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          2.1   Introduction 

 Decision-makers have three types of choices to make regarding the management 
of natural resources and related ecosystem services (ES): (1) which ES to manage, 
(2) the quantitative and qualitative objectives associated with each ES (3) and the 
instruments for achieving these objectives. This chapter focuses on the  fi nal choice 
faced by decision-makers, that of selecting the proper instrument 1  from an array of 
options that includes standard environmental policies (e.g. land use regulations, taxes 
and subsidies) that are generally implemented by the State, as well as a broader set 
of alternatives (e.g. reallocation of property rights and joint management of com-
mon property resources) that can be implemented by stakeholders with or without 
involvement of the State. Choosing among alternative management instruments is 
dif fi cult,  fi rst because information regarding their effectiveness and implementation 
costs is often missing or incomplete and, second, because managing ES often 
involves trade-offs with other policy objectives, such as economic growth, poverty 
alleviation or social equity (Cole and Grossman  2002 ; DeFries and Rosenzweig  2010 ; 
Lee and Barrett  2001  ) . 
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 The rationale for public policy attention (and perhaps action) in the context of ES 
with public good character is clear; environmental externalities, missing markets, 
information asymmetries, etc., suggest that without public sector interventions ES 
will be undervalued, overused and suffer from suboptimal levels of investment in 
many cases (Belli et al.  2001  ) . Even ES that provide private bene fi ts are sometimes 
underused or overused, for example, due to ‘conservation investment poverty’ (Vosti 
and Reardon  1997  ) ; these cases also merit public policy attention. However, since 
management is  never  costless, the existence of a market failure in the provision of ES 
is not suf fi cient to justify policy action. Decision-makers must understand the value 
or cost to ES bene fi ciaries of the effects of such a market failure and assess 
the effectiveness and costs of alternative options for addressing the problem. In the 
case of water pollution, for example, stakeholders may decide to invest in water 
treatment plants that substitute for natural water-purifying ecosystem services, 
especially if expanding natural puri fi cation systems displaces income and employ-
ment generating activities in upstream areas. 

 Therefore, taking any action at all requires that at least one instrument exists for 
which the bene fi ts to society outweigh costs of implementing it over a de fi ned time 
period; if this is not the case, then the socially optimal response is to take no action 
unless something changes this basic relationship. When several alternative instru-
ments exist that pass this  fi rst fundamental test, attention is then focused on the rela-
tive cost-effectiveness of alternative management instruments. How a given policy 
instrument performs vis-à-vis alternatives depends crucially on the implementation 
context and design. To illustrate this, consider the conceptual framework in Fig.  2.1 .  
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  Fig. 2.1    A stylised impact pathway for ES management       
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 ES management fundamentally seeks to change natural resource use decisions in 
favour of a speci fi c or collection of ES, for example, maintaining the climate-regulat-
ing function of tropical forests (i.e. reducing emissions from deforestation and deg-
radation – REDD) to mitigate global climate change. Often environmental policies 
also have additional objectives, such as poverty alleviation and sustainable eco-
nomic growth. Basically, three entry points exist to affect natural resource use deci-
sions (Fig.  2.1 ). ES management can (1) change the rules of the game by affecting 
the conditioning factors of natural resource use, for example, market prices through 
certi fi cation of commodities produced with reduced impact on forest biomass 
(Veríssimo et al.  2005  ) . Alternatively, decision-makers may (2) choose to in fl uence 
natural resource use decisions directly, for example, through payments for ecosystem 
services (PES) (Ferraro and Kiss  2002  ) , or (3) improve the enabling environment 
for sustainable local resource management, for example, through land tenure reform 
(Pacheco  2009  ) . 

 Since local resource use decisions are in fl uenced by conditioning (e.g. climate, 
natural resources and ES characteristics and markets) and enabling (e.g. institu-
tions, infrastructure and technology) factors, the outcomes and performance (cost-
effectiveness) of a given ES management approach also depend on these factors. For 
example, devolution of land rights to smallholders intended to improve community-
based forest management may not be effective in reducing deforestation, where 
governance is weak and property rights are poorly enforced. Likewise, PES may 
exacerbate preexisting inequalities if land and pressure on forests is concentrated 
among only a few large landholders (Börner et al.  2010  ) . 

 This chapter reviews the literature on ES management options in forested areas 
with two goals in mind. 2  Our primary objective is to provide an overview of instru-
ments that have been used or proposed for managing tropical forest ecosystems and 
to assess their likely performance. Though we draw mostly on examples from the 
Amazon and Andes regions, many of the observations and conclusions are valid 
beyond this regional context. A second objective is to identify research needs. This 
chapter is organised as follows. The next section sets out a typology of management 
instruments. Section  2.3  identi fi es factors that in fl uence the effectiveness of these 
instruments. Section  2.4  provides an assessment of the expected performance of 
speci fi c ES management instruments. Section  2.5  concludes this chapter by providing 
implications for research, capacity strengthening and policy.  

   2   We systematically screened over 600 peer-reviewed journal articles, research reports and institu-
tional publications that dealt with the options for and the effects of environmental management. 
For each policy instrument category, key studies were analysed in more detail. Most publications deal 
with carbon, plant biodiversity and water-related ES; there were fewer studies of forest products, 
soil degradation and air pollution; few publications address speci fi c and well-de fi ned ES. We attri-
bute this to the fact that the ES concept has only recently been widely adopted in the scienti fi c 
literature, and that, with the exception of water, few ES-speci fi c policy instruments are available. 
The Millennium Ecosystem Assessment (MEA 2005) provides one of the  fi rst, broad frameworks 
for de fi ning and managing ES. A complete list of the reviewed literature can be obtained from 
the authors.  
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    2.2   An Intuitive Typology of Management Instruments 

 Instruments to manage natural resource use and, hence, ES  fl ows have been classi fi ed 
in many different ways. For example, Bayon  (  2001  )  distinguishes public-good-speci fi c, 
incentive-changing and business options. Sterner  (  2003  )  divides the management 
toolbox into options to use markets, create markets, regulate use and engage the 
public. The MEA (2005) establishes categories of response options, such as legal, 
economic and social responses, among others. 

 Despite differences in the details associated with individual instruments examined 
in the literature, it is a common feature of all ES management instruments that they 
seek to in fl uence human behaviour. Ideally, a decision-maker’s goal is to ‘adjust’ 
human behaviour such that natural resources (and related ES) are used (or conserved) 
in socially optimal ways (Baumol and Oates  1988  ) . In practice, decision-makers 
seldom know (or agree on) what this social optimum is and, even if they did, may not 
know how to achieve it. However, while we may not know what ‘optimal’ is, stake-
holders in society do have strong preferences regarding natural resource manage-
ment and ES, and we know that market forces (alone) will not deliver what most 
stakeholders prefer. Informed intervention thus requires an intuitive framework for 
choosing among multiple potential intervention options. If we classify management 
instruments according to how they attempt to in fl uence human behaviour, 3  three 
basic (and admittedly not strictly separable) mechanisms can be distinguished:

    1.    Establishment of general conditions that  enable behaviour  driven by private 
incentives to contribute to achieving a given ES objective (Enabling)  

    2.    Provision of (speci fi c)  incentives that   change behaviour  in ways that contribute 
to achieving a given ES objective (Incentives)  

    3.    Provision of (speci fi c)  disincentives that change behaviour  in ways that contrib-
ute to achieving a given ES objective (Disincentives)     

    2.2.1   Enabling Measures 

 Management options in the ‘Enabling’ category contribute to establishing conditions 
that lead to the management of ES in more socially desirable ways without changing 
underlying incentives to resource users. In a sense, these ‘enabling’ options allow for 
ES outcomes that would emerge  if  economic agents’ behaviours were not constrained 
by an unfavourable conditioning or enabling environment. Common constraints in 
developing countries include the lack of basic public services, such as health and 
education, or the enforcement of property rights. In addition, the private sector also 
often fails to deliver agricultural technologies with large public good components or 

   3   We emphasise the word ‘attempt’ because the intensity and duration with which a given instru-
ment is used will, in part, determine its effect on human behaviour – for example, small price 
subsidies and short-term punishments may do little to change behaviour in the long term.  
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provide environmental education – in the former case, the private bene fi ts of 
technological change that accrue to farmers are expensive to ‘collect’, while in the 
latter case, the bene fi ts may not accrue at the individual level, so farmers will not be 
willing to pay for this service. 4  Societal demand for improved ES may in many such 
cases represent an argument in favour of measures that ‘enable’ farmers to increase 
natural resource use ef fi ciency, and thereby ES provision levels, through the adoption 
and correct use of improved production technologies. 

