of a large publication bias, with the majority of published 
articles skewed towards finding the expected statistically significant effect (Duflo, 2004; 
Greenstone and Gayer, 2009; Ravallion, 2009).

Spillovers from conservation policies tend to be negligible 
As noted above, conservation policies may result in changing the patterns of activi-
ties outside the targeted areas. Few studies have attempted to control for or measure 
spillovers. Some studies have tried to control for local spillovers by excluding from the 
control group areas that fall within a certain radius of the treated observations (Andam 
et al., 2008; Ferraro et al., 2011; Pfaff  et al., 2011; Miteva et al., 2012a,b). Others have 
attempted to quantify the spillover effects directly by matching the unprotected areas 
near a protected area to areas unlikely to have been impacted by protection (Andam 
et al., 2008; Gaveau et al., 2009). However, only one study has explicitly tested for the 
presence of spillovers in the context of PES: Alix-Garcia et al. (forthcoming) find sig-
nificant negative spillovers for the poorest quartile of their sample and significant posi-
tive spillover effects for the wealthiest quartile. Overall, these studies find small positive 
or no statistically significant spillovers, possibly because conservation impacts them-
selves are too small to generate spillovers. 

Evidence limited to very few locations 
Not only are studies with a credible empirical design rare, but the existing ones are not 
representative of the biodiversity ‘hotspots’. For example, the majority of studies on 
PAs and PES focus on Costa Rica, which has been an exceptional country in terms 
of development and biodiversity conservation; very little evidence comes from other 
biodiversity-rich developing countries. Miteva et al. (2012a,b) provide evidence on the 
impacts of Indonesian PAs on deforestation, poverty, forest fires, species loss, and water 
quality. There are two global PA impact studies (Joppa and Pfaff  (2010) and Nelson 
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and Chomitz (2011). However, they use few controls for confounding covariates (neces-
sarily because of the global scale of analysis), focus on a limited time period (2000–8), 
consider a limited fraction of the country (only 5 per cent of the protected area in each 
country as in Joppa and Pfaff  (2011), or use approximations of the PAs where the 
exact borders are missing (Nelson and Chomitz, 2011). In contrast, the decentraliza-
tion studies in Table 2 consider policies in East Asia (three countries), Latin America 
(three countries), and East Africa (two countries). However, almost all of these studies 
employ data collected from relatively small geographic areas and thus raise concerns 
about external validity. 

No evidence on protecting ecosystem structure and function 
The studies presented in Tables 1–3 consider the impact of biodiversity conservation 
policies on deforestation and forest degradation, which are assumed to be good prox-
ies for species richness and ecosystem function. Moreover, the current literature does 
not consider where the conservation gains take place (with a few exceptions of studies 
looking at the heterogeneity of impacts according to the baseline characteristics of the 
area), what the resulting landscape configuration is (e.g. in terms of fragmentation and 
isolation of the forest patches), and whether the gains meet the threshold for the provi-
sion of certain ecosystem services (such as improving water quality).9 In other words, 
the degree to which deforestation and forest degradation can proxy for the ecosystem 
structure and function determines how useful these data are for telling us about the 
effectiveness of common biodiversity policy instruments (Jack et al., 2008). 

Impacts of conservation policies are heterogeneous
Baseline: As Tables 1–3 suggest, the research focus has shifted away from quantifying 
the average impact of a policy to analysing the heterogeneity of policy performance 
as a function of the bio-physical and socio-economic characteristics of the targeted 
areas. Nevertheless, such studies are few and most (except for Ferraro et al. (2011) and 
Nelson and Chomitz (2011)) compare the point estimates for the impacts within dis-
crete groups of the data.10 The two studies that examine impact heterogeneity as a 
continuous function of the slope, distance to major cities, and poverty, find significantly 
non-linear impacts, with the PAs being most effective in areas with low baseline poverty, 
low slope (Ferraro et al., 2011), and closer to large cities (Ferraro et al., 2011; Nelson 
and Chomitz, 2011). In these studies, PAs had a negative impact on deforestation when 
the baseline poverty was high (Ferraro et al., 2011, in Costa Rica) or at intermediate 
distances to major cities (Ferraro et al., 2011, in Thailand). The only study considering 
impact heterogeneity in a PES scheme finds that the programme is more environmen-
tally effective when baseline poverty levels are low (Alix-Garcia et al., 2010). 

