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Useful definitions in PWS monitoring and evaluation 

Additionality Environmental additionality is the net positive impact in the provision of ecosystem 
services, in comparison with the baseline scenario or hypothetical situation where the 
scheme is not in place (Pascual et al. 2009). In other words, it is a change in land use 
achieved by the Payment compared to what would have happened without the 
program (‘business-as-usual’) (Wunder, Engel, and Pagiola 2008). 

Effectiveness Environmental effectiveness refers to degree on which a policy (i.e. PWS) achieves 
specific environmental goals better than alternative policies (i.e. national park). Its 
measurement depends on the definition of the outcomes, for example, whether it is a 
specific land use (i.e. forest cover), or the level of environmental service.  

Efficiency  Efficiency effect is the difference between the gross welfare effects induced by the 
scheme on the target population and the total cost incurred (Pascual et al. 2009). In 
PES it is determined by the extent to which incremental ecosystem services are 
provided, but also by the cost (opportunity, implementation, transaction) at which 
this was achieved (Wunder, Engel, and Pagiola 2008). Efficiency can be measured in 
different ways. For example the dollar amount paid for each hectare at risk of 
deforestation; and the number of hectares of land at risk for a given budget, in a 
study in Mexico (Alix-Garcia et al. 2005). Low transaction costs may be obtained using 
flat payments and low monitoring, but this may affect the effectiveness of the 
scheme. 

Equity  Equity effect is the net impact of the implemented payments on inequality, among a 
reference set of participants, compared to the baseline scenario. Its calculation 
depends on depends on two factors. The first factor relates to the fairness criterion 
chosen in the design of the scheme for the distribution of the net benefits accruing 
from the implementation of the payments. The second factor is related to the 
evaluative space chosen to assess the final equity impacts caused by the PES. (Pascual 
et al. 2009) 

Cost-
effectiveness: 

Compares the costs and outcomes of an intervention to assess the extent to which it 
can be regarded as providing value for money. This informs decision-makers who 
have to determine where to allocate limited resources. In conservation, a policy is 
considered more cost-effective than another if its conservation outcome is higher for 
given total costs. Alternatively, a policy is more cost-effective than another if an equal 
conservation outcome is attained at lower total cost (Wätzold et al. 2010).  

Targeting  Targeting in PWS refers to a process where the Program administrator moves beyond 
the self-selecting nature of voluntary participation in PES programs away from areas 
that add relatively little to the provision of ES to areas previously determined as more 
important. Targeting can take place in three forms: (1) environmental benefits (i.e. 
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gap analyses to identify high-benefit priority areas for biodiversity conservation); (2) 
program costs (negative correlation between costs and biodiversity can lead to low-
cost/high-benefit solutions ), or (iii) benefit-to-cost ratios (Wünscher, Engel, and 
Wunder 2008) 

Compliance Refers to the degree to which PES recipients comply with their contracts, which in 
turn requires appropriate monitoring) 

Leakage 
(spillage) 

Leakage results in situations where the environmentally-damaging land uses that the 
PES program is replacing are displaced elsewhere (Wunder, Engel, and Pagiola 2008) 

Permanence Refers to whether the desired change in either land use or level of ecosystem services 
are provided on a long-term basis (‘permanence’); 
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1. Introduction 

Sustainable management of land and water can provide multiple environmental services, including 
watershed services.  Sustainable management includes the conservation of existing natural ecosystems, 
management of agricultural and agroforestry landscapes, and restoration of degraded ecosystems. 
These efforts are often driven by instruments, ranging from direct regulation such as prohibitions and 
zoning, ‘soft’ approaches such as information and capacity building, market-based instruments such as 
taxes and fines, and hybrid approaches using regulatory authority and market mechanisms such as cap-
and-trade approaches. 

The use of payment systems to promote sound ecosystem and watershed management is an idea that 
moved from economic theory into the policy debate, and finally into practice over the last 30 or so 
years.  In watersheds, economic incentives are used to promote upstream land management expected 
to result in the protection or improvement of downstream water quantity and quality.  As with “putting 
a price” on carbon through carbon taxes or carbon cap and trade schemes, the intent of these payment 
for watershed service (PWS) schemes is to internalize the externalities of land use into the land 
managers production process, so as to achieve greater economic efficiency1. 

The objective of this paper is to take stock of our understanding regarding the monitoring and 
evaluation of PWS schemes. In this paper, we argue that the question of PWS environmental 
performance is best assessed with reference to the conditionality and additionality of such schemes.   

PWS schemes are increasingly looked to and looked upon as a viable policy alternative to watershed 
management problems. In some places, local governments, donor agencies and NGOs are actively trying 
to upscale and replicate PWS schemes across the landscape. IIED’s first review of PWS identified 41 
proposed and ongoing schemes in developing countries (Landell-Mills and Porras 2002). By 2008, this 
figure had increased to 50 ongoing schemes and 45 proposed ones (Porras, Grieg-Gran, and Neves 
2008). IIED’s  latest update has identified many new schemes and proposals including national schemes 
in Ecuador and Vietnam, and numerous local schemes particularly in Brazil, where in the Atlantic Forest 
and Cerrado alone there are eight schemes up and running, with 33 more in the pipeline (Veiga and 
Gavaldão 2011).  

Yet, despite all this apparent success and progress with launching new PWS schemes there remains the 
suspicion that lessons have yet to be learned from the formative experiences thus far, and this is 
nowhere more true than with regard to monitoring and evaluation.  While a handful of efforts have 
been made to review global progress with PWS, there has to date been no systematic, wide-spread and 
rigorous review of the achievements of PWS schemes.  By focusing in on the monitoring and evaluation 

                                                           

1
 Following the Coasean paradigm, the justification for the design and implementation of PES schemes is that 

market failures result in the absence of markets for ecosystem services. Incentives can be used to encourage 
private agents to take into account the costs and benefits of the provision of ecosystem services into their own 
decisions about land use, and resolve potential environmental externality problems (Pascual et al., 2009). If 
transaction costs are how enough, and property rights are in place, individuals would trade their rights until a 
Pareto-efficient allocation is achieved 
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question it is hoped that this paper can stimulate activity in this direction, with a view towards 
promoting better program design and implementation in the future. 

On-the-ground actions must represent a change in behaviour and practice.  This may be a change from 
past behaviour or a change from expected future behaviour.  Only if the payment secures an action that 
otherwise would not have happened does the payment produce a real “additional” benefit.  At the heart 
of the monitoring problem, is then, the difficulty of knowing with any certainty what would have 
happened absent the PWS scheme – given that the PWS scheme is all that can be observed and 
measured, i.e. monitored (Ferraro and Pattanayak 2006).  While some regard this as a major issue with 
regard to biodiversity conservation, the problem can be generalized to incentives of any kind that seek 
to avoid future behaviour.  Inherently such actions are uncertain, but nonetheless necessary.  Arguably 
good and consistent program monitoring and evaluation that takes account of local views and 
perceptions can serve to root out what actions are truly additional and which are merely self-serving 
enrichment at the public trough.   

2. Payments for Watershed Services: A market-development overview 

2.1 The economic benefits of watershed protection 

Apart from spiritual and non-use values, the keen interest in PWS schemes is their direct link to 
economic impacts and how they affect water filtration and purification; seasonal flow regulation; 
erosion and sediment control; and habitat preservation.   

The capacity for regulation of relatively intact soils is highlighted by scientists (Bruijnzeel 2004; Calder 
2005). The proportion of natural forests is often seen as an indicator of how healthy the watershed is 
(Kaimowitz 2004). For example, an economic analysis of the average treatment costs in relation of forest 
cover in the USA show a clear inverse relation (Figure 1)., reducing the need to build or upgrade 
treatment facilities (Postel and Thompson 2005). Other ecosystems, like wetlands and páramos 
naturally absorb, clean and release water flows to provide major cities in South America with little need 
for purification apart from chlorine (Buytaert et al. 2006; Crespo et al. 2009). Highly degraded slopes 
increase siltation and turbidity. Compaction of soils and poor cover reduces the soil’s ability to infiltrate 
water, increasing losses through evaporation and the risk of flash floods.   
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Figure 1. Average treatment costs for water as proportion of watershed forested, USA 

 
Source: (Postel and Thompson 2005). Analysis of 27 US water suppliers in the USA, based on treatment of 22 million gallons 
(83,270 m3) per day, the average daily production of the water suppliers surveyed. 