 However, implementing enabling measures will seldom guarantee a more socially 
acceptable outcome; no single enabling measure is likely to ‘remove’ all of the 
constraints that preclude the desired human behaviour (e.g. credit provision may not 
be suf fi cient to overcome the effects of insecure land tenure). Or in a less-constrained 
situation, an individual may choose behavioural options that do not involve the tar-
geted ES (e.g. credit provided for soil-enhancing investments may instead be used 
to pay for educational services for children). Research has, nonetheless, shown that 
in some situations enabling measures have contributed to more ef fi cient and socially 
optimal ES use or to less damaging ES modi fi cations (Kuyvenhoven  2004  ) . Enabling 
policy is often viewed as complementary measure needed for effective implementa-
tion of some incentive- and disincentive-based interventions (Auty and Kiiski  2002 ; 
Börner et al.  2010  ) . Lastly, because enabling measures, by de fi nition and design, 
aim to increase options available to resource users, they can have negative spillover 
effects on natural resources and related ES, for example, providing rural credit in 
forested areas can increase deforestation unless forests are not protected effectively 
by additional measures (Angelsen and Kaimowitz  2001 ; Vosti et al.  2002  ) . 

 Studies all over the world have shown that situations of poorly de fi ned or incom-
pletely enforced property rights (i.e. resource tenure insecurity) and nonexistence of 
property rights (i.e. open-access situations such as unguarded or unmanaged com-
mon pool resources) motivate natural resource ‘mining’ strategies, that is, the rapid 
exploitation of ES and ecosystem goods in the face of uncertain opportunities for 
future use (Hotte  2001 ; Schuck et al.  2002  ) . A frequently cited example of an 
enabling ES management option to deal with this problem is the transfer of property 
rights to natural resources or related ES from (say) federal control to lower-level 
administrative units or even local resource users (Agrawal and Gupta  2005 ; Persha 
et al.  2011  ) . The effectiveness of this approach naturally depends on whether the 
resulting new property right regime is accepted and enforceable at the local level. 

 Environmentally friendly technological alternatives to traditional technologies, 
if these alternatives can pro fi tably compete with current practices, will likely be 
adopted by users without speci fi c incentives that encourage their use or disincen-
tives that discourage the use of environmentally more damaging technologies (Qaim 
et al.  2006  ) . If, however, access to such technologies is limited by liquidity constraints, 
interventions such as rural credit schemes have been shown to increase adoption 
rates and improve ES provision levels (Anderson et al.  2002 ; Anderson and 
Thampapillai  1990  ) . 

   4   For a list of reasons why the private sector will not provide the needed goods or services, see 
technical appendix in Belli et al.  (  2001  ) .  
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 Government and civil society engagement in environmental education and 
 awareness building has shown to be a major contributor to reducing the costs of 
environmental management by affecting human behaviour in ways that narrow the 
gap between privately and socially optimal ES  fl ows (Kollmuss and Agyeman  2002 ; 
Palmer et al.  1998  ) . 

 In some cases, relatively small investments in establishing mutually bene fi cial 
partnerships can help solve environmental problems (Schwartzman and Zimmerman 
 2005  ) . Research on partnerships, however, has also shown that implementing such 
enabling management instruments often requires long-term coordination and the 
establishment and maintenance of a legal regulating framework (Visseren-Hamakers 
and Glasbergen  2007  ) , all of which can be expensive. 

 Finally, farm income (a commonly used indicator of human welfare) and some 
extreme ES  fl ows are directly and negatively linked; for example, excessive rainfall 
can cause  fl ooding that destroys crops or droughts can make agriculture infeasible. 
Insurance schemes have traditionally been used to mitigate the negative effects 
related to extreme weather events (Hazell et al.  1986  ) , and the public sector has 
played important roles in establishing, monitoring and guaranteeing such schemes. 
In situations in which risk undermines the incentives to adopt ES-friendly tech-
nologies or farming practices, insurance schemes can contribute to stabilising or 
increasing incomes, and to ES conservation (Nail et al.  2007  ) .  

    2.2.2   Incentive-Based Management Instruments 

 Whenever ES are underprovided, overused or underinvested in from a social per-
spective, one frequent cause is that the value of that ES is not evident to or captured 
by the individuals in fl uencing their provision. In such situations, governments and 
local ES bene fi ciaries have often decided to provide direct incentives that encourage 
ES conservation or land use practices that provide additional ES (Portney and 
Stavins  2000  ) . Subsidies represent one way of providing incentives, for example, by 
reducing the costs of fertilisers and fuel or providing cheap credit lines for particular 
agricultural activities (Huber et al.  1998 ; Lowe et al.  1999  ) . However, subsidies 
supporting the production of goods that intensively use (e.g. water for agriculture) 
or compete with (e.g. forest clearing for agriculture) ES have often contributed to 
ES losses (Brouwer and Lowe  2000  ) . Nonetheless, these policy instruments can be 
used and combined with other measures to change behaviour in ways that generate 
or protect ES (Oenema et al.  2006  ) . 

 Payments 5     are generally perceived to be the most direct way to stimulate the 
provision of a given ES, and while few concrete examples are currently in place, 

   5   The ‘environmental services’ addressed by most existing PES schemes are equivalent to ecosystem 
services with public good character, for example, carbon  fi xation and biodiversity-related bene fi ts, 
or scenic beauty (Landell-Mills and Porras  2002 ).  
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PES has received much attention in the recent environmental management literature 
(Börner et al.  2007 ; Milne and Niesten  2009 ; Wunder et al.  2008  ) . Costa Rica was 
one of the  fi rst countries to implement a national PES scheme to manage ES, such 
as biodiversity conservation, soil erosion control, water  fl ow regulation and forest 
carbon retention (Pagiola  2008  ) . However, the cost-effectiveness and equity effects 
of these pioneering projects have yet to be comprehensively assessed, especially for 
the case of large-scale interventions (Pattanayak et al.  2010 ; Wunder  2008  ) . 

 Certi fi cation or ecolabelling is a widespread management instrument used to 
increase the market prices of products as an incentive in favour of ES-friendly 
 production practices (Ferraro et al.  2005  ) . The certi fi cate or label is used to separate 
markets for conventional and more eco-friendly products and to allow consumers 
the option of paying (at a premium) for the improved management of ES. Some 
authors therefore refer to certi fi cation also as a market creation management instru-
ment (Nunes and Riyanto  2001  ) . Establishing and managing certi fi cation and 
 ecolabelling schemes can be expensive, and an array of product, market and other 
conditions must be ful fi lled for certi fi cation schemes to be successful in developing 
country contexts (Ebeling and Yasué  2009  ) .  

    2.2.3   Disincentive-Based ES Management Instruments 

 Disincentives are the most commonly used policy instruments for environmental 
management, especially in Latin America (Huber et al.  1998 ; Seroa da Motta et al. 
 1996  ) . Whenever the costs associated with ES use or modi fi cation are perceived by 
society to be excessive, disincentives can be used to reduce and regulate the agricul-
tural or other activities that are causing ES losses. Measures such as regulations 
(e.g. forest retention laws), bans (e.g. trade bans on endangered species) and stan-
dards (e.g. gender and size restrictions on the harvesting of certain types of wildlife) 
are typical examples for disincentive-based management. Compliance is rarely vol-
untary, so  fi nes and legal action (e.g. con fi scation or even imprisonment) are often 
used to enforce compliance (Pearce and Turner  1990  ) . Disincentive-based manage-
ment has been largely criticised as being economically inef fi cient and as having 
negative effects on poverty (Dietz et al.  2003 ; Holling and Meffe  1996  ) . Recent 
evidence, however, suggests that enforcement of forest conservation law has 
signi fi cantly reduced deforestation in parts of the Brazilian Amazon (Hargrave and 
Kis-Katos  2010  ) . Yet, independent of impact assessments, disincentive-based ES 
management has remained popular among public policymakers, in part because 
regulations are relatively easy to establish (though    eventually costly to enforce, 
especially in the context of developing countries, Robinson et al.  2010  )  but also 
because they can generate government revenue in the form of  fi nes. 

 Environmental taxes, for example, on land, represent another disincentive-based 
policy option that has been shown to bring about both ES  and  welfare gains at least 
in the context of developed countries (Bosquet  2000 ; Johnstone and Alavalapati 
 1998  ) . In developing countries, however, levying taxes to enhance ES  fl ows can 
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have adverse effects on the asset portfolios and income  fl ows of the poor (Bruce 
and Ellis  1993  ) . 