  9  Recently, Sims (2011) has returned to her data set of Thai PAs to examine if  the PAs influence habitat 
fragmentation. She finds that PAs did prevent significant fragmentation overall, increasing average forest 
patch size by 20–33 per cent and forest patch density by 2–4 per cent. The more strictly protected wildlife 
sanctuaries appear to have encouraged consolidation of cleared patches and prevented forest fragmentation 
even in interior areas, consistent with core-focused enforcement patterns.

10  Most of these studies do not allow us to assess whether there are statistically significant differ-
ences between the sub-groups. A notable exception is the study by Ferraro and Hanauer (2011), who use 
heteroskedasticity-robust variance adjustments to compute the confidence intervals. 
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Type: In the case of  PAs, Pfaff  et al. (2011) find that federal parks are more suc-
cessful at reducing deforestation in Brazil compared to state parks. Distinguishing 
between strictly protected and multi-use parks, Nelson and Chomitz (2011) find that 
the latter tend to result in reduced forest-fire incidence in Latin America and Asia. In 
the PES literature, case studies and descriptive approaches have suggested that the 
impact is likely to vary according to whether government or users provide funds (Engel 
et al., 2008). However, the hypothesis that the effectiveness of  PES schemes depends 
on the funding source has not been evaluated using rigorous quantitative approaches 
(Pattanayak et al., 2010). No clear patterns emerge for the different types of  decen-
tralization in Table 3. 

Duration: Usually, conservation policies need time to effect changes (e.g. Baland 
et  al., 2010; Jack et  al., 2008). Some studies have circumvented this by focusing on 
the older policies. For example, Andam et  al. (2008), Ferraro and Hanauer (2011), 
and Ferraro et al. (2011) consider separately the impacts of the PAs established before 
1979 and after 1981; their results suggest that older PAs prevented more deforestation. 
In contrast, Nelson and Chomitz (2011) find a consistently larger impact of PAs on 
preventing forest fires when they restrict their treatment group from all PAs protected 
before 2000 to only the ones established between 1990 and 2000. Somanathan et al. 
(2009) focus on forests that have been decentralized for at least 15 years. By discretizing 
the age of decentralized forest plots into older and newer groups, Baland et al. (2010) 
find that the impact of community-managed forests on lopping increases over time. 
None of the studies on PES has examined the heterogeneity of impacts through time. 
To our knowledge, no study has quantified how conservation effectiveness changes as a 
continuous function of time since protection.11 

IV.  Towards Conservation Evaluation 2.0

In this section, we draw on the literature in development and environmental economics 
to highlight what the next generation of conservation impact studies should look like: 
we call this Conservation Evaluation 2.0. 

(i)  Better theory 

One of the major drawbacks of the current literature is that the empirical work is discon-
nected from theories that describe how the interventions affect outcomes. The studies 
summarized in Tables 1–3 have been key to understanding whether and where the conser-
vation instruments cause socio-economic or environmental impacts. These reduced-form 
estimates are essential steps to understanding why or how the conservation policy works 
(Ravallion, 2007; Ferraro et al., 2012). However, concerns remain about internal and 
external validity, scalability, and impacts over the long term and across sub-populations 
(Pattanayak, 2009; Ravallion, 2009; Deaton, 2010a; Heckman, 2010). By discussing each 
of these concerns, we argue that empirical evaluations would greatly benefit from better 

11  In order to do this, researchers either have to assume selection does not change over time or they need 
to have panel data that allow selection over time. In other words, constructing the counterfactual is a sub-
stantial challenge in this case.
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links to theory, not simply because of how models are specified and samples are selected, 
but also because of how impacts (or the lack thereof) are interpreted. 

Internal validity: Explicit models of how the intervention effects change and how 
the hypothetical counterfactuals are realized help programme evaluations (Deaton, 
2010a,b; Heckman, 2010). The lack of mechanisms behind conservation policies, cou-
pled with a limited understanding of the contexts in which they operate, raises concerns 
that the programme may still be related to the post-programme outcome for reasons 
other than programme (Ferraro, 2009). Without theory to guide the model specifica-
tion of quasi-experimental designs, we have to worry that omitted variables, inadequate 
controls for pre-treatment trends, and misspecification in the treatment selection model 
may mask the impact of the conservation intervention (Greenstone and Gayer, 2009). 