But forest cover on itself is not necessarily the answer. Exotic tree species with high water requirements 
decrease water flows. In South Africa, it is estimated that, if left unchecked, alien tree species would use 
more than 2,720 million m3 or 16% of total registered water use (Turpie, Marais, and Blignaut 2008). 
Management plans at farm level have been successful in controlling non-point source pollution from 
agriculture in New York (Appleton 2002). A combination of mixed cropping, terracing and agro forestry 
are suggested as practically feasible techniques for rain-fed small scale farmers to retain soil moisture in 
the Upper Tana in Kenya, suggesting benefits between US$ 12 and 95 million, compared to annual costs 
of US$ 2 to 20 million (IFAD 2012).  

2.2 A working definition 

Underpinning the Payments for Environmental Services idea is the notion that ecosystem degradation 
takes place because the ecosystem services are not properly valued. PES schemes try to create an 
economic mechanism (usually to complement regulation) that will internalize the positive 
environmental externalities associated with the production of particular ecosystem services, including 
watershed protection, biodiversity, and carbon sequestration (Porras, Grieg-Gran, and Neves 2008; 
Kosoy et al. 2007). The literature associated with this topic frequently cites the definition of PES 
constructed by Wunder (2005), who defines a ‘true’ PES schemes as: 

1. A voluntary transaction where 
2. A well-defined environmental service (or land use likely to secure that service) 
3. Is being “bought” by a (minimum of one) ES buyer 
4. From a (minimum of one) ES provider 
5. If and only if, the ES provider secures ES provision (conditionality) 

Porras et al. (2008) indicate that the restrictions imposed by solely relying on Wunder’s five criteria to   
identify PES schemes can potentially exclude ‘PES-like’ programmes that include, or are part of, non-
market institutional arrangements; in particular, schemes funded though government taxes and other 
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non-voluntary funding mechanisms, e.g. user fees imposed by utilities.  In response to these possible 
exclusions, they modify Wunder’s definition by identifying a PES scheme as:  

 a transaction in which a supplier or seller of the ecosystem service is responding to the offer of 
compensation from a single or multiple beneficiaries (NGO, private party, local or central 
government entity) and/or a beneficiary  separate from the seller which is not a central government 
entity,  

 compensation is conditional upon the land management practices specified by the program, and  

 the voluntary component  is only attached to the supply-side of the transaction in that the provider 
‘voluntarily’ enters in to the contract.  

In relation to the level of ecosystem service compensation, PES will ideally, in theory at least, provide 
suppliers with payments equivalent to the opportunity cost associated with previous or potential 
alternative land uses outside of those specified within the PES contract.  In addition, the compensation 
should not to exceed the value attributed to the environmental externality (Kosoy et al. 2007; Asquith 
and Wunder 2008). 

Like PES, payments for watershed services (PWS) is an economic conservation mechanism encouraging 
land owners to adopt land management practices intended to influence biophysical attributes of an 
ecosystem that are expected to affect the provision of the provision of freshwater supplies2.  The 
hydrological processes (i.e. interception, infiltration, storm runoff, and evapotranspiration) are heavily 
influenced by vegetation distribution and composition, and soil conditions, which in turn effect the 
provision of the watershed services.  As such, existing schemes concentrate on land-use practices that 
include conserving and securing existing ecosystems, reforestation, afforestation, improved land 
management and ecosystem interaction practices, and restoration of degraded ecosystems (Porras, 
Grieg-Gran, and Neves 2008)  

 

Stretching the complementarity of carbon and water? 

In the Piura region in Peru a pilot group of UK-based Cafédirect’s AdapCC project and Peru-based Cepicafe—
one of Cafédirect’s suppliers— is combining the carbon market, protection against flash floods, and 
sustainability of local farming. Farmers reforest degraded grasslands at higher elevations using pine trees 
(70%) and native quinal species (30%). Under CarbonFix standard, it is expected that 10% of carbon credit 
sales from saplings will go to Cepicafe. Until now, Cafédirect is pre-paying funds to purchase credits in order 
to help the project get up and running. 

The total at the moment is 224 hectares but the aim is to cover 5,000 hectares ((Lee 2012) in The Ecologist) . 
The project has so far been widely applauded, yet some questions arise regarding the nature of the upscaling 
regarding the wider ecosystem, especially if pine remains the main specie used. Piura is located in the 
northern coastal desert of Peru, with very low average precipitation during the year and marked rainfalls 

                                                           

2
 Specific watershed (or hydrological) services addressed in current schemes include: sediment reduction, flood 

abatement, reduced peak flows, base flow maintenance, erosion control, fisheries, and improved water quality 
(through nutrient, chemical, and salinity control) – Porras et al. (2008).    
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during the rainy season, and exposure to weather extremes. Hydrologist have for a long time warned against 
the high water requirements of fast growing forest species in large plantations, which may result in significant 
reduction of water flows downstream (Calder and Aylward 2006)., a particular problem in areas with high 
water scarcity like the desert of Peru.  

 

2.3 Tracking the interest   

In developing countries, PES programmes have not focused much on measuring and rewarding the 
delivered changes in the ecosystem level, but on different types of land practices that are expected to 
provide a particular environmental service (see Table 1). In some cases, activities supporting the 
provision of bundled environmental services can be complementary. For example, conservation of 
forests can help preserve existing water quality and quantity, protects biodiversity, and increases 
landscape beauty, and are ‘marketed’ as a bundle. In other cases, activities aiming at incentivising 
provision of a given ecosystem service (i.e. carbon through large-scale reforestation) can potentially 
harm other important ecosystem services (in this case, reduced water flows and reduce biodiversity 
especially in water-strained environments, and when using fast-growing, exotic species, see Calder 
(2005). 
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Table 1. Examples of land use and ecosystem services targeted (Porras et al, 2011) 

Land use promoted Ecosystem 
Service 

Example 

Conservation and 
protection of existing 
ecosystems 

Bundled  Costa Rica: payments made per hectare per year for protection, and represent most of the 
demand for PES in the country (Porras 2010; Sánchez-Azofeifa et al. 2007).  In 2012, a set of 
criteria for allocating contracts for protection assigns extra points and 25% extra payment in 
water protection areas.  

 A compensation programme in Finland provides incentives for the creation of new nature 
reserves providing habitats of threatened species or of great natural beauty (Tikka 2003) 

 Voluntary forest conservation contracts in Norway (Barton 2010; Skjeggedal et al. 2010) 

 Sweedish Nature conservation agreements (Naturvårdsavtal), normally signed for 50 years 
(EEA 2010; Mayer and Tikka 2006).  

 Austrian Natural Forest Reserve Programme (launched in 1995) which compensates for not 
harvesting for a period of 20 years 

Agricultural 
practices: aim at 
providing 
environmental 
services and on-site 
economic returns to 
farmer 

Usually 
biodiversity 
and water 

 Silvopastorial projects in Colombia, Nicaragua, and Costa Rica (Ibrahim et al. 2010; Casasola et 
al. 2009; Montagnini and Finney 2010)  

 Organic agricultura in Costa Rica: National Electricity Institute (ICE) Project in La Angostura 
Dam  

 Agroforestry contracts in the PSA Programme in Costa Rica, Sumberjaya in Indonesia, and 
Jesus de Otoro in Honduras 

 Best management contracts in the Catskill-Delaware Watershed in New York 

 Most European countries use subsidies for agricultural ecosystems conservation funding, co-
financed by the EU’S Common Agricultural Policy (CAP), for example the High Nature Value 
areas promoted by the in Europe3 (EEA 2010).  

Reforestation for 
commercial purpose 
(medium to long-
term schemes with 
timber as main 
objective)  

Usually 
carbon but 
also for 
watershed 
protection 

 Six national PES schemes and approximately 11 small local watershed schemes promote 
reforestation (Porras et al., 2008) 

 Community reforestation contracts through Plan Vivo in Mexico, Uganda, Mozambique and 
other countries (www.planvivo.org)  

 REDD projects (Bond et al. 2009) 

Rehabilitation of 
degraded ecosystems 
for protection  

Biodiversity 
and water 

 Removal of alien tree species in the Working for Water in South Africa  

 PCJ in Brazil to restore riparian forests (Porras, Grieg-Gran, and Neves 2008) 

For many other examples see: Baylis et al (2008)); Ferraro (2009); Landell-Mills and Porras (2002); Porras et al. (2008); TEEB (2011); Waage and 
Steward (2007); Wätzold et al.(2010). 