 User fees represent an option for managing ES use and modi fi cation at the local 
level, for example, in national parks and other forms of protected areas (Green and 
Donnelly  2003  ) . User fees, for example, in the form of resource extraction permits 
for timber or non-timber forest products, also represent a form of regulating resource 
use and extraction (and hence some ES associated with these resources) (Simula 
et al.  2002 ; Sudirman and Nely  2005  ) . Research has shown that large economic 
bene fi ts can be derived from allowing controlled access to and use of protected 
areas, especially if they are successfully integrated in local and international markets 
for tourism and other rather ‘nondestructive’ uses (Amend et al.  2006  ) . Whether 
protected areas achieve conservation objectives crucially depends on effective 
enforcement. Nonetheless, two global studies have recently con fi rmed that protected 
areas have worldwide signi fi cantly reduced the pressure on protected forests (Nelson 
and Chomitz  2011 ; Porter-Bolland et al.  2011  ) . Surprisingly, community-managed 
forests and extractive reserves fared better than strictly protected areas in terms of 
conservation effectiveness, suggesting that protection need not be at odds with the 
sustainable management of forest resources.   

    2.3   Factors Affecting the Performance of ES 
Management Instruments 

 In this section, we discuss three sets of factors that in fl uence the effectiveness of, 
and the co-bene fi ts generated by, ES management instruments. We,  fi rst, focus on 
the biophysical characteristics of ES, such as spatial and temporal characteristics as 
well as complexity (Daily et al.  2009 ; Fisher et al.  2009 ; Kremen  2005  ) . Second, we 
examine the socioeconomic conditions of natural resource users, which have 
recently become a key issue in the debate on the scaling up of incentive-based 
ecosystem service management under an international, REDD mechanism (Agrawal 
et al.  2011  ) . Third, we explore the institutional environment for ES management 
that governs, at least in the short term, the pathways through which incentives, 
disincentives and enablement measures can be delivered on the ground and thus 
critically determines their cost-effectiveness (Howlett  2004 ; Ostrom  2008  ) . 

    2.3.1   The Biophysical Characteristics of ES 

 The MA    ( 2005 ) de fi nition of ES included many types of bene fi ts that humans can 
obtain from the environment. Understanding some of the basic properties of this 
mixture of ecosystem services and goods is therefore the  fi rst step to evaluating the 
potential costs and effectiveness of alternative management instruments. 
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    2.3.1.1   Complexity and Interdependence 

 All ES result from complex geobiophysical interactions, but not all ES are equally 
‘systemic’. Promoting carbon sequestration, for example, requires far less know-
ledge about ecosystem functioning than enhancing soil fertility or species diversity, 
both of which depend much more on the presence of a variety of ecological 
processes, and hence may be more vulnerable to ecosystem modi fi cations. This 
biophysical ‘independence’ and (hence) predictability of management-instrument-
speci fi c effects has made it easier to develop quantitative measures of carbon stocks 
and  fl ows in a variety of land use systems and to identify and test policy approaches 
to managing this important ES in the context of forest and in agroecosystems (Fisher 
et al.  2009 ; Pagiola et al.  2002  ) . Ecosystem services related to biodiversity, on the 
other hand, tend to be more complex and interdependent, for example, the number 
of trees in a certain environment can be as important as the composition of tree species 
for habitat quality (Arroyo-Rodríguez and Mandujano  2006  ) . 

 The MEA classi fi es ES based on their key functions in an ecosystem into regu-
lating, provisioning and supporting (among others) services. This classi fi cation 
approach is particularly useful to identify the amounts and pathways through 
which ES bene fi ts  fl ow to speci fi c stakeholder groups. Knowing these pathways 
facilitates the process of determining who could and should cover at least some of 
the costs of managing ES. From a management point of view, however, this 
categorisation of ES may be less convenient, because it groups ES with very 
different characteristics in the same categories. For example, managing  fl ood 
versus climate-regulating ES requires hugely different sets of knowledge and 
policy instruments. Identifying cost-effective intervention mechanism thus often 
requires better know ledge about the implications of speci fi c ES characteristics 
for management (Kroeger and Casey  2007  ) .  

    2.3.1.2   Non-excludability 

 Both the challenge and the need for managing ES arise from the fact that the bene fi ts 
derived from them are often ‘non-excludable’. Consider, for example, carbon 
sequestration in forest plantations: the climate-regulating functions of these planta-
tions accrue to the society as a whole and not exclusively to the individual even 
if the individual owns the land on which the carbon was sequestered. Soil quality 
on private land, on the other hand, is an excludible ES that provides bene fi ts 
exclusively to the owner. Conserving soil quality is thus often in the best interest 
of the owner. 

 If all bene fi ts of a given ES can potentially be captured by the stakeholders that 
affect their provision, incentives and disincentives intended to increase their provi-
sion levels will usually not remove the underlying causes of ES losses. In the case 
of soil quality, the causes of degradation can often be traced back to the lack of 
access to soil quality conserving agricultural practices (Vosti and Reardon  1997  ) .  
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    2.3.1.3   Temporal and Spatial Dimensions and Interdependency 
of ES Provision 

 The provision of ecosystem services varies naturally over time and space (Kremen 
 2005  ) . For example, rivers reach the ocean at speci fi c points, and although the water 
they carry may in fl uence ecosystems for many miles out to sea, eventually these 
in fl uences disappear. Elevation patterns in mountainous regions, such as the Andes, 
introduce enormous spatial variations in the provision of ES, especially if they 
depend on climate conditions. But even in regions with less heterogeneous elevation 
patterns, such as the Amazon basin, bedrock characteristics and tidal inundation 
introduce additional spatial variability to ES provision and related bene fi ts. For 
example, tidal movements in the Amazon allow for electricity generation in small-
scale tidal power plants along some, but not all, rivers and temporally inundated areas 
(Charlier  2003  ) . 

 Often there are also multiple temporal patterns to ES provision – diurnal, monthly, 
seasonal and interannual. For example, huge diurnal temperature variations in some 
mountainous regions affect the types of vegetation that will naturally occur and the 
agricultural crops that can be grown. Or, to take another example, river discharge in 
the Amazon has been shown to vary enormously depending on the ENSO cycle with 
implications for hydropower generation,  fl uvial transport and  fi shery production 
(Richey et al.  1989  ) . These natural patterns affect the patterns of responses of ES to 
management interventions. 

 With regard to both space  and  time, there can be great uncertainty regarding ES 
 fl ows. For example, we may not know where the end point of in fl uence of a particular 
stream  fl ow might be at a given point in time, because weather patterns in a given 
year can extend or reduce that stream’s  fl ow. Some of this uncertainty can be reduced 
or better understood with the proper investments in research/monitoring, but other 
aspects of this uncertainty will be dif fi cult to discover; this is especially true for ES 
that have yet to be concretely de fi ned or measured. Regardless, decision-makers 
wrestling with selecting management instruments and crafting them to be cost-
effective in speci fi c agroecological and socioeconomic circumstances should know 
that while ‘on average’ these management instruments may succeed in meeting 
stated ES objectives, there will be times and places (within their target temporal and 
geographic domains) when/where their  fi nal mode of intervention will overshoot and 
undershoot these same objectives. The costs to society of these over- or undershootings 
may be quite signi fi cant. 6  

 Finally, as a result of these spatial and temporal dynamics, the social bene fi ts of 
ES management in a given place and time may accrue to different stakeholder groups 
many years later, for example, slowing deforestation in the Amazon may help retain 
historical rainfall patterns at a continental scale (Werth and Avissar  2002  ) .  

   6   For example, the value of surface water during the wet season can be much lower than the value 
of surface water during the dry season (Torres et al.  2012  ) .  
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    2.3.1.4   Implications of ES Characteristics for Choosing 
ES Management Instruments 

 Complexity, interdependence and uncertainty in temporal and spatial ES dynamics 
mean that management interventions can be ineffective or, worse, produce unexpected 
negative consequences. An important  fi rst step toward managing ES is to recognise 
that humans simultaneously adapt to and change ES provision through activities 
that alter natural temporal and spatial dynamics. These activities and related 
investments are undertaken to harness the private bene fi ts of ecosystem services 
(e.g. diverting river  fl ows to irrigate agricultural products) or to reduce the private 
damages associated with ecosystem disservices (e.g. building levees to reduce 
 fl ooding), or for reasons that are not directly related to ES but still can affect ES 
 fl ows. ES-modifying activities are thus not distributed randomly over the landscape; 
spatial patterns of investments and activities will be carried out where their private 
economic returns are positive, and they will be undertaken  fi rst in areas where these 
returns are highest (Chomitz and Thomas  2003 ; Pfaff  1999 ; Thünen  1826  ) . Rapid 
and unexpected changes in ES caused by management interventions thus imply 
potentially large costs to those who are particularly dependent on (or who have 
adapted to) the ES targeted by policymakers for intervention. This often applies, for 
example, to downstream water users after the construction of dams. 