Causal models with explicit assumptions (representing ‘theories of change’) can rem-
edy this situation by indentifying key variables and appropriate samples to define the 
counterfactual (Pattanayak et al., 2010). For example, theory suggests that local institu-
tions and social capital are hard-to-measure often-omitted variables that are likely to 
bias programme evaluations (Deaton, 2010a). To control for such variables in an evalu-
ation of decentralization performance, Baland et  al. (2010) use a village-level block 
design and sample decentralized and non-decentralized forests within a village. Miteva 
et al. (2012b) use political economy theory to inform which political variables should 
be considered (in addition to bio-physical and socio-demographic variables) to evaluate 
PA impacts in Indonesia. 

For sample selection, better theory of change helps identify the scale of the impacts 
from the conservation policy: valid identification necessitates that the treatment and 
control be independent. For this reason, observations from the control group that are 
likely to have been affected by spillover effects should be excluded from the control 
group. Yet, without a theoretical model of whom and how the conservation policy 
impacts, it is hard to know where exactly the spillover effects occur. Current attempts 
to deal with spillovers take an exploratory strategy by considering buffers of different 
width from the PA boundary (e.g. <2km, 2–4km, 4–6km, and 6–8km as in Andam 
et al., 2008). Yet, there is no theoretical justification for these particular buffers. 

External validity: Under what conditions can we generalize the results to other 
contexts, given that evaluations of  conservation instruments often work with 
non-representative samples? Theory-based mechanisms, along with the appropriate 
structural parameters, of  how and why the conservation intervention works (or doesn’t) 
are necessary for out-of-sample predictions to forecast the impacts of  conservation 
policies in new contexts (Heckman, 2010; Deaton, 2010a,b). The existing literature 
has taken an inductive strategy towards discovering the contexts that matter, such as 
biophysical (slope, soil quality) or socio-economic (poverty, market access). Instead, 
theory could be a better (deductive) guide for identifying the constraints that bind and 
the contexts that matter, and for generating testable hypotheses. Theory could also 
help identify key structural parameters needed to forecast impacts in other contexts 
(Timmins and Schlenker, 2009). 

Additionally, theory could help us think more generally about economies or dis-
economies of scale. For example, a large-scale conservation policy can cause general 
equilibrium effects (e.g. impacts on crop prices that in turn affect enrolment in PES 
schemes), especially if  there is high dependence on natural resources in closely cou-
pled human-natural systems (see below). Ross et al. (2010) use a dynamic computable 
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general equilibrium (CGE) model to examine the environmental and economic impacts 
of PES in Costa Rica and find small general equilibrium effects.

Coupled systems: People and their environment are part of  dynamic coupled sys-
tems: the ecosystem structure and function impacts communities and people, whose 
use of  natural resources in turn impacts ecosystem structure and function (Dasgupta 
and Mäler, 2003). Perverse links persist and externalities abound because market 
and non-market signals (e.g. state and community institutions) often fail to emerge. 
By restricting natural resource extraction, conservation policy instruments will trig-
ger a new dynamic in these coupled systems. Therefore, the coupling should influ-
ence how we model causal effects and what data we collect. First, it implies that we 
should consider joint economic and environmental outcomes. Second, it also suggests 
that we should collect data on and model the influence of  initial conditions (e.g. 
socio-political and biophysical factors). However, few rigorous evaluations consider 
the joint outcomes of  conservation programmes and model them as a non-linear 
function of  initial conditions (Ferraro et  al., 2011; Ferraro and Hanauer, 2011). 
Alternatively, analysts can evaluate programmes by conducting theory-based simula-
tions. For example, Pattanayak et al. (2009) apply a dynamic CGE model to examine 
PA impacts in Brazil. They explicitly model how PAs reduce land available for agri-
culture and increase labour supply (because of  lower levels of  mosquito-borne dis-
eases caused by deforestation). These land and labour-market effects in turn impact 
deforestation. 