Interest in PWS-type of projects escalated fast between 2002 and 2008. In 2002 IIED conducted a review 
of emerging markets for environmental services, and found 41 proposed and ongoing schemes in 
developing countries (Landell-Mills and Porras 2002). A new review in 2008 showed that, despite major 
setbacks in some cases, there were at least 50 ongoing schemes, and nearly as many proposals at 
different stages in developing countries (Porras, Grieg-Gran, and Neves 2008). Implementation of 
schemes has not been lineal, and many proposals are abandoned or absorbed into other projects or 
type of instrument (see also a recent review by Forest Trends (2010) looking at PWS and water quality 
trading).  In Africa, for example, approximately half of proposals never make it to pilot or 
implementation stages (2011). 

                                                           
3 In Europe, a (relatively small) part of the agricultural subsidies under the Common Agricultural Policy (CAP) can be regarded as PES for 
biodiversity enhancement. For example, in France the agri-environment schemes amounted to less than 4% of total CAP expenditure in 2005, 
and in the Netherlands to less than 2%. In particular, the so-called ‘second pillar’ of the CAP provides for EU co-financing of projects and 
measures under the Member States’ ‘rural development programmes’. One of the ‘thematic axes’ of the second pillar is ‘improving the 
environment and the countryside’. Financial support can be given to farming practices that benefit biodiversity in ‘High Nature Value’ areas. 

http://www.planvivo.org/
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2.4 Sources of funding for PWS  

Watershed payments can be provided by any number of entities, including end-users, utilities, 
government agencies, NGOs, user groups, or a combination of them.  Generally, three sub-types of PWS 
schemes can be identified when assessing current PES schemes: 1) voluntary user-financed schemes in 
which private-sector buyers and sellers execute transactions; 2) non-voluntary utility-financed schemes 
in which a utility compensates watershed service providers with funds provided by user fees; 3) non-
voluntary government-financed schemes in which a government entity compensates services providers 
with tax/tariff revenues.  

As noted below these may have their funding source based either on voluntary or non-voluntary 
payment mechanisms.  Thus, even though these payment systems are often conflated with “markets” 
for environmental services, it is important to realize that such payments may not always represent true 
consumer demand for the service (Hartwell and Aylward 2008). 

 User-financed Programs  

Direct user-financed schemes are typically conducted within a smaller scale than those associated 
with government run schemes, and as a result often operate within one or a few targeted service 
areas or watersheds.  As a result, these schemes tend to be adapted to local influences and external 
factors, have better monitoring and enforcement, and be less-oriented toward political objectives in 
comparison to government funded programs (Asquith and Wunder 2008). These programs tend to 
be less prevalent given the lack of excludability associated with environmental services, but it is the 
closest scheme type to a ‘real’ market definition (Kroeger and Casey 2007). These schemes are often 
referred to as “private deals” and as they reflect true consumer demand for the watershed service 
are examples – in the economist’s lexicon – of Coasian Bargains (Johnson, White, and Perrot-Maitre 
2001; Aylward 2007).  

 Utility-financed programs  

Utility-financed programs acquire funding to compensate watershed service providers through 
allocating revenues derived from user fees or tariffs from a public utility or a regulated private 
utility.    These utilities tend to be water supply utilities with plants and facilities located 
downstream of land-use operations influencing watershed function.  These may also include large 
irrigation service districts or hydropower facilities.  Though the utility and the service provider have 
entered into a voluntary transaction, compensation derived from the end-use beneficiaries (utility 
users) may be provided on a voluntary or involuntary basis.  In the latter case, the users have no 
choice but to pay the fee, whereas in the former the user can choose to “check-off” a box and add 
the fee to their utility bill.   Given the local government orientation of most such utilities, these 
programs tend to be site-specific and oriented towards the particular conditions in the source 
watershed.  

 Government-financed programs  

Government-financed programs acquire funding to compensate watershed service providers 
through allocating revenues derived from earmarked tax revenues or general budget.  While the 
action is taken in principle on behalf of the public and the service users, participation from the end-
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user standpoint is not necessarily voluntary and in many cases induced by regulations (Porras et al. 
2008).  Pro-poor and development-related side objectives are often found to be additional 
components influencing the operation and effectiveness of these PWS schemes.  In addition, the 
focus tends to implemented on a national or regional scale, and include other environmental 
services, like carbon and biodiversity (Asquith & Wunder 2008). Government-led programmes also 
tend to include multiple-environmental objectives, for example, biodiversity and carbon 
sequestration. They can be, however, the most effective way to ensure significant funding and by 
adopting a national-level approach they can overcome transboundary and leakage issues common 
to local-scale schemes.  

3. Conditionality and additionality  

Conditionality refers to the link between the incentive and the action that is contracted under a PWS 
scheme.  Additionality refers to the net benefits created by the PWS.  The latter has two primary 
pathways, first how the incentive changes behaviour, and second, how and to what extent the on-the-
ground actions lead to changes in watershed services.  Both these criteria respond to the nature and 
thoughtfulness exercised at the design state, taking into account reliable scientific information, and the 
care with which they are implemented.   

Each criterion also comes with its own form of monitoring and evaluation: compliance monitoring for 
conditionality and effectiveness monitoring for additionality.  Compliance, or transactional, monitoring 
is necessary to ensure that the contracts – whether for input or output based – are lived up to by the 
land manager and the “buyer.” Input-based systems monitor transactional compliance, making 
assumptions on the impacts of predetermined land-use activities, and monitoring these changes 
accordingly. In simple terms, compliance monitoring seeks to ensure that the conditionality inherent in a 
PWS scheme is carried out, that the project achieves a high degree of efficacy in its implementation.  
Only then is the conditionality in place to drive additionality.   

Effectiveness monitoring attempts to ascertain how well a PWS scheme has achieved its larger 
objectives, irrespective of the degree of compliance.  Effectiveness monitoring tracks how the reward 
offered by a PWS scheme leads to improved watershed services and ecological outcomes.  If the same 
ecological outcomes would have come to pass without the PWS scheme, then the scheme is not 
effective, there is no additionality.   

Generally, it can be expected that in order to be effective a PWS scheme will demonstrate a high level of 
compliance.  The conditionality implicit in PWS contracts is typically a necessary step in generating 
benefits that are additional to those that would have come to pass without the PWS scheme (or in the 
counterfactual case).  However, a high degree of compliance does not necessarily produce a high degree 
of effectiveness.  A poorly designed scheme, for example, may target the wrong land managers and land 
at least risk and, thus, the payments may not generate the desired hydro-ecological or conservation 
benefits (for example, the little additionality shown by the early part of the Costa Rican PES scheme 
(2011))  
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4. The evidence  

Using theory and evidence available from existing schemes, this paper examines these criteria and the 
emerging evidence and lessons from monitoring and evaluation efforts to date. We expand on the 
framework presented by Wunder (2008).  Although the ‘market’ is relatively new, some schemes have 
been going for several years but evidence of impact is still short on the ground (Porras, Grieg-Gran, and 
Neves 2008; Wunder 2005). For our analysis, we review information reported in papers and publications 
on existing PWS schemes (presented in the Annex).  

4.1 Reported impacts from ongoing schemes  

Regardless of the size of the payment, existing input-based schemes in developing countries seem to be 
affecting land management behaviour. It appears that contracts, if well-designed and monitored, can 
show substantial compliance and hence impact on land use (see Section 4.1), and for some on water 
quantity and quality. What affects this delivery, and how to monitor is discussed in the following 
sections.  

Table 2. Reported impacts from ongoing schemes 

Impacts on land use  
 In Sumberjaya, Indonesia, the Rivercare project has engaged now about 70% of the forest margin building on the Indonesian law for 

community-based forest management (7% only in 2004), and there is conditional land tenure in place for 6,400 farmers implementing 
practices like multi-story coffee gardens (Suyanto 2010).  

 The Costa Rica national program had covered nearly 730,000 hectares of forest, and planted nearly 3 million trees in agroforestry 
plantations by February 2010. 

 Between 2000 and 2007 the PSAH programme in Mexico had reduced the rate of deforestation from 1.6% to 0.6% (Muñoz-Piña et al. 
2011) 

 The total plantation area in China amounts to 53 million hectares, including 28 million hectares of plantations in 6 years from the Sloping 
Lands Conversion Program, and 8.8 million hectares of crop have been converted to plantations from the Cropland to Forest Program (Sun 
and Chen 2006; Xu et al. 2010). 