 It should also be noted that changes in natural phenomena can have similar welfare-
reducing effects on individuals and communities that have developed livelihood 
strategies based on expected ES  fl ows. For example, the 2005 drought in the Amazon 
exempli fi ed the implications of water shortages to the local and regional economies, 
for example, disruptions in local and regional river-based transport, that have deve-
loped under conditions of relative water abundance (Zeng et al.  2008  ) . 

 A  fi rst step toward ES management is therefore to understand how the charac-
teristics of the targeted ES and its current use affect:

    1.    The types of bene fi ts that the ES provide (e.g. income, air quality)  
    2.    The ways in which these bene fi ts are generated (e.g. income via agriculture)  
    3.       The ways in which temporal and spatial patterns of bene fi ts are generated  
    4.    To whom these bene fi ts directly and indirectly accrue     

 The second step is to ask how alternative ES management instruments affect these 
four items. 

 In practice, we may not have the means to measure actual ES, for example, 
accurately measuring watershed services can be exceedingly complex and expensive 
(Perrot-Maitre  2006  ) . Hence, decision-makers are often forced to manage land uses 
(or other broader units that are relevant for ES provision) in the hopes of in fl uencing 
speci fi c ES  fl ows (Wunder  2005  ) . A common approach to managing these cases 
involves identifying (but not necessarily measuring) the target ES and the land uses 
or land cover types deemed most likely to generate it (e.g. river bank vegetation to 
reduce erosion and thus water turbidity levels). It is assumed that if the policies are 
successful in retaining or expanding the target land uses, this success will be propor-
tionately replicated for the targeted ES. The literature has pointed out the problem 
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associated with many of the assumptions underlying this approach, for example, 
the extent to which heterogeneity within land use categories can affect ES  fl ows. 
For example, a forest use regulation and a cap-and-trade system may be equally 
effective in retaining a speci fi c total amount of forested land; however, the geographic 
distribution of the forests retained by the two interventions will likely be different, 
with possible consequences for some ES (Debinski and Holt  2000  ) . 

 One important implication is that decision-makers are generally forced to manage 
‘bundles’ of ES by selecting management instruments that affect land use and land 
use change. Bundling may often allow decision-makers to credibly suggest that 
unknown or highly undervalued ES are included in these bundles (e.g. conserving 
primary forest carbon stocks through REDD will also conserve biodiversity). But, 
depending on how well individual components of a ‘bundle’ can be measured, this 
approach makes it harder (and more expensive) to identify the bene fi ciaries of ES 
management actions and to articulate demand for management actions (Wunder and 
Wertz-Kanounnikoff  2009  ) .   

    2.3.2   Institutional and Socioeconomic Factors Affecting 
the Performance of ES Management Instruments 

 A series of institutional factors can affect the performance of ES management 
instruments. Often, ES bene fi ts are not directly related to natural characteristics. 
Instead, various layers of property rights attached to natural resources through legal 
and/or customary norms and regulations usually govern local access to and use of 
ES, for example, living next to a river does not necessarily convey water use rights 
(Ostrom et al.  2005 ; Schlager and Ostrom  1992  ) . In developing country contexts, 
the enforcement of legally de fi ned property rights is often weak. In the Amazon 
and in the neighbouring Andes region, many natural resources are de facto open 
access resources with ill-de fi ned, incomplete, nonexistent, con fl icting or weakly 
enforced property rights (Ravnborg and Guerrero  1999 ; Seroa da Motta and Ferraz 
do Amaral  2000  ) . 

 Lack of administrative capacities and operational infrastructure is often the reason 
for poor enforcement of property rights and at the same time limit the effectiveness 
and increase the costs of incentive and disincentive-based management options 
(Börner et al.  2011 ; Robinson et al.  2010  ) . For example, PES schemes may be ineffec-
tive if the recipients (e.g. landowners) cannot exclude others from modifying ES 
originating from their land. Moreover, if property rights are poorly de fi ned, regulators 
will  fi nd it harder to establish liability for illegal natural resource degradation. Some 
research, nonetheless, suggests that offering PES may actually encourage property 
right enforcement by rural communities and, overall, lead to positive environmental 
and welfare outcomes (Engel and Palmer  2008  ) . Effective property right transfers or 
supporting local communities to build and maintain ef fi cient local institutional 
arrangements that regulate resource use and access will nonetheless often be necessary 
to address situations where property rights are ill de fi ned and/or weakly enforced 
(IFAD  2003 ; McGrath et al.  1993  ) . 
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 Even if effective institutions are in place to implement and monitor ES manage-
ment instruments, socioeconomic conditions will play an important role in affecting 
the performance of ES management instruments. A straightforward rule that applies 
to incentives (e.g. payments) or disincentives (e.g.  fi nes) for ES management is that 
the costs of noncompliance must outweigh the bene fi ts, that is, compliance levels 
tend to be low if the expected value of  fi nes are smaller than the expected bene fi ts 
associated with noncompliance, because of low  fi ne levels and/or low pro bability of 
enforcement (Becker  1968  ) . Imperfect enforcement of payment contracts may have 
even worse implications for the cost-effectiveness of this particular management 
instrument, because higher (than opportunity cost) transfers will be needed to pur-
sue recipients to comply with the conditions attached to payments (Börner et al. 
 2011  ) . 

 Poverty, which is often associated with (or caused by) limited access to basic 
public services, credit and agricultural technologies, can represent a signi fi cant 
barrier to cost-effective ES management. If disincentive-based interventions restrict 
poor people’s access to essential natural resources and their locally valued ES, man-
agement instruments may be ineffective, at best, or even deepen poverty. Poverty 
also typically coincides with poor institutional and organisational capacity, which 
represents a challenge for most enabling and incentive-based intervention options. 
It has, for example, been argued that the spatial coincidence of poverty and valuable 
ecosystem services, especially in Latin America, comes with an opportunity for 
achieving win-win outcomes through PES. Several studies, however, emphasise that 
high transaction costs (for both scheme implementers and for the poor) and the lack 
of formal land titles can limit the participation of poor ES service providers in such 
conditional incentive schemes (Pagiola et al.  2005 ; Pfaff et al.  2007 ; Rios and 
Pagiola  2010  ) . Poverty alleviation objectives of PES, in addition, may be jeopardised 
if landless poor rural dwellers lose employment opportunities in set-aside (purely 
conservation-oriented) as opposed to asset-building (e.g. reforestation) schemes 
(Wunder  2008 ; Zilberman et al.  2008  ) . 

 Farmers may also not be poor by standard poverty measures, but still be too poor 
to invest in sustainable land use practices, that is, they may suffer from conservation 
investment poverty (Vosti and Reardon  1997  ) . In such cases, disincentive measures 
intended to induce more intensive land uses may fail to bring about the desired 
outcomes. However, even PES may fail if conservation investments are subject to 
severe liquidity constraints, for example, the purchase or rental of heavy land machi-
nery. Yet, depending on conditioning factors, poverty may also inhibit environmental 
degradation. For example, subsidies to encourage investments in seemingly sustainable 
land uses can result in more, rather than less, deforestation and declines in forest ES 
(Börner et al.  2007 ; Vosti et al.  1997  ) . 

 Finally, many management instruments in the enabling category, such as 
community-based resource management, require collective action, civil engagement 
and local organisational capacity, result in enhanced ES provision (Kellert et al.  2000  ) . 
In recently settled areas, such as at the margins of tropical moist forest, most of these 
types of social capital are often in short supply (Fearnside  2001  ) . Interventions that 
rely heavily on preexisting social capital may thus often represent promising options 
only in the long run and face large establishment and maintenance costs. 
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    2.3.2.1   Implications of Institutional and Socioeconomic 
Factors for ES Management 

 Local institutional and socioeconomic circumstances mean than no blueprint 
approaches exist to managing ES, especially in the developing world. A couple of 
general lessons nonetheless emerge. First, when ES losses are the result of lacking 
formal or customary institutional structures and/or poverty, direct ES management 
through most incentive and disincentive-based instruments is unlikely to remove the 
root causes of ES loss and be ineffective and/or costly at best or result in undesired 
outcomes at worst. Enabling measures, such as provision of basic education and 
other public services as well as improving access to locally adapted technological 
innovations may instead often represent more effective initial investments toward 
improving ES provision. 

 Second, the size and timing of the net bene fi ts associated with ES-modifying 
activities and investments and the stakeholder groups to whom these bene fi ts 
accrue will in fl uence ES management outcomes. For example, where such activi-
ties and investments are very pro fi table (as is often case for the extraction of pre-
cious timber resources), PES schemes will be expensive and perhaps beyond the 
 fi scal means of policymakers or willingness of ES bene fi ciaries to pay. Under 
such circumstances, land use taxes (which reverse the  fi nancial  fl ows among 
stakeholder groups, vis-à-vis PES) or land use regulations may be more cost-
effective ES management instruments, even when enforcement/monitoring costs 
are included in the comparison. 