In developing countries, the people–environment coupling is strong (Barrett et al., 
2011). Environment–poverty trap theories suggest that small initial differences in the 
local context (e.g. either prior to or resulting from a conservation intervention) can 
cause large divergences in wellbeing and ecosystem functioning over time (Dasgupta 
and Mäler, 2003). Traps emerge partly because persistent poverty and rising disparities 
in each period make it difficult to generate (a) critical levels of investment for growth 
and (b) conditions for good institutions to evolve and succeed (Dasgupta, 2009). Given 
these complex and multiple causes, the long-term impacts of a conservation programme 
can be very different from the short-term impacts.12 Thus, where possible, we should 
collect data during and beyond the programme/project cycle. If  long-run evaluations 
are impractical, Carvalho and White (2004) suggest using theory to describe a step-by-
step sequence of causes and effects, collecting data on the initial steps and then examin-
ing how well each step is borne out during the project cycle. For example, researchers 
could check if  social capital and local monitoring improve during the course of decen-
tralization to signal the likelihood of long-run success.

(ii)  Better methods 

Impact evaluation is a rapidly evolving field, which is reflected by the advances in the 
methodology employed to establish a causal impact of the conservation measures. 
Earlier papers on the performance of conservation interventions relied on simple 

12  From a cost-effectiveness perspective, programmes that ignore long-run impacts may be highly 
cost-ineffective. This is because many of the adverse long-run impacts could be irreversible or sticky (e.g. 
even if  outcomes are somewhat reversible, the coupled system displays hysteresis). 
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comparisons of the average difference in the outcomes between the matched treated and 
control observations. In contrast, recent papers illustrate the importance of combining 
matching methods with bias-adjustment techniques and adjusted variance estimators 
(Abadie and Imbens, 2006, 2011; Imbens and Wooldridge, 2009). These adjustments 
help achieve consistency, improve the robustness and the asymptotic efficiency of the 
estimator. However, only a few studies use (and report results from) better methods 
described in this sub-section. 

Ruling out alternative explanations: Because of the observational nature of the data 
used in quasi-experimental evaluations, there remain concerns that an important vari-
able has been omitted. Because conditional independence assumption which justifies 
the validity of the matching estimators is untestable, Rosenbaum’s bounds approach 
is one common method for dealing with omitted variables (DiPrete and Gangl, 2004). 
This approach accounts for the sampling variability in allowing researchers to assess 
what the magnitude of the unmeasured covariate (captured by a parameter Г) would be 
to alter the conclusions of the analysis (Rosenbaum, 2002). Small values of Г suggest 
results more sensitive to the presence of hidden bias. Another way is through thought 
experiments. For example, Sims (2010) worries that differential migration in regions 
with and without PAs could be causing changes in deforestation. She shows that migra-
tion patterns did not, in fact, change during her study period.

Spillovers (leakage): Validity of the impact estimators also rests on the independence 
of the treatment and control observations. However, as previous studies have suggested, 
spillovers from ‘treatment’ to ‘control’ areas may violate the assumption. Although the 
literature has suggested excluding the potentially contaminated observations from the 
control group and explicitly testing for the presence of spillover effects at various dis-
tances, spillover analysis is not the norm. Additionally, as suggested in the discussion of 
feedback, these spillovers may be interesting phenomena that deserve direct modelling, 
instead of being treated as a nuisance to be dealt with. 

Continuous, not discrete: Most impact evaluation studies have employed discrete 
treatments and covariates to examine how the impacts of  protection vary across 
time, space, and intervention. However, many conservation instrument data such as 
duration, area covered, and amount, and the covariates that influence their impacts 
(e.g. slope, poverty rates, distance to markets) are all continuous variables.13 Future 
evaluations could shift from answering whether the intervention has an impact, to 
examining the overall shape of  the production function—that is, the shape of  the rela-
tionship between the impact and the continuous treatment. Currently, only two studies 
have looked at the impacts of  a conservation intervention as continuous functions of 
exposure: Sims (2010) considers the percentage of  the locality that is a PA, whereas 
Arriagada (2008) uses a generalized propensity score method to examine how the den-
sity of  PES contracts in a region affects deforestation. A similar suggestion applies to 
baseline covariates that modify the impact of  a conservation instrument: the modi-
fication may be continuous (as considered by Ferraro et al. (2011) and Nelson and 
Chomitz (2011)), and not discrete. 