 Small scale projects like San Pedro Norte in Nicaragua have now expanded to other areas, under the Fondo Nacional de Desarrollo 
Forestal (FONADEFO).  For example, small PWS schemes in the Murciélago y Corcuera watersheds in Rivas, El Sauce in Leon, and Cerro San 
Rafael in Chinandega (see http://www.fonadefo.org/proyectos.php for more).  

 FONAG, Ecuador, had more than 65,000 thousand hectares under land management by 2008, but plantations established are still too 
young to have their impact evaluated and thresholds are regarded as very small (about 2.5% of all area are reforested).  (Cannon, Hill, and 
McCarthy 2010) 

Impacts on water quantity 
 In Colombia, where there are statistic for local water availability upstream, long term trends for annual rainfalls and irregular fluctuations 

are due to large geographical scale causes rather than to the local forests status (Kosoy et al. 2005). 

 Economic impacts of protection of cloud forest on water are small. In Monteverde hydrological studies show that cloud forests have a 
modest impact on water budgets in the mountains, and even effects on dry-season flows are near neutral mostly because of the relatively 
regular rainfall in the area. Most economic value of marginal flows are absorbed by the intra-annual reservoir downstream (Porras 2008). 
A hydrological study in Los Negros, Bolivia, found no relationship between forest cover and streamflow (Le Tellier, Carrasco, and Asquith 
2009). Studies near the area covered by Fidecoagua in Mexico confirm this trend, although they also show that old secondary forest have 
roughly the same hydrological behavior than established natural cloud forest (Muñoz-Villers et al. 2010).  

 Studies of páramo nearby Cuenca, Ecuador, show that pine plantations decrease annual water yield, livestock grazing is not affecting soil 
compation because of low animal density, and cultivation mainly affects regulation through increase in the magnitude of peak flows and a 
reduction of base flows (Crespo et al. 2009).  

 Salas (2004) reported a severe reduction in water volume was reported following reforestation activities with fast growing exotic species 
(mainly mahogany and gmelina). 

 Not actually measured but estimated through models, the impacts on water flows of the Working for Water programme in South Africa 
have been estimated at 48–56 million cubic metres of additional water per annum (DWAF 2006; Swallow et al. 2009) 

Impacts on water quality 

http://www.fonadefo.org/proyectos.php
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 Community monitoring in Valle del Bravo, Mexico, suggests that water quality in forested areas receiving payments is good, but it declines 
in lower areas of the watershed, suggesting potential problems with fish farms, and domestic or industrial wastewaters (Manson 2008). 
Fidecoagua implemented communal payments alongside the PSAH and reported less sediments but it is hard to judge the validity of this 
claim (Blanco and Rojo 2005) 

 Protection of forest in El Triunfo has contributed to reduced sediment accumulation and lower heat levels, with positive effects on shrimp 
catches and the local fishing industry (Stem 2005), although it is difficult to attribute these impacts to a reduction in risk of deforestation 
without a baseline.  

 San Pedro del Norte (Chinandega, Nicaragua) reported water sources becoming permanent after the introduction of the scheme (Obando 
2007), although no in-depth hydrological study has been conducted and the relatively small scheme size makes it difficult unequivocally 
attribution. A study by Kosoy et al (2005) suggest that this scheme (alongside Jesus de Otoro and Puerto Barrios) are able to demonstrate 
with a degree of confidence that the environmental service is provided, or specify what threshold areas required to reach specific quality 
targets.  

 A perceived reduction in pollution from coffee-processing wastes was reported in 2003. However, it was suggested that this had more to 
do with coffee prices and levels of activity, and that pollution would increase again as coffee prices recovered (Ardón and Barrantes 2003). 

 A successful lesson from the Hunter River Salinity Trading in NSW shows that, covering a total area of 2.2 million hectares, salinity targets 
were met at all times in the Upper Sector of the river when discharges were allowed under the scheme (NSW 2009). 

4.2 Transactional compliance monitoring 

Monitoring efficacy implies providing assurances that the agreed upon land management or production 
practices have in fact occurred.  Compliance and the resulting enforcement of PWS implementation is 
pivotal to program effectiveness and must be considered as a necessary condition for success.  Inclusion 
of compliance and enforcement mechanisms into PWS schemes occurs more frequently than the 
inclusion of hydrological monitoring.   

4.2.1 Indicators and activities promoted under PWS  

Kroeger and Casey (2007) draw attention to the potential loss of ecosystem services resulting from the 
difficulty in identifying and defining a particular service unit and resulting ability (or inability) to measure 
service changes. Thus, the determination of how a particular service is to be measured indicates a 
reasonable constraint in monitoring and evaluation.  Clear biophysical interconnections between land 
use activities prescribed by a PWS scheme and resulting hydrological effects need to be identified, 
understood, and communicated to all program participants, particularly providers and beneficiaries 
(Landell-Mills and Porras 2002).   

As previously mentioned, PWS schemes are based on the implementation of particular land 
management practices intended to positively influence the provision of watershed services.  When 
monitoring and evaluating PWS schemes these practices often serve as a proxy for watershed services, 
given the assumption that particular land management techniques will ‘increase’ the probability of 
desired service provision to downstream recipients (Porras, Grieg-Gran, and Neves 2008; Asquith and 
Wunder 2008; Ortiz, Sage, and Borge 2003). The word “increase” is used given that external factors – i.e. 
counfounders -  will inherently influence hydrological conditions within watersheds (Asquith and 
Wunder 2008).   

The utilization of a proxy action as representative of the production of the desired watershed service in 
programme assessment is repeatedly based on local assumptions and perceptions of biophysical 
interconnections, which tend to ‘oversimplify’ these complex ecosystem functions (Kaimowitz 2004; 
Echavarria et al. 2004; Gutrich et al. 2005). For example, the prevailing assumption is that a positive 
correlation exists between forest cover and the watersheds’ provision of water quality and quantity 
(Saberwal 1998; Rojas and Aylward 2003; Echavarria et al. 2004).  Along this line of thought, changes 
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and conditions in vegetation cover are used to indicate changes in hydrological functions (Asquith and 
Wunder 2008).  Some exploit this occurrence by basing programme assessments on surveys of 
stakeholder perceptions pertaining to situational changes and perceived correlations between 
hydrological changes and reforestation resulting from PWS scheme (see Box 1) .  However, given the 
complexity of watershed ecosystem functions and the clashes with common myths, the use of 
extrapolations from traditional actions (i.e. reforestation) to services (expected increased in water flows) 
can at least be questioned (Aylward 2005; Bruijnzeel 2004; Calder 2005; Bruijnzeel et al. 2010).  

 

Box 1. Perceived impacts of some schemes 

Asking users whether they perceive changes in water service since a PWS scheme was introduced is becoming a 
practice in lieu of scientific information. According to Kosoy et al., (2005) the majority of water users in Jesus de 
Otoro, Honduras and Heredia, Costa Rica, perceive that water provision is the most important benefit from forests, 
and that a larger forest cover will lead to both better water quality and greater water availability. They also report that 
64% of 100 users interviewed in Jesus de Otoro, Honduras, thought that water availability had improved during the 
two previous years, and 39% of 100 interviewed in Heredia, Costa Rica. However, in both cases, it is hard to see that 
any change could be attributed to the PWS schemes, given the small geographical area covered and timeframe. This 
difficulty of attribution to PWS applies to other cases as well. In Campamento, Honduras, there was a perceived 
reduction in pollution from coffee-processing wastes. However, it was suggested that this had more to do with coffee 
prices and levels of activity, and that pollution would increase again as coffee prices recovered (Ardón and Barrantes 
2003).  

The case of Meijiang (China) illustrates the difficulties in drawing conclusions on the impact of land-management 
practices introduced by PWS when farmer perceptions vary and other factors such as extraction of river sand may be 
contributing to reduced sedimentation. Leshan et al. (2005) interviewed several farmers involved in the scheme. 
Overall, in terms of water quality farmers perceive an initial increase in soil erosion while the new activities are in 
place (for example, building terraced strip, level ditch, bamboo ditch, and planting), while environmental pollution is 
not perceived as a problem despite fertilisers and pesticides being commonly used. There is no consensus on the 
impact of orchard development on water flow, with half of the interviewees saying that it had increased and half that 
it had decreased. 

 

4.2.2 Monitoring adequacy of payment levels 

PWS schemes involve some type of compensation, cash or in-king, and at different time scales (one-off, 
continuous). The type of payment will have implications on programme compliance. In-kind, one-off 
compensation may provide immediate benefits, but will be very difficult to retract in case of non-
compliance. Smaller, continuous payments may encourage long-term compliance but if too small they 
may not be sufficient to induce expensive initial farm investments.  