 Third, at least in the short term, trade-off relationships between ES objectives 
and other development objectives are the rule rather than the exception. 7  Hence, ES 
managers must recognise that individual ES management instruments may often 
not achieve both poverty alleviation and ES management objectives. Poverty alle-
viation generally requires a broader development approach involving various non-
environmental policy investments and activities. The existence of trade-offs also 
often calls for negotiation-based solutions, in which stakeholders need equal 
opportunities to guarantee fair outcomes. If direct negotiation between ES users 
and modi fi ers is an option, for example, in small watersheds, PES schemes may 
often require little or no government involvement. Reducing deforestation at a 
larger scale will, however, always depend on the involvement of governments, 
because ES bene fi ciaries lack the means and legal mandate to monitor and enforce 
conservation contracts. 

 Fourth, because ES management is often land use based, rural landless people 
may be affected in unintended ways. Especially when ES management options, 
such as REDD, are applied. ES managers must therefore consider safeguards for 
this and other vulnerable groups. 

   7   More fundamentally, economic ef fi ciency requires identifying speci fi c policy instruments to 
resolve speci fi c policy problems; it will rarely be the case that an environmental policy instrument 
is the most ef fi cient way to resolve (say) an economic development problem.  
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 Finally, an old paradigm is that local problems require local solutions. As we 
have seen, this holds for some but certainly not all problems related to ES provision 
and use. Many central governments have tried to address this notion by delegating 
the management of some natural resources (and hence ES) to lower-level adminis-
trative units, such as states or districts, in both developed and developing countries. 
Decentralised management, however, poses new challenges to effective and ef fi cient 
ES management, among them the risk that unprepared and under fi nanced local gov-
ernments lack the administrative and technical capacities to take and effectively 
implement policies related to ES  fl ows (see Toni and Kaimowitz  2003  for the exam-
ple of forest management in the Amazon). 

 But even if local governments and local civil society  are  prepared to cost-
effectively handle local ES  fl ow management challenges, such challenges are 
generally not exclusively local but rather ‘spill over’ spatially and temporally into 
the domains of other decision-makers. Some very important ES  fl ows with large 
public good components do not coincide with, or are not contained within, admin-
istrative boundaries, so managing them requires cooperation across policymaking 
boundaries. Among the Amazon and Andean countries, this notion has given rise 
to the foundation of the Amazon Cooperation Treaty Organization (ACTO). 
However, multilateral environmental agreements and partnerships around the 
world are plagued with the same dif fi culties, for example, free riding (individuals, 
communities or even countries reaping the bene fi ts of ES management without 
paying their share of management costs) and high transaction costs of intergov-
ernmental negotiations (Chang and Rajan  2001  ) .    

    2.4   ES Management Instruments and Expected 
Performance: An Overview 

 This section highlights selected factors that our review of the literature suggests are 
likely to affect cost-effectiveness and poverty alleviation objectives of ES manage-
ment. Table  2.1  summarises key factors that (if present) in fl uence the performance 
of selected ES management instruments. 

 Column 1 of Table  2.1  identi fi es the management option type, column 2 identi fi es 
the ES to be managed, column 3 addresses poverty alleviation, column 4 identi fi es 
factors that affect the cost-effectiveness of reducing poverty and the  fi nal column (5) 
examines factors in fl uencing the cost-effectiveness of achieving ES management 
objectives. 

 Beginning with column 2, it is clear that most instruments can be used in theory 
to address either speci fi c ES  or  a bundled set of ES. In practice, however, the great 
majority of ES management instruments has been used to in fl uence human behav-
iour with respect to broad natural resource categories, such as forests or  fi shing 
grounds among many others (as suggested in Fig.  2.2 ), with expected direct effects on 
speci fi c ES  fl ows, most of which are not measured in detail. The notable exception 
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are PES schemes that are often speci fi cally designed to address one or two well-
de fi ned ES, such as carbon or watershed services, but which likely have spillover 
effects (of different magnitudes and perhaps in different directions, vis-à-vis the 
targeted ES) on other ES.  

 Almost all instruments can potentially be designed in ways that leave the poor 
unaffected, or perhaps even better off (column 3 in Table  2.1 ). However, designing 
and implementing measures to achieve poverty neutrality or to reduce poverty 
generally implies additional up-front costs (e.g. those associated with building 
participatory or institutional capacity) and operational costs, and decision-makers 
have not always been willing or able to incur these costs. Poverty effects, nonethe-
less, tend to vary across ES management instrument categories. Poverty effects of 
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  Fig. 2.2    ES management instruments by means of impact       
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‘enabling’ instruments, for example, those delivering technological innovations, tend 
to depend on whether the poor will be able to reap their bene fi ts of ES management. 
When access to technological innovations is limited, the poor generally do not 
bene fi t and may even become poorer, for example, when productivity increases 
among nonpoor adopters result in lower product prices. Or, the poor may lack 
experience and (hence) skill and bargaining power, which can limit their ability to 
effectively participate in the design of ES management, such as community-based 
resource management or public-private partnership agreements. 

 In the case of disincentive-based instruments (e.g. taxes or  fi nes), mechanisms 
need to be in place to compensate low-income groups (e.g. tax exemptions) for 
negative welfare consequences or instruments need to be designed in ways that 
leave the poor unaffected (e.g. allowing the resource-poor to continue to engage in 
subsistence activities in protected areas). Incentive-based instruments, such a PES, 
on the other hand, often require a minimum level of market access to work effec-
tively. For example, conservation payments to farmers living in remote areas without 
access to food markets may not compensate for losses in subsistence production. 
Also, mechanisms need to be in place to make sure that price premiums actually 
trickle down to the poor instead of being captured by intermediaries, as has been the 
case for some forest certi fi cation schemes (Harris et al.  2001  ) .  

 In many countries, ES modifying activities are already highly regulated, at least 
on paper. For example, over 40% of the Brazilian Amazon region is covered by vari-
ous categories of protected areas and indigenous territories, whereas the remaining pub-
lic and private land is subject to the national forest retention standard that requires 
80% of landholdings to remain under primary forests. Many other countries, like Peru, 
have banned deforestation almost completely. In practice, however, deforestation 
continues to take place (illegally) wherever it is pro fi table to do so, that is, mainly 
alongside roads and highways (Laurance et al.  2002  ) . Increasing the effectiveness 
of existing regulatory policies by enforcing them more rigorously is thus often seen 
as a low-hanging fruit for ES management. But, especially in remote parts of the 
Amazon, where  fi eld-based enforcement of disincentives can operationally become 
more costly than providing incentives, PES for avoiding deforestation may come to 
be a cost-effective complementary measure (Börner et al.  2010 ; Nepstad et al.  2007 ; 
Swallow et al.  2007  ) . 

 Where property rights are secure, resource users are relatively homogeneous 
and communities are willing to cooperate; building capacities for more effective 
ES management is likely to help maintain essential ES and contribute to poverty 
alleviation. However, strong incentives for ES modifying activities will always 
represent a major challenge for ES management; wherever such incentives are high, 
ES management will also be costly. This is especially true if ES do not provide 
direct bene fi ts to resource users or if bene fi ciaries do not have a voice to negotiate 
ES outcomes. Hard trade-offs therefore need to be faced by those that promote 
economic growth and infrastructure development, for example, at forest frontiers, 
unless the global community that bene fi ts from forest-based ES is willing to compen-
sate land users for foregoing economic opportunities.  
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    2.5   Implications for Research, Capacity Strengthening 
and Policy 

 This chapter reviewed the theoretical and applied literatures on instruments that can 
be or have been used to manage ecosystem services (ES). The primary objective 
was to explore the biophysical and socioeconomic factors that affect the cost-
effectiveness of alternative ES management instruments. A second objective was to 
assess the effects of ES management instruments on the welfare of the rural poor 
inhabiting areas targeted for ES management. We conclude here by indentifying key 
knowledge gaps with regard to three essential questions that decision-makers need 
to answer before making informed decisions on ES management. 

 First, what do we know about ES dynamics and their relationship with poverty? 
In terms of measuring poverty (especially measured in terms of income), we are on 
solid theoretical and empirical grounds – we can measure poverty and poverty 
dynamics – so any major gaps in knowledge are primarily attributable to insuf fi cient 
resources having been dedicated to identify the poor and measuring the depths 
and nature of their poverty. As regards ES dynamics, the scienti fi c base is much 
weaker – with relatively few exceptions (e.g. biomass carbon measurement), 
 science has yet to provide decision-makers with practical measures of ES that cap-
ture their most important spatial and temporal dynamics. Complexity and uncer-
tainty, however, suggest that such measures may often not exist. In times of climate 
change, research on how ES management can optimally deal with persistent and/or 
changing uncertainty is therefore all the more necessary. 