13  The current practice employs some ad hoc rules and subjective decisions as to what constitutes a 
treated unit. For example, if  only a part of a unit falls within a PA, then it is up to the researchers to decide 
whether to consider it protected. 
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(iii)  Better data 

Previously we have noted the challenges for impact evaluation stemming from data short-
age because (a) most conservation interventions in poor countries are framed as independ-
ent proofs of concepts, (b) there is poor infrastructure, training, and history of systematic 
data collection; and (c) of the challenges of combining ecological, socio-economic, and 
institutional data (Ferraro and Pattanayak, 2006). Here we highlight two specific concerns.

Baselines: The availability of multi-period geospatial data with relatively fine resolu-
tion has allowed for deforestation patterns to be examined through time. Unfortunately, 
the context matters in many ways and we have no such repository of social–political 
data. Usually, we have lacked good baseline data on formal and informal institutions, 
the degree of information asymmetries, market access, intrinsic incentives and norms, 
and previous participation in forestry programmes (Jack et  al., 2008; Pattanayak 
et al., 2010; Arriagada et al., 2012, Ferraro et al., 2012). Clearly, we need more and 
better socio-economic and institutional data from biodiversity-relevant locations. 
Alternatively, we should be tailoring our sampling in the manner of Baland et al. (2010) 
to address hard-to-obtain baseline characteristics. 

Interdisciplinarity: Biodiversity is affected by both the amount and the structure of 
habitats (availability of food and nesting resources within a patch, the connectivity of 
patches, edge effects) (Krebs, 2001; Turner et al., 2001). Reliance on geospatial data in 
the conservation evaluation studies begets a persistent disconnect between the outcomes 
researchers can study (deforestation, forest degradation), and the outcomes researchers 
often wish to study (ecosystem structure and function).14 Most current studies rely on a 
binary geospatial metric (presence or absence of deforestation) to assess the ecological 
impacts of conservation measures. Micro studies of forest decentralization policies pro-
vide the few exceptions: fuelwood collected (Heltberg, 2001; Edmonds, 2002); percent-
age canopy cover per pixel (Somanathan et al., 2009); degree of lopping, presence of 
saplings, DBH, and canopy cover (Baland et al., 2010). While these provide significant 
improvements over binary geospatial measures, it is not immediately clear how these 
improved metrics relate to the ecosystem structure and function. For example, number 
of saplings in Baland et al. (2010) can be interpreted as a measure of the degree of for-
est regeneration or may be used as an indicator for disturbance.15

Biodiversity conservation is necessarily an interdisciplinary field because it affects 
people and ecosystems. For this reason, interdisciplinary partnerships between econo-
mists and natural scientists are needed, in order to improve future impact evaluation 
studies in terms of methodology and data collection. Currently, natural scientists seem 

14  To highlight the importance of establishing interdisciplinary partnerships between economists and 
natural scientists, here we focus on the ecological significance of the geospatial data rather than the technical 
quality of the available datasets. The latter can be a significant hurdle to good impact evaluation studies, as 
well: the presence of clouds, especially in tropical forests, the inability to distinguish between forest degrada-
tion and deforestation, on one hand, and between different types of tree species, on the other, as well as the 
lack of good metadata describing the methodology through which the geospatial datasets were obtained and 
the land-use categories classified, can significantly lower the reliability of geospatial datasets. 

15  The presence of saplings does not seem sufficient as these can be of invasive species that usually fare 
very well and grow very fast in disturbed areas; disturbance may actually result in changing the composition 
of the forest towards something that is no good for biodiversity conservation (Krebs, 2001). 
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to collect abundant data in research designs that preclude rigorous impact evaluations. 
While economists are generally well versed in impact evaluation techniques, they are 
often at a loss about the collection and interpretation of ecological data. For this reason, 
we highlight the need for interdisciplinary collaborations. Within a rigorous analytic 
framework, these can help identify the right spatio-temporal scale(s) of the analysis in 
terms of both the socio-economic and ecological processes; select the appropriate prox-
ies and metrics for biodiversity and ecosystem function; and model connectivity and 
fragmentation. 