Opportunity cost calculations can play a significant role in assessing the adequacy of compensation 
allocated to service providers (Hoffman 2009). In theory at least, from the supplier (landowner) 
perspective (or compensation effectiveness/adequacy standpoint) payments must exceed, or at the very 
least meet, the opportunity cost of intended land-uses outside of those specified by a PWS scheme 
(Engel, Pagiola, and Wunder 2008; White and Minang 2011).  

In addition to assessing adequacy, valuation of opportunity cost has the capability of enhancing 
environmental efficiency through the differentiation of payments, especially in instances when schemes 
operate under budgetary constraints or excess of demand. For example, within Bolivia’s Fundacion 
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Natura scheme, overcompensation was prevalent among approximately 75 percent of enrolled lands, 
while others were considerably undercompensated (Hoffman 2009).  

However, opportunity cost analyses tend to be unduly simplistic for a number of reasons: 

 Such calculations of opportunity cost are often based on fairly basic cash flow analyses that fail 
to account for risk and uncertainties, as well as different time-scales that the rural land manager 
faces.   

 Changing behaviour involves giving prior practices up, or “losing” what was previously realized 
through traditional land management.  In such cases, behavioural economics has long noted the 
existence of an endowment effect (also known as divestiture aversion), which reflects the 
tendency of people to focus on the loss from a transaction (what they give up) and not on the 
gains from the transaction.  

 Simple cash flow analyses do not take into account inner motivations that the seller may 
experience as part of the process of developing and implementing a PWS transaction.  

These factors imply that a simple opportunity cost analysis (which can only provide a very static picture) 
will understate the incentive necessary to motivate the land manager to enter into a transaction and 
change their behaviour. Even where such opportunity cost pricing succeeds, the decision to participate 
could be influenced by non-monetary issues, like seller remorse, with subsequent impacts on program 
participation as word spreads through the community of potential sellers. Keeping an eye on 
opportunity costs is a necessary but not sufficient condition for successful PWS.  

Beyond monitoring the sufficiency of payments is the much larger question of whether PWS schemes 
deliver economic value, and whether there is an associated increase in environmental services (see next 
Section). Methods for the valuation of hydrological services exist, as for any non-marketed good or 
service (Freeman 1993).  However, in practice these can be difficult and costly to apply.  To date much of 
this type of valuation work has taken place either in the context of academic studies – and thus not 
linked to PWS – or as preliminary work to justify PWS schemes.  Unfortunately, much of the latter work 
attempts to use the opportunity costs of foregone production as the measure of value, an approach that 
is largely meaningless in terms of the environmental service (Rojas and Aylward 2003). The impact on 
the farmer’s net profits from farming tells nothing about what the value of watershed services that 
would be derived from the land under alternative scenarios. The use of replacement costs approach 
suffers from similar limitations (Freeman 1991), as most analysis are theoretical and not actual 
behaviours.  

4.2.3 Monitoring strategies 

Monitoring as discussed here is field monitoring and should be distinguished from overall project 
monitoring, which can involve multi-stakeholder boards with independent audits (i.e FONAG trust fund 
in Ecuador). Thus, compliance monitoring so far focuses on enforcement of contracts, either directly 
with individuals, associations or local facilitators. In some cases, stakeholders and participants can 
conduct this process to a certain degree and thus reduce transaction costs when capacity is adequate on 
both sides (Reis, Sydness, and Barton 2007), although more often this type of “monitoring” refers 
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merely to the collection of data (e.g. readings from staff gages or water quality tests) and not to the 
additional step of determining whether environmental additionality has been achieved.  

This delegation of monitoring and enforcement to program participants is common in institutions 
responsible for managing sustainable common pool resources (Ostrom 1990). Intermediaries such as 
non-governmental organizations (NGOs) also offer cost-reducing assistance, such as that found in 
FUNDECOR’s and CODEFORSA’s provision of technical assistance to the Costa Rican national PSA, in 
exchange of a proportion of the payment (Porras et al. 2012). What this means in effect is that many 
transaction costs are shifted from the buyer to the seller. 

The most common types of compliance monitoring that we see in existing schemes include:  

 Self monitoring,   

 Participatory monitoring: a) group monitoring, or groups of providers, b) interested parties 

monitoring.  

 Expert monitoring through measurements and remote sensing monitoring (usually complemented 

by independent audit); 

Insights from Principal Agent Models suggest that the most cost-effective schemes are likely to have a 
structure where provider has an incentive to truthfully monitor and report their own actions (Laffont 
and Martimort 2002). For example, Bio-Rights provides micro-credit to community members for 
sustainable projects. If the project delivers the expected outputs, then the loan becomes an actual 
payment. In this, and for group monitoring (below), clearly specified measurement protocols must exist 
for forest owners and households to follow when collecting data for monitoring. The Myrada project in 
India reports from 32 microwatershed reports that loans (rather than contributions) improves 
motivation to better monitoring and manage investments (Prakash Fernandez 2003). 

Participatory monitoring can take place in two ways: monitoring within providers, and monitoring 
through multi-stakeholder groups (that may include service buyers). In the first case, service providers 
monitor each other and the buyer (i.e. intermediary, government, direct user) monitors the group and 
holds the group accountable for the input and outcome. Monitoring by peers is useful in systems where 
service delivery is contingent on multiple resource-management units. This has been successful in 
community forest management contracts in India, and social disapproval an important control tool in 
some cases, and it is suggested as a useful tool to ensure transparency and participation in REDD+ 
projects (Skutsch et al. 2009). Group pressure is useful in group contracts, where entire group of service 
providers has to bear the cost of a single individual’s noncompliance. Monitoring by multi-stakeholder 
groups takes place especially in small schemes. For example, a voluntary commission is formed by 
representatives from the local communities, municipalities and/or NGOs involved, and make field visits 
and recommendations. This method has been used in Los Negros in Bolivia (Asquith, Vargas, and 
Wunder 2008), San Pedro Norte, Nicaragua (Porras, Grieg-Gran, and Neves 2008; Marín et al. 2006) and 
Fidecoagua, Coatepec in Mexico. Group monitoring can also prove ineffective in weakly formed groups 
with limited options for enforcing cooperative behaviour and dealing with free-riders, like the short-
lived Group Contracts in the PSA in Costa Rica (Porras 2010). 
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Box 2. Multi-stakeholder monitoring in Los Negros, Bolivia (Asquith, Vargas, and Wunder 2008) 

Baseline water flow and bird species diversity were not established before the scheme began, as it concentrated on 
vegetation cover and an assumed relationship to environmental services.  Basic hydrological relationships remained 
unknown and assumed.  Measuring and demarcating forest conservation plots is done with a hand-held GPS receiver, 
plotted onto a 2001 satellite image-based land-use map. The various forest types in the parcel are then mapped and their 
areas calculated. Farmers receive a copy of “their” map along with their contract. Field demarcation is by natural 
boundaries or trails, signs and wire fencing.  

The Project Control Team (one member of upstream and downstream environmental committee, a nature field technician 
and the landowner) visits each enrolled property once a year. Monitoring is limited to land use changes, and uses GPS and 
maps (US$20 per diem) and submitting a report to the Enforcement Directorate (President of Natura and presidents of 
upstream and downstream environmental committees). The directorate makes recommendations on how to respond to 
infractions, if necessary.  

More recently water flows began to be measured in several tributaries, and an avifaunal survey was done in 2005.  Recent 
results show that the scheme is not having an impact on additionality, as land put under conservation is the least 
threatened by agricultural clearing (Robertson and Wunder 2005), and a rapid hydrological assessment showed no initial 
impact on water flows (Le Tellier, Carrasco, and Asquith 2009). A larger study in Rio Grande, along several universities 
including Vu University has began (2010-2014) http://www.naturabolivia.org/eva2.html . 

Remote sensing monitoring is useful when checking for rough changes in forest cover. Some national 
schemes, like Mexico PSAH, Costa Rica PSA and Ecuador BioBosque use these systems, complemented 
by independent audits by forest regents. Several models exist free of charge on the internet, although 
most have been developed for use within the United States (see RedLAC (2010) for examples).  
However, remote sensing is not useful for monitoring actual changes in watershed services, and can only 
provide a blunt measure of whether land cover has changed or not.    