 Second, if stakeholders are unhappy with current levels of ES provision, why and 
what are the nature and degrees of their displeasure? Answering these questions 
requires knowledge of the private and social bene fi ts associated with ES, the costs 
associated with changes in these  fl ows and how these bene fi ts/costs vary across 
stakeholder groups. Progress on this front has recently been made, for example, 
through initiatives like The Economics of Ecosystem and Biodiversity (TEEB), 8  but 
large gaps in knowledge remain particularly in developing countries. The most 
important of these gaps is the development of methods to measure the bene fi ts 
(though not always necessarily the monetary value) associated with particular ES or 
bundles of ES, and how these bene fi ts change as ES are modi fi ed. To address concrete 
decision-makers’ needs, these methods must incorporate the site-speci fi c patterns of 
ES  fl ows and generate ranges of expected bene fi t  fl ows that capture the inherent 
uncertainty associated with important ES and their values to society. 

 Third, if policymakers decide to take action, what should be done and by whom? 
Answers to this question must build on the site-speci fi c responses to the previous 
two questions plus an understanding of the determinants of the behaviour that 
modi fi es the ES in question as well as its responsiveness to management interven-
tion. Research on land use and land cover change has made signi fi cant progress 
in understanding household level decision-making, but many of the most pressing 

   8     www.teebweb.org      
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ES management problems will have to be resolved at the community or at more 
spatially and socioeconomically aggregate levels. To extract lessons learned from 
current and past environmental policy initiatives, more rigorous impact assessments 
are needed that lead us to understand how policy design and the local conditioning 
environment affect the performance of individual and combinations of ES manage-
ment instruments. Often such evaluations will have to rely on methods that allow 
establishing credible counterfactuals for policy interventions, such as matching 
analyses (Ferraro and Pattanayak  2006  ) . 

 Finally, ES management choices are not merely decisions of independent social 
welfare optimising principals but the result of political bargaining processes. Work 
on new ways of establishing and managing dialogue related to ES management 
among stakeholder groups is progressing; such dialogue is generally seen as a 
necessary condition for achieving successful and sustainable outcomes. However, 
large gaps remain in identifying the most ef fi cient methods of establishing and 
managing multi-stakeholder interactions and in developing mechanisms to generate 
and deliver needed science-based information into such discussion settings. 

 As the debate around reducing emissions from deforestation and degradation 
(REDD) evolves, many proponents begin to realise that only incomplete answers 
exist to the three questions posed above. The resulting uncertainty about how REDD 
could and should be implemented has led to mounting opposition against the concept 
that threatens its successful implementation (Agrawal et al.  2011  ) . Forward-looking, 
scenario-based policy research that openly deals with the uncertainties attached to 
costs as well as environmental and social impacts of ES management could provide 
crucial input for a constructive, outcome-oriented policy debate.      

  Acknowledgements   This work bene fi ted from consultations with stakeholders from Brazil, 
Bolivia, Peru, Ecuador, Colombia and Venezuela. We thank Maren Hohnwald, Sam Fujisaka and 
Roberto Porro for valuable support and Gretchen Daily, Susan Poats and Donald Sawyer for 
useful comments to improve the initial manuscript. A previous version of this chapter was part of 
a report to the Ecosystem Services and Poverty Alleviation Program funded by NERC, DFID and 
ESRC – partial funding is gratefully acknowledged.  

   References 

    Agrawal, A., & Gupta, K. (2005). Decentralization and participation: The governance of common 
pool resources in Nepal’s Terai.  World Development, 33 , 1101–1114.  

    Agrawal, A., Nepstad, D., & Chhatre, A. (2011). Reducing emissions from deforestation and forest 
degradation.  Annual Review of Environment and Resources, 36 , 373–396.  

    Amend, M. R., Reid, J., & Gascon, C. (2006). Benefícios econômicos locais de áreas protegidas 
na região de Manaus, Amazonas.  Megadiversidade, 2 , 60–70.  

    Anderson, J. R., & Thampapillai, J. (1990).  Soil conservation in developing countries: Project and 
policy intervention . Washington, DC: World Bank.  

    Anderson, C. L., Locker, L., & Nugent, R. (2002). Microcredit, social capital, and common pool 
resources.  World Development, 30 , 95–105.  

    Angelsen, A., & Kaimowitz, D. (2001).  Agricultural technologies and tropical deforestation . New 
York/Oxon: CIFOR/CABI Publishing.  



42 J. Börner and S.A. Vosti

    Arroyo-Rodríguez, V., & Mandujano, S. (2006). Forest fragmentation modi fi es habitat quality for 
 Alouatta palliata .  International Journal of Primatology, 27 , 1079–1096.  

    Auty, R., & Kiiski, A. (2002). Natural resources, capital accumulation, structural change, and 
welfare. In R. Auty (Ed.),  Resource abundance and economic development . Oxford: Oxford 
University Press.  

    Baumol, W. J., & Oates, W. E. (1988).  The theory of environmental policy  (2nd ed.). New York: 
Cambridge University Press.  

    Bayon, R. (2001).  Innovating environmental  fi nance . Santa Monica: Milken Institute.  
    Becker, G. (1968). Crime and punishment: An economic approach.  Journal of Political Economy, 

76 , 169–217.  
    Belli, P., Anderson, J. R., Barnum, H. N., Dixon, J. A., & Tan, J.-P. (2001).  Economic analysis 

of investment operations analytical tools and practical applications . Washington, DC: The 
World Bank Institute.  

    Börner, J., Mendoza, A., & Vosti, S. A. (2007). Ecosystem services, agriculture, and rural poverty 
in the Eastern Brazilian Amazon: Interrelationships and policy prescriptions.  Ecological 
Economics, 64 , 356–373.  

    Börner, J., Wunder, S., Wertz-Kanounnikoff, S., Tito, M. R., Pereira, L., & Nascimento, N. (2010). 
Direct conservation payments in the Brazilian Amazon: Scope and equity implications. 
 Ecological Economics, 69 , 1272–1282.  

   Börner, J., Wunder, S., Wertz-Kanounnikoff, S., Hyman, G., & Nascimento, N. (2011).  REDD 
sticks and carrots in the Brazilian Amazon: Assessing costs and livelihood implications . 
CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS), 
Copenhagen, Denmark.  

    Bosquet, B. (2000). Environmental tax reform: Does it work? A survey of the empirical evidence. 
 Ecological Economics, 34 , 19–32.  

    Brouwer, F., & Lowe, P. (2000).  CAP regimes and the European countryside . Wallingford: CAB 
International.  

    Bruce, N., & Ellis, G. M. (1993).  Environmental taxes and policy for developing countries . 
Washington, DC: World Bank.  

    Chang, L. L., & Rajan, R. S. (2001). Regional versus multilateral solutions to transboundary environ-
mental problems: Insights from the Southeast Asian Haze.  The World Economy, 24 , 655–671.  

    Charlier, R. H. (2003). A “sleeper” awakes: Tidal current power.  Renewable and Sustainable 
Energy Reviews, 7 , 515–529.  

    Chomitz, K. M., & Thomas, T. S. (2003). Determinants of land use in Amazonia: A  fi ne-scale 
spatial analysis.  American Journal of Agricultural Economics, 85 , 1016–1028.  

    Cole, D. H., & Grossman, P. Z. (2002). Toward a total-cost approach to environmental instrument 
choice.  Research in Law and Economics, 20 , 223–241.  

    Daily, G. C., Polasky, S., Goldstein, J., Kareiva, P. M., Mooney, H. A., Pejchar, L., Ricketts, T. H., 
Salzman, J., & Shallenberger, R. (2009). Ecosystem services in decision making: Time to 
deliver.  Frontiers in Ecology and the Environment, 7 , 21–28.  

    Debinski, D. M., & Holt, R. D. (2000). A survey and overview of habitat fragmentation experi-
ments.  Conservation Biology, 14 , 342–355.  

    DeFries, R., & Rosenzweig, C. (2010). Toward a whole-landscape approach for sustainable land 
use in the tropics.  Proceedings of the National Academy of Sciences, 107 , 19627–19632.  

    Dietz, T., Ostrom, E., & Stern, P. C. (2003). The struggle to govern the commons.  Science, 302 , 
1907–1912.  

    Ebeling, J., & Yasué, M. (2009). The effectiveness of market-based conservation in the tropics: 
Forest certi fi cation in Ecuador and Bolivia.  Journal of Environmental Management, 90 , 
1145–1153.  

    Engel, S., & Palmer, C. (2008). Payments for environmental services as an alternative to logging 
under weak property rights: The case of Indonesia.  Ecological Economics, 65 , 799–809.  