V.  Conclusion 

Our review confirms previous claims that it is rare to find causal evidence on the effec-
tiveness of conservation instruments commonly used in developing countries (Ferraro 
and Pattanayak, 2006; Carpenter et al., 2009). The limited evidence suggests that PAs 
cause modest reductions in deforestation and, thus, may positively affect biodiversity. 
However, the evidence base for PES, decentralization, and other interventions is much 
weaker. Because there is very limited geographic overlap between where PAs, PES, and 
decentralization are studied, we cannot compare the relative effectiveness of these three 
instruments. In short, despite progress in the last 6 years in the empirical evaluations of 
conservation programme impacts, the evidence base—limited to a handful of tables—is 
simply too shallow to say anything meaningful about the billions invested in protecting 
biodiversity.

Thus, the key messages of this paper are that the conservation evaluation literature 
needs (i) a larger number of rigorous studies from biodiversity-relevant locations and 
(ii) better theory, better methods, and better data. Specifically, we call for a programme 
of research—Conservation Evaluation 2.0—that not only uses theory of change to bet-
ter characterize the mechanisms that trigger heterogeneous impacts varying with con-
text, but also then conducts evaluations of different instruments in different contexts to 
permit cost–benefit comparisons of conservation instruments. 

Achieving the goals of Conservation Evaluation 2.0 is constrained by the fact that few 
environmental policies and programmes are designed with evaluation in mind. Rather 
than hope we can find the relevant data and conditions to understand causal effects, 
heterogeneity, and mechanisms, we need more policies and programmes that are explic-
itly designed to allow rigorous evaluation of their environmental and social effects. 
We thus urge practitioners and scholars to implement more programmes with experi-
mental and quasi-experimental designs. Strong candidates for experimental designs 
include programmes targeted on individuals, firms, local communities, or municipali-
ties. Particularly appropriate would be pilot programmes or programmes implemented 
by non-governmental organization partners, which are not subject to the conflicting 
agendas of the various stakeholders, and may have more flexibility with regard to where 
and with whom they operate. Whether or not experimental or quasi-experimental 
designs are used, good baseline data on the relevant socio-economic and environmental 
factors are important for credible evaluations. Moreover, in order to ensure that such 
evaluations use the right data at the appropriate scale of analysis and can credibly esti-
mate both socio-economic and environmental impacts, interdisciplinary partnerships 
between social and natural scientists are needed.
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One reason why experimental and quasi-experimental designs are not the norm 
in conservation science is the perceived high costs of implementation (Ferraro and 
Pattanayak, 2006). We argue that the benefits exceed the costs because Conservation 
Evaluation 2.0 will help (i) identify and discontinue programmes for which the desired 
causal impacts cannot be detected, (ii) improve the impact and cost-effectiveness of 
existing programmes, and (iii) spur innovation. We also note that a cost–benefit analysis 
would imply that evaluation is most fruitfully applied to commonly used policies, like 
the three we review, and to policies and programmes that provide an opportunity to 
test fundamental behavioural questions such as: How do land-users respond to finan-
cial incentives? How do local government decision-makers respond to information or 
capacity building? It should be noted that evaluations involving fundamental behav-
ioural questions are less about testing whether a specific project ‘worked’ and more 
about providing insights about the validity of the implicit and explicit causal models 
that underlie the global environmental investment portfolio. 

Not all studies can be conducted with the research designs we discuss. Neither do 
we suggest that all studies employ one of these designs. However, conservationists—
policy-makers, activists, and academicians alike—need to be aware of the limitations in 
the existing conservation evidence base as well as of the promise of empirical research 
designs that emphasize eliminating rival explanations for observed patterns of environ-
mental outcome data and necessitate greater human capital for their application. 

In conclusion, our review of  studies with credible empirical designs highlights the 
continuing paucity of  causal evidence on the effectiveness of  common conserva-
tion instruments. Because of  the publication bias towards studies that find the large 
positive impacts (Ravallion, 2009), it would be worthwhile to catalogue and review 
unpublished working papers, theses, and reports to funding agencies. Nonetheless, 
we urgently need more plain vanilla evaluations of  economic and environmental out-
comes from many more biodiversity-relevant locations. In addition, we also empha-
size the need for a more advanced Conservation Evaluation 2.0 that seeks to measure 
how programme impacts vary by socio-political and bio-physical context, to track 
economic and environmental impacts jointly, to identify spatial spillover effects to 
untargeted areas, and to use theories of  change to characterize causal mechanisms 
that can guide the collection of  data and the interpretation of  results. Only then can 
we usefully contribute to the debate about how to protect biodiversity in developing 
countries.
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