Nevertheless, even compliance monitoring is typically less than optimal.  Inadequate funding, lack of 
institutional capacity and capabilities (e.g. scarcity of enforcement personnel), poor communication 
between stakeholders, intermediaries, and regulatory officials all contribute to a reduction in 
monitoring compliance and enforcement (Echavarria et al. 2004; Wunder and Albán 2008). Compliance 
and enforcement mechanisms should be implemented during the beginning stages of a scheme, though 
some have been set up as ’learning by doing’ exercises, as is the case in Pimampiro (Echavarria et al. 
2004).  

Sanctions resulting from enforcement typically take the form of time-based exclusion, cancellation or 
suspension of payments (Wunder and Albán 2008; Echavarria et al. 2004; Claassen, Cattaneo, and 
Johansson 2008), or the threat of civil legal action in case contracts are breached, like in the PSA 
Program in Costa Rica. Observed penalties and possibility of enforcement do have the capability of 
reducing the costs associated with monitoring through the ‘perceived threat’ of sanction imposition, 
particularly in smaller communities where social pressures and learning has the potential to encourage 
cooperation (Wunder, Engel, and Pagiola 2008; Wunder and Albán 2008). Information asymmetries in 
the form of hidden action (or moral hazard) can affect conditionality if the conservation agent may find 
monitoring contract compliance expensive and sanctioning noncompliance politically costly (especially 
in contracts are with poor groups), and thus fail to enforce the contract. While high fines are often used 
to deter non-compliance, the voluntary nature of PWS limits the range of sanctions. Under such 
conditions, the landowner has an incentive to breach contractual responsibilities (Pattanayak, Wunder, 
and Ferraro 2010; Wunder 2005).  

http://www.naturabolivia.org/eva2.html
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On the other hand, the payments themselves can act as a compliance inducing mechanism to some 
degree.  When participation is properly monitored and payments are truly conditional, providers ‘learn’ 
to comply, particularly when the level of payment truly compensates the provider for the services 
rendered (Kosoy et al. 2007; Claassen, Cattaneo, and Johansson 2008).  

In sum, compliance monitoring and enforcement are necessary to demonstrate efficacy with regard to 
delivery of contracted-for watershed actions.  Clarity as to the action required is one thing, clarity that 
taking this action leads to change in land management from what would have happened otherwise is, as 
mentioned above, another thing.   The question remains of whether discussion of efficacy with regard to 
contracted-for actions is sufficient to demonstrate service delivery, or whether hydrological monitoring 
is also necessary. 

4.3 Effectiveness compliance: additionality of the scheme   

The land management or production practices that are incentivized through PWS schemes are intended 
as the cause that leads to an effect; the effect being a change in watershed or hydrological function.  In 
the PES context, additionality can be defined as the scheme’s ability to induce the intended outcomes, in 
an aggregate manner, as opposed to outcomes that would have happened had the scheme not been 
implemented (Shrestha and Timilsnia 2002; Muñoz et al. 2005; Claassen, Cattaneo, and Johansson 
2008).  This change in function is itself presumed to be of some consequence to human welfare – either 
in terms of economic costs and benefits or off welfare, particularly for the poor.  Here we focus on the 
first step, which involves monitoring whether or not the PWS scheme can be said to be environmentally 
effective.   

4.3.1 Indicators and baselines  

With regard to watershed function the measurement of one or another component(s) of water quality 
and quantity is necessary in order to show an effect. When assessing water quality, measurement of 
sediment, nutrient, and chemical load reduction, and temperature are often employed.  From a quantity 
standpoint, measurement of some feature of the hydrograph, such as base, peak or low flows are 
indicated.  Demonstrating environmental additionality may well require a substantial baseline in both 
cases. Even when available, data sources are difficult to compare. Where hydrological records for water 
flow exist, they are from gages that have a long record of operation, while technologies for remote and 
continuous water quality monitoring are much more recent.  

Asquith et al. (2008) identify the importance of composing a baseline for monitoring in mentioning that 
sound measurement and evaluation of PES schemes are reliant upon a preliminary understanding of 
biophysical interconnections in targeted areas. Most baselines existing until now focus on forest cover in 
properties, usually with GIS-based technology with ground-truth, rather than measuring the quality or 
quantity of the watershed service.  The Working for Water programme in South Africa is an exception in 
the hydrological baseline developed prior to the beginning of the programme (Turpie, Marais, and 
Blignaut 2008). This is not to say that projects do not monitor changes in watershed services, but it 
tends to be done with less vigour than for changes in land use. For example, FONAG in Ecuador has 
installed fairly sophisticated weather stations and soil moisture monitoring stations (Cannon, Hill, and 
McCarthy 2010). Los Negros, Bolivia, currently has hydrological monitoring looking at changes in water 
quantity and also for changes in biota (see box above). The Working for Water programme in South 
Africa monitors the amount of alien species removed from river edges, but changes on water quantity 
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are only estimated through modelling (Ferraro 2009). But many of these examples face the problem of 
attribution discussed before, as causal links remain uncertain, for example because of patchy or short-
termed collection of information, stochastic events (such as weather patterns) masking local impacts, 
and uncertainty about groundwater movements. 

Schemes from developed countries have been more successful at implementing monitoring based on 
outputs (i.e. level of ecosystem service provided) using baselines.  In New Wales, Australia, the Hunter 
River Salinity Trading scheme has been successful in managing salinity levels along the river. The scheme 
monitors and caps the discharges of twenty-three coal mining and power generation facilities, and 
allows trading of credits depending on the flow of the river (NSW 2009). The Vittel project in France 
monitors water quality extensively in all participating farm sites (Perrot-Maitre 2006). The River case 
project in Sumberyaja is an early example of payments made upon delivery of reduced sediments, with 
the added value of creating a market use for sediments trapped (Harto Widodo et al. 2006). 

Ultimately, there is significant scarcity of schemes that have developed a measuring program based on a 
well-established baseline (Agarwal et al. 2007; Porras, Grieg-Gran, and Neves 2008). Obviously, the lack 
of even a baseline as to prior land management or practices is a fundamental obstacle to monitoring 
transactional compliance or service provision. 

 

Box 3. Collecting information  

How much research is then needed prior and during PWS implementation? Information is priceless, but it has a cost. How 
much research is needed for implementing PWS schemes varies depending on the nature and scale of the problem, and 
how much funds exist for this type of studies. The Bellagio Conversations (Asquith and Wunder 2008) provide a useful rule-
of-thumb to begin a PWS scheme. The simplest case is conservation of existing ecosystems under threat, for maintenance 
of water quality or quantity. A mechanism can be based on the precautionary principle, and studies can follow in time, as 
in the case of Los Negros in Bolivia (Asquith, Vargas and Wunder 2007). Restoration of habitat is more complicated. 
Research will be required to demonstrate biogeochemical linkages, threshold levels and cost-effectiveness for water 
quality. Research for water quantity is even more complicated if no site-specific information is already available. The wisest 
course of action recommended is to undertake a series of inexpensive “no-regret” actions until full research is done to 
determine whether or not to implement a full-scale PWS scheme.  

Van Noordwijk (2005) presents a useful description of the type of watershed service, key indicators, ways to measure them 
(or proxies if needed), and how these indicators can be monitored locally. n their book about Forests, water and people in 
the tropics, Bonell and Bruijnzeel (2005) present several papers on collection of information, including remote sensing 
technologies, statistical methods, and selection of models. These methods provide, within their own limits, the best 
existing information about the impacts of land use changes on water variables.   

 

4.3.2 Attribution 

Demonstrating environmental additionality involves much more than having a prior record of 
measurement of the desired hydrological variable.  It is also necessary to understand the relationship 
between the action and that variable.  This requirement may pose a further obstacle, even where a 
baseline record of water quantity or quality data do exist.  While various methods exist the basic 
requirement here is about attribution, basically understanding whether and how factors other than the 
target actions affect water quality and quantity over time.  This implies the ability to consult data on 
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potentially confounding drivers, not just that of the principle action being addressed.  With regard to 
PWS this step can be quite difficult and time-consuming.  If this crucial step is not undertaken then 
faulty conclusions about cause and effect can be made and a PWS program declared a success, when in 
fact it has had little to no impact on watershed services, or the other way around: lack of evident 
outcomes may be linked to external factors other than programme design.   