    Fearnside, P. M. (2001). Land-tenure issues as factors in environmental destruction in Brazilian 
Amazonia: The case of Southern Para.  World Development, 29 , 1361–1372.  

    Ferraro, P. J., & Kiss, A. (2002). Direct payments to conserve biodiversity.  Science, 298 , 1718–1719.  



432 Managing Tropical Forest Ecosystem Services: An Overview of Options

    Ferraro, P. J., & Pattanayak, S. K. (2006). Money for nothing? A call for empirical evaluation of 
biodiversity conservation investments.  PLoS Biology, 4 , e105.  

    Ferraro, P. J., Uchida, T., & Conrad, J. M. (2005). Price premiums for eco-friendly commodities: 
Are ‘Green’ markets the best way to protect endangered ecosystems?  Environmental and 
Resource Economics, 32 , 419–438.  

    Fisher, B., Turner, R. K., & Morling, P. (2009). De fi ning and classifying ecosystem services for 
decision making.  Ecological Economics, 68 , 643–653.  

    Green, E., & Donnelly, R. (2003). Recreational scuba diving in Caribbean marine protected areas: 
Do the users pay?  Ambio, 32 , 140–144.  

   Hargrave, J., & Kis-Katos, K. (2010, August 22–25).  Economic causes of deforestation in the 
Brazilian Amazon: A panel data analysis for 2000s . Paper presented at the International Society 
of Ecological Economics Conference 2010, Oldenburg and Bremen.  

      Harris, P. J. C., Browne, A. W., Barret, H. R., & Cadoret, K. (2001).  Facilitating the inclusion of 
the resource-poor in organic production and trade: Opportunities and constraints posed by 
certi fi cation . Department for International Development DfID.  

    Hazell, P., Pomareda, C., & Valdés, A. (1986).  Crop insurance for agricultural development . 
Baltimore: The John Hopkins University Press.  

    Holling, C. S., & Meffe, G. K. (1996). Command and control and the pathology of natural resource 
management.  Conservation Biology, 10 , 328–337.  

    Hotte, L. (2001). Con fl icts over property rights and natural-resource exploitation at the frontier. 
 Journal of Development Economics, 66 , 1–21.  

    Howlett, M. (2004). Beyond good and evil in policy implementation: Instrument mixes, imple-
mentation styles, and second generation theories of policy instrument choice.  Policy and 
Society, 23 , 1–17.  

    Huber, R. M., Ruitenbeek, J., & Motta, R. S. (1998).  Market-based instruments for environmental 
policymaking in Latin America and the Caribbean . Washington, DC: World Bank.  

    IFAD. (2003).  Transforming rural institutions in order to reach the millennium development goals . 
Rome: IFAD.  

   Johnstone, N., & Alavalapati, J. R. R. (1998).  The distributional effects of environmental tax 
reform . IIED Catalogue.  

    Kellert, S. R., Mehta, J. N., Ebbin, S. A., & Lichtenfeld, L. L. (2000). Community natural resource 
management: Promise, rhetoric, and reality.  Society and Natural Resources, 13 , 705–715.  

    Kollmuss, A., & Agyeman, J. (2002). Mind the gap: Why do people act environmentally and what are 
the barriers to pro-environmental behaviour?  Environmental Education Research, 8 , 239–260.  

    Kremen, C. (2005). Managing ecosystem services: What do we need to know about their ecology? 
 Ecology Letters, 8 , 468–479.  

    Kroeger, T., & Casey, F. (2007). An assessment of market-based approaches to providing ecosystem 
services on agricultural lands.  Ecological Economics, 64 , 321–332.  

    Kuyvenhoven, A. (2004). Creating an enabling environment: Policy conditions for less-favoured 
areas.  Food Policy, 29 , 407–429.  

   Landell-Mills, N., & Porras, T. I. (2002). Silver bullet or fools’ gold? A global review of markets 
for forest environmental services and their impact on the poor.  Instruments for sustainable 
private sector forestry series . London: International Institute for Environment and 
Development.  

    Laurance, W. F., Albernaz, A. K. M., Schroth, G., Fearnside, P. M., Bergen, S., Venticinque, E. M., 
& Da Costa, C. (2002). Predictors of deforestation in the Brazilian Amazon.  Journal of 
Biogeography, 29 , 737–748.  

    Lee, D. R., & Barrett, C. B. (Eds.). (2001).  Tradeoffs or synergies? Agricultural intensi fi cation, 
economic development and the environment . Wallingford: CAB International Publishing.  

    Lowe, P., Falconer, K., Hodge, I., Moxey, A., Ward, N., & Whitby, M. (1999).  Integrating the 
environment into CAP reform . Newcastle upon Tyne: Department of Agricultural Economics 
and Food Marketing, University of Newcastle.  

   MA (Millenium Ecosystem Assessment) (2005).  Ecosystems and human well-being: A synthesis . 
Washington, D.C.: Island Press.  



44 J. Börner and S.A. Vosti

    McGrath, D., de Castro, F., Futemma, C., de Amaral, B., & Calabria, J. (1993). Fisheries and the 
evolution of resource management on the lower Amazon  fl oodplain.  Human Ecology, 21 , 
167–195.  

    Milne, S., & Niesten, E. (2009). Direct payments for biodiversity conservation in developing coun-
tries: Practical insights for design and implementation.  Oryx, 43 , 530–541.  

    Nail, E. L., Young, D. L., & Schillinger, W. F. (2007). Government subsidies and crop insurance 
effects on the economics of conservation cropping systems in eastern Washington.  Agronomy 
Journal, 99 , 614–620.  

    Nelson, A., & Chomitz, K. M. (2011). Effectiveness of strict vs. multiple use protected areas in 
reducing tropical forest  fi res: A global analysis using matching methods.  PLoS One, 6 , e22722.  

    Nepstad, D., Soares-Filho, B. S., Merry, F., Moutinho, P., Rodrigues, H. O., Bowman, M., 
Schwartzman, S., Almeida, O., & Rivero, S. (2007).  The costs and bene fi ts of reducing carbon 
emissions from deforestation and forest degradation in the Brazilian Amazon . Falmouth: 
WHRC, IPAM, UFMG.  

   Nunes, P., & Riyanto, Y. (2001).  Policy instruments for creating markets for biodiversity: 
Certi fi cation and ecolabeling  (FEEM Working Paper No. 72.2001).  

    Oenema, O., Janssen, B. H., Smaling, E., & Hof fl and, E. (2006). Nutrient management in tropical 
agroecosystems.  Agriculture, Ecosystems and Environment, 116 , 1–3.  

    Ostrom, E. (2008). Institutions and the environment.  Economic Affairs, 28 , 24–31.  
    Ostrom, E., Burger, J., Field, C. B., Norgaard, R. B., & Policansky, D. (2005). Revisiting the 

commons: Local lessons, global challenges. In D. J. Penn & I. Mysterud (Eds.),  Evolutionary 
perspectives on environmental problems . New Brunswick: Transaction Publishers.  

    Pacheco, P. (2009). Agrarian reform in the Brazilian Amazon: Its implications for land distribution 
and deforestation.  World Development, 37 , 1337–1347.  

    Pagiola, S. (2008). Payments for environmental services in Costa Rica.  Ecological Economics, 65 , 
712–724.  

    Pagiola, S., Bishop, J., & Landell Mills, N. (2002).  Selling forest environmental services: Market-
based incentives for conservation and development . London: Earthscan.  

    Pagiola, S., Arcenas, A., & Platais, G. (2005). Can payments for environmental services help 
reduce poverty? An exploration of the issues and the evidence to date from Latin America. 
 World Development, 33 , 237–253.  

    Palmer, J. A., Suggate, J., Bajd, B., Hart, P., Ho, R. K. P., Ofwono-Orecho, J. K. W., Peries, M., 
Robottom, I., Tsaliki, E., & Van Staden, C. (1998). An overview of signi fi cant in fl uences and 
formative experiences on the development of adults’ environmental awareness in nine countries. 
 Environmental Education Research, 4 , 445–464.  

    Pattanayak, S. K., Wunder, S., & Ferraro, P. J. (2010). Show me the money: Do payments supply 
environmental services in developing countries?  Review of Environmental Economics and 
Policy, 4 , 254–274.  

    Pearce, D. W., & Turner, K. T. (1990).  Natural resource and environmental economics . Baltimore: 
Johns Hopkins University Press.  

    Perrot-Maitre, D. (2006).  The Vittel payments for ecosystem services: A “perfect” PES case . 
London: IIED.  

    Persha, L., Agrawal, A., & Chhatre, A. (2011). Social and ecological synergy: Local rulemaking, 
forest livelihoods, and biodiversity conservation.  Science, 331 , 1606–1608.  