The problems of attribution can be easily attested in the Maasin watershed program in the Philippines. 
Three years after the program began the area was affected by a severe reduction in water flows, and 
significant siltation. Some blamed the use of fast growing species used (mainly mahogany and gmelina). 
However, other factors affecting included water utilities using more water than previous quotas, and 
increased siltation from tillage of new lands after farmers were removed from some parts of the 
watershed. None of the hypothesis were explored, however, and arguments stopped when it began to 
rain again (Salas 2004).  

4.3.3 Targeting strategies 

Recent studies assessing additionality within PWS schemes indicate that enrolment-based mechanisms 
(i.e. voluntary participation) may negatively influence the efficiency and effectiveness of the program, as 
it may end up with lands under low risk of degradation or with little influence over hydrological changes 
(Robertson and Wunder 2005; Asquith and Wunder 2008; Muñoz et al. 2005; Hoffman 2009; Kalacska et 
al. 2008; Pfaff, Robalino, and Sánchez-Azofeifa 2008). For voluntary contracts, like those promoted 
under PWS, targeting and/the use of preferential criteria for contract allocation can help increase 
environmental effectiveness (Sen 1996).  Monitoring the type of targeting used, and the ability of a 
scheme to enforce this targeting, can be an indicator of the potential impact on the watershed service.  

Targeting not only requires the selection of the appropriate location but also choosing the resources 
that will deliver services of the required quality. Typically in PWS there is one buyer (usually the 
government) providing monopsonic powers, including the ability to select and change prices which is an 
important tool for targeting by using price-differentiation.   

Targeting critical areas can be done by directing payments towards watersheds important for human 
use of watershed services (i.e. for domestic water use or hydroelectricity), areas prone to degradation 
(high slopes, or along river edges), and those areas more at risk from changes in land use (for example, 
forest clearing for agriculture).  

It is easier for local schemes to target precisely areas surrounding headwaters of main water supply (i.e. 
Pimampiro in Ecuador, Tacuba in El Salvador, Jesus de Otoro in Honduras and San Pedro Norte in 
Nicaragua). According to Wunder and Albán (2008), targeting of the small scale scheme in Pimampiro 
has contributed to stopping deforestation and to the marked recovery of native vegetation, contrary to 
trends happening in most neighbouring villages. Before the introduction of payments in 2000, 
approximately 30% of the total area had been converted to cropping and pastures, compared to a 
reduction of only 14% in 2005. It is hard to check what the effect on water availability is, with no 
baseline studies to draw on or appropriate counterfactuals. Downstream perceptions of increased water 
flows can be strongly affected by improved infrastructure created parallel to the beginning of the PES 
scheme (Echavarria et al. 2003). Lack of targeting in Los Negros, Bolivia, matched with very low 
compensation (which covers only 2–10% of the opportunity costs for setting aside agricultural land) 
means that the areas chosen by farmers to put into payments are those with less potential for 
agriculture and therefore in less risk of conversion (Asquith, Vargas, and Wunder 2008; Robertson and 
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Wunder 2005). Better targeting of critical areas may result in fewer participants but higher levels of 
compensation for each one, therefore increasing the attractiveness of the scheme (Asquith, Vargas, and 
Wunder 2008; Wunder 2008). 

Lack of targeting can dilute potential benefits from large, usually national, schemes. The strong top-
down approach from the Sloping Land Conversion programme in China, for example, shows that that 
38% of area converted from agriculture to forestry in Gansu Province (and 10% in Shanxi and 11% in 
Sichuan) was low slope area and hence at little risk of causing erosion. Although these new forest areas 
can have a benefit for biodiversity and landscape, it is doubtful that it would have much impact on 
sediments downstream (Xu et al. 2004; Bennett and Xu 2008). Using treatment analysis, Xu et al (2010) 
demonstrate that increasing local autonomy could lead to improvement in local targeting, program cost-
effectiveness and outcomes.  

Lack of targeting in some voluntary conservation contracts, where landowners determine the supply of 
potential targets (i.e. Norway and Finland), have been criticized because they may result in a 
conservation network which does not cover all focal ecological characteristics (Barton 2010), although 
early analysis of the Trading in Natural Values in Finland show that while the program meets its 
ecological goals but it is still early to assess the long-term ecological effects (Juutinen, Mönkkönen, and 
Ylisirniö 2009).  

The first years using a first come-first served approach in the Costa Rica and Mexico national schemes 
were notorious for minimal impact on lands at risk. In the isolated Peninsula of Osa (Costa Rica), land 
under protection contracts corresponds mainly to forestland that may not be in direct danger of being 
converted because of its isolation and difficult access (Sierra and Russman 2006). Analysis by Sanchez-
Azofeifa et al. (2007) found that there was no significant difference in the rate of deforestation in 1997–
2000 between areas in the national PSA scheme and areas that were not, although this can be debated 
given the low rates of deforestation during the late 1990s and early 2000s. Barton et al. (2009) showed 
that Costa Rica’s next PES phase achieved a higher efficiency level due to improved targeting with 
respect to its 1999-2001 period. Still, the program does not yet focus on areas with higher deforestation 
risk, and this is reflected in its inability to have an effect on deforestation (Robalino et al. 2008; Sánchez-
Azofeifa et al. 2007). 

Mexico has undergone several stages related to targeting criteria. Initial distribution of contracts was 
ad-hoc, and much of the land being put under payments was not really at risk of being converted 
because of its low opportunity costs.  A spatial model created by Munoz-Piña et al. (2005) showed that 
in 2003 only 11% of the participating hectares in the scheme were classified as having high or very high 
deforestation risk but this increased to 28% in 2004. Priority criteria was introduced for eligibility, 
including protection of forest in aquifers; areas with water scarcity; and flood-risk areas and other 
disasters associated to weather extremes.  At the moment, there is a combination environmental, 
administrative and social eligibility criteria (in 2006 there were 9 criteria for eligibility, and 26 by 2010). 
Secondary criteria receives more weight than primary, and only one third of enrolled areas were under 
risk of significant deforestation, and increasingly criteria other than environmental clutter the program’s 
ability to be environmentally effective (Muñoz-Piña et al. 2008; Alix-Garcia et al. 2005; Muñoz-Piña et al. 
2011). Lessons from Costa Rica and Mexico have been learned, and the Ecuador national Socio-Bosque 
PES program incorporates risk of deforestation as criteria for participation (alongside with poverty levels 
of population and representativity of forest in the protected areas system).  



22 

 

National programmes in Costa Rica, Mexico, and China for their most part have not been very successful 
at targeting land more at risk (Sánchez-Azofeifa et al. 2007; Alix-Garcia, Janvry, and Sadoulet 2005; Alix-
Garcia, Shapiro, and Sims 2010; Bennett and Xu 2008).  Additionality of the programme is significantly 
reduced by concentrating on conservation of forest not much at risk (i.e. all payments in Mexico and a 
very large proportion in Costa Rica are for conservation).  Explanations are multiple, linked to political 
interests and pressure from groups, and governments’ tendency to “learn on the job”. Increasing 
demand from farmers, tighter supply of funds, and pressure from academic groups pointing at 
inefficiencies, is leading to a new generation of programmes where risk is more seriously taken into 
account. Mexico is moving from an ad-hoc approach in contracts to more inclusion of risk. It remains to 
see whether existing payments would be enough to attract farmers in targeted areas, or whether 
differentiated payments would be required (at present Costa Rica has introduced higher payments for 
hydrologically sensitive areas, usually near city centres and with higher opportunity costs).  

4.4 Monitoring unintended impacts  

4.4.1 Leakage 

Leakage (or slippage) is defined as an unintentional effect of participation in PES or other conservation 
schemes in which participation efforts are offset by degradation in other areas under the control of a 
PES enrolee.  Generally, this issue is associated with the extension of cropland areas outside of lands 
participating in the PES scheme while land within the scheme is being managed in compliance with 
program specifications (Hoffman 2009; Claassen, Cattaneo, and Johansson 2008). This is less of as issue 
in local PWS schemes that target specific catchments for participation, though potentially greater for 
larger (often government-financed) schemes (Ross, Depro, and Pattanayak 2006). Because of the largely 
unknown nature of inter-basin dynamics, one cannot assume that leakage-induced degradation outside 
the project area will not affect the hydrology within it.   

Another unintended consequence of PES schemes is found in perverse incentives such as the purposeful 
degradation of lands in an effort to acquire a means to be compensated for restorations efforts specified 
by a PES program. Cessation of current restoration efforts to receive payments also falls into this 
category (Wunder and Albán 2008). For this reason FAO calls for the need to design monitoring 
mechanisms that identify perverse incentives given the potential impact of their effects and the 
likelihood of their occurrence (FAO/REDLACH 2004).  