    Pfaff, A. S. P. (1999). What drives deforestation in the Brazilian Amazon? Evidence from satellite 
and socioeconomic data.  Journal of Environmental Economics and Management, 37 , 26–43.  

    Pfaff, A., Kerr, S., Lipper, L., Cavatassi, R., Davis, B., Hendy, J., & Sanchez-Azofeifa, G. A. 
(2007). Will buying tropical forest carbon bene fi t the poor? Evidence from Costa Rica.  Land 
Use Policy, 24 , 600–610.  

   Porter-Bolland, L., Ellis, E. A., Guariguata, M. R., Ruiz-Mallén, I., Negrete-Yankelevich, S., & 
Reyes-García, V. (2011). Community managed forests and forest protected areas: An assessment 
of their conservation effectiveness across the tropics.  Forest Ecology and Management, 268 , 6–17.  

    Portney, P. R., & Stavins, R. N. (2000).  Public policies for environmental protection . Washington, 
DC: Resources for the Future.  



452 Managing Tropical Forest Ecosystem Services: An Overview of Options

    Qaim, M., Subramanian, A., Naik, G., & Zilberman, D. (2006). Adoption of Bt cotton and impact 
variability: Insights from India.  Applied Economic Perspectives and Policy, 28 , 48–58.  

    Ravnborg, H. M., & Guerrero, M. P. (1999). Collective action in watershed management – Experiences 
from the Andean hillsides.  Agriculture and Human Values, 16 , 257–266.  

    Richey, J. E., Nobre, C., & Deser, C. (1989). Amazon river discharge and climate variability: 1903 
to 1985.  Science, 246 (4926), 101–103.  

    Rios, A. R., & Pagiola, S. (2010). Poor household participation in payments for environmental 
services in Nicaragua and Colombia. In L. Tacconi, S. Mahanty, & H. Suich (Eds.),  Payments 
for environmental services, forest conservation and climate change: Livelihoods in the Redd?  
(pp. 21–243). Cheltenham: Edward Elgar Publishing.  

    Robinson, E. J. Z., Kumar, A. M., & Albers, H. J. (2010). Protecting developing Countries’ 
forests: Enforcement in theory and practice.  Journal of Natural Resources Policy Research, 
2 , 25–38.  

    Schlager, E., & Ostrom, E. (1992). Property-rights regimes and natural resources: A conceptual 
analysis.  Land Economics, 68 , 249–262.  

    Schuck, E. C., Nganje, W., & Yantio, D. (2002). The role of land tenure and extension education 
in the adoption of slash and burn agriculture.  Ecological Economics, 43 , 61–70.  

    Schwartzman, S., & Zimmerman, B. (2005). Alianças de conservação com povos indígenas da 
Amazônia.  Megadiversidade, 1 , 165–173.  

    Seroa da Motta, R., & Ferraz do Amaral, C. A. (2000). Estimating timber depreciation in the 
Brazilian Amazon.  Environment and Development Economics, 5 , 129–142.  

    Seroa da Motta, R., Ruitenbeek, J., & Huber, R. (1996).  Uso de Instrumentos Econômicos na Gestão 
Ambiental da América Latina e Caribe: Lições e Recomendações . Rio de Janeiro: IPEA.  

   Simula, M., Salmi, J., & Puustajärvi, E. (2002).  Forest  fi nancing in Latin America: The role of the 
inter-American development bank . Washington, DC: Inter-American Development Bank.  

    Sterner, T. (2003).  Policy instruments for environmental and natural resource management . 
Washington, DC: Resources for the Future.  

   Sudirman, D. W., & Nely, H. (2005).  Local policy-making mechanisms processes, implementation 
and impacts of the decentralized forest management system in Tanjung Jabung Barat District, 
Jambi, Sumatra . Bogor: Center for International Forestry Research (CIFOR).  

   Swallow, B., Noordwijk, M. v., Dewi, S., Murdiyarso, D., White, D., Gockowski, J., Hyman, G., 
Budidarsono, S., Robiglio, V., Meadu, V., Ekadinata, A., Agus, F., Hairiah, K., Mbile, P., Sonwa, 
D., & Weise, D. (2007).  Opportunities for avoided deforestation with sustainable bene fi ts. An 
interim report by the ASB partnership for the tropical forest margins , Nairobi, Kenya.  

    Thünen, J. H. (1826).  Der isolierte Staat in Beziehung auf Landwirtschaft und Nationalökonomie . 
Hamburg: Perthes.  

    Toni, F., & Kaimowitz, D. (Eds.). (2003).  Municípios e Gestao Florestal na Amazônia . Natal: A.S. 
Editores.  

    Torres, M. O.,    Maneta, M., Howitt, R., Vosti, S. A., Wallender, W. W., Bassoi, L. H., & Rodrigues, 
L. N. (2012). Economic impacts of regional water scarcity in the São Francisco River Basin, 
Brazil: an application of a linked hydro-economic model.  Environment and Development 
Economics, 1 (1), 1–22.  

    Veríssimo, A., Smeraldi, R., & Azevedo, T. (2005). Forest certi fi cation in Brazil: Advances, 
innovations and challenges. In D. Burger, J. Hess, & B. Lang (Eds.),  Forest certi fi cation: An 
innovative instrument in the service of sustainable development  (pp. 207–217). Eschborn: 
Deutsche Gesellschaft für Technische Zusammenarbeit.  

    Visseren-Hamakers, I. J., & Glasbergen, P. (2007). Partnerships in forest governance.  Global 
Environmental Change, 17 , 408–419.  

   Vosti, S. A., & Reardon, T. (Eds.). (1997). Poverty-environment links in rural areas of developing 
countries. In  Agricultural sustainability, growth, and poverty alleviation: A policy and agro-
ecological perspective . Baltimore: Johns Hopkins University Press.  

   Vosti, S., Witcover, J., Oliveira, S., & Faminow, M. (1997). Policy issues in agroforestry: technology 
adoption and regional integration in the western Brazilian Amazon.  Agroforestry Systems, 38 , 
195–222.  



46 J. Börner and S.A. Vosti

    Vosti, S. A., Witcover, J., & Carpentier, C. L. (2002).  Agricultural intensi fi cation by smallholders 
in the Western Amazon: From deforestation to sustainable land use . Washington, DC: IFPRI.  

    Werth, D., & Avissar, R. (2002). The local and global effects of Amazon deforestation.  Journal of 
Geophysical Research, 107 , 8087.  

   Wunder, S. (2005) . Payments for environmental services: Some nuts and bolts  (Rep. No. CIFOR 
Occasional Paper No. 42). International Center for Forestry Research (CIFOR).  

    Wunder, S. (2008). Payments for environmental services and the poor: Concepts and preliminary 
evidence.  Environment and Development Economics, 13 , 279–297.  

    Wunder, S., & Wertz-Kanounnikoff, S. (2009). Payments for ecosystem services: A new way of 
conserving biodiversity in forests.  Journal of Sustainable Forestry, 28 , 576–596.  

    Wunder, S., Engel, S., & Pagiola, S. (2008). Taking stock: A comparative analysis of payments for 
environmental services programs in developed and developing countries.  Ecological Economics, 
65 , 834–852.  

      Zeng, N., Yoon J., Marengo J. A., Subramaniam, A.,  Nobre, C., Mariotti A., & Neelin J. D. (2008). 
Causes and impacts of the 2005 Amazon drought.  Environmental Research Letters, 3 , 014002.  

    Zilberman, D., Lipper, L., & McCarthy, N. (2008). When could payments for environmental 
services bene fi t the poor?  Environment and Development Economics, 13 , 255–278.     



http://www.springer.com/978-94-007-5175-0


	Chapter 2: Managing Tropical Forest Ecosystem Services: An Overview of Options
	2.1 Introduction
	2.2 An Intuitive Typology of Management Instruments
	2.2.1 Enabling Measures
	2.2.2 Incentive-Based Management Instruments
	2.2.3 Disincentive-Based ES Management Instruments

	2.3 Factors Affecting the Performance of ES Management Instruments
	2.3.1 The Biophysical Characteristics of ES
	2.3.1.1 Complexity and Interdependence
	2.3.1.2 Non-excludability
	2.3.1.3 Temporal and Spatial Dimensions and Interdependency of ES Provision
	2.3.1.4 Implications of ES Characteristics for Choosing ES Management Instruments

	2.3.2 Institutional and Socioeconomic Factors Affecting the Performance of ES Management Instruments
	2.3.2.1 Implications of Institutional and Socioeconomic Factors for ES Management


	2.4 ES Management Instruments and Expected Performance: An Overview
	2.5 Implications for Research, Capacity Strengthening and Policy
	References