4.4.2 Monitoring equity impacts  

Pro-poor strategies are often implicit or explicit objectives of PWS schemes, particularly in government 
financed programs.  The justification of these inclusions is sourced in the observation that activities 
performed by providers of watershed services both directly and indirectly affect lower-income groups 
regardless of where they are located within the watershed.  Increasingly, PES programmes (pushed by 
the REDD+ agenda) highlight the necessity to examine environmental effectiveness and the social and 
governance enabling conditions at the local level that affect legitimacy, participatory and distributional 
justice (Svarstad et al. 2011).  

Within the PES context, land tenure tends to be the primary factor excluding the poor from participating 
(Porras, Grieg-Gran, and Neves 2008; Pagiola, Arcenas, and Platais 2005; Grieg-Gran, Porras, and 
Wunder 2005). For example, watershed development programs located in India have resulted in the 
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exclusion of the poor from areas formerly utilized as common lands (Reis, Sydness, and Barton 2007).  In 
response to parallel issues, the RUPES project in Sumberjaya, Indonesia has supported the acquisition of 
land tenure and user rights among participating farmer groups who perceive this compensation as 
highly valuable (Dasgupta 2007). Supporting enforcement of land tenure is a component in Los Negros, 
Bolivia, providing participants with property maps and barbed wire to reduce illegal seizure of lands 
enrolled (Asquith, Vargas, and Wunder 2008).  

Property size is another key deterrent in two ways. First, small farmers usually require a mix of economic 
activities within their plot to distribute risk and ensure short-term food supply. Second, the need to 
reach specific threshold levels to provide a meaningful level of service implies the need to target large 
areas, for which small, scattered properties make less economic sense as transaction costs escalate.  

PWS projects that focus on forest protection, or require high initial investments, will deter participation 
of smaller, farm-dependent landowners. Proposals like the Green Water Credits project in Kenya, which 
focus on feasible techniques for small rain-fed farmers (like mixed cropping, terracing and agro forestry) 
to increase the soil’s ability to retain soil moisture after rain events are more likely to be have a better 
social impact that those focusing on protection-only.   

It is relatively easier for small-scale projects to focus on specific areas, activities, participants (farmers 
and/or associations), and be flexible about property rights as other forms of tenure can be locally 
accepted. For example, in Pimampiro in Ecuador the local municipality has dealt directly with an 
association working out the best practices for farmers (Wunder and Albán 2008). In Central America 
PASOLAC has supported several small-scale schemes involving farmers and communities, making the 
process participatory and inclusive (Obando 2007).  

This process is more difficult to reach for national-level schemes, like Mexico or Costa Rica. The selection 
process for contract allocation must be a transparent process with similar rules for all, and cannot be 
lifted easily. In Costa Rica, ‘non-negotiable’ requirements, like property titles, no-mortgages (only 
acceptable with certain banks), can leave out vulnerable farmers. The use of aggregate indicators of 
poverty (like the Social Development Index < 40 used in Costa Rica) as preference criteria to allocate 
contracts in poorer areas has limited success, as it targets areas and not farmers, and would allocate 
equal preference to large landowners living in the target area (Porras 2010). The balance between 
environmental and other (social, political, administrative, etc) criteria is a problem in national schemes 
that must also strive for transparency in the allocation of public funds. In the PWS program in Mexico, 
less than 20% of the points allocated to contract selection are of hydrological importance (Muñoz-Piña 
et al. 2011).  

5. Conclusions 

As the levering capacity for demanding payments for better watershed management increases, so does 
the need to demonstrate the impact of such activities. Interest in market-based solutions like Payments 
for Watershed Services continues to grow, in many cases complementing national or local regulations to 
raise funds (targeting the service users) and restrict damaging practices (targeting service providers).  

 There is a fine line between obtaining enough scientific information to develop and monitor a project, 
and how cost-effective this project might be as cost increase.  By definition, the attractiveness of PWS 
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schemes relies on its ability to create an incentive to change a behaviour, and whether this change in 
behaviour generates net positive impacts on the level of the watershed service.   

In this article we discuss the monitoring and evaluation criteria behind compliance, or transactional, 
monitoring to ensure that the contracts are followed, and effectiveness conditionality, that looks at how 
the scheme has managed to achieve its environmental objectives regardless of the degree of 
compliance. Although both are usually linked, a high degree of compliance does not necessarily produce 
a high degree of effectiveness.  A poorly designed scheme, for example, may target the wrong land 
managers and land at least risk and, thus, the payments may not generate the desired hydro-ecological 
or conservation benefits.  

At the moment most schemes in developing countries focus on compliance monitoring. Even this is 
typically less than optimal.  Inadequate funding, lack of institutional capacity and capabilities (e.g. 
scarcity of enforcement personnel), poor communication between stakeholders, intermediaries, and 
regulatory officials all contribute to a reduction in monitoring compliance and enforcement.  

Demonstrating environmental additionality involves much more than having a prior record of 
measurement of the desired hydrological variable.  It is also necessary to understand the relationship 
between the action and that variable.  This requirement may pose a further obstacle, even where a 
baseline record of water quantity or quality data do exist.   

While various methods exist the basic requirement here is understanding whether and how factors 
other than the target actions affect water quality and quantity over time.  This implies the ability to 
consult data on potentially confounding drivers and a sound theory of change model behind the 
scheme, not just that of the principle action being addressed.  With regard to PWS this step can be quite 
difficult and time-consuming.  If this crucial step is not undertaken then faulty conclusions about cause 
and effect can be made and a PWS program declared a success, when in fact it has had little to no 
impact on watershed services.  In particular, if no baseline information is available and no cause and 
effect relationship established, development of a PWS scheme will need to rely on significant scientific 
extrapolation or local knowledge.  More to the point it will be effectively impossible to link cause and 
effect through monitoring.  In such cases all that can be done is to monitor contract compliance and 
relevant hydrological variables.  If the hydrological condition does not improve it can be intuited that the 
PWS scheme is not working, but why it is not working cannot be established.  If conditions do improve, 
the only conclusion that can be drawn is that the PWS scheme has probably not hurt the situation, but 
there can be no proof that the improvement is due to the PWS scheme. 

A better understanding of these relationships is vital for the long-term health of existing initiatives. So 
far, the growing interest shows that participants believe in the principle of land management. Evidence 
of impact will be required none the less to ensure that actions are truly additional, and root out those 
are merely self-serving enrichment at the public trough.   
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Annex 1. Monitoring and impacts in existing PWS schemes 

Case Extend4 Design  and monitoring Reported results 

Australia, Hunter 
River Salinity 
Trading, New 
South Wales 

Output based, 
local scheme 

(NSW 2009) 

Point source dischargers trade credits in 
order to maintain a maximum salinity 
level of 900 EC (electrical conductivity) 
units. The Scheme monitors and caps the 
discharges of twenty-three coal mining 
and power generation facilities.  These 
facilities hold a total of 1,000 salinity 
credits.  During high flow conditions, each 
credit allows a discharger to release up to 
0.1% of the Total Allowable Discharge or 
sell the credit to another participating 
facility over the scheme's online trading 
platform.  During low flow conditions, no 
discharges are allowed, and during flood 
conditions discharges are unrestricted.   

The service area covers a total of 2,200,000 
hectares. The scheme achieved excellent 
results during 2008–09. Salinity goals were 
met in the Hunter River at all times in the 
Upper Sector of the river when discharges 
were allowed under the scheme 

Bolivia, Los 
Negros  

(Asquith, Vargas, 
and Wunder 
2008; Asquith 
and Vargas 2007; 
Le Tellier, 
Carrasco, and 
Asquith 2009) 

Local initiative, 
input-based 

 

Fundacion Natura has implemented an 
on-site monitoring program for 
participating farm lands that is conducted 
by a Project Control Team every 12 
months.  The team is composed of one 
upstream and downstream community 
member, a Natura Fundacion field 
technician, and the land owner.  Reports 
derived from the monitoring process are 
provided to the enforcing agency that 
imposes final sanctions. In response to a 
formerly non-existent hydrological 
baseline and insufficient monitoring data, 
the Fundacion Natura executes biweekly 
quantity-based hydrological 
measurements within the watershed’s 
tributaries.  

Additionality of case questioned as land in 
scheme is not that with highest deforestation 
risk, but it has not been rigorously measured. 
A hydrological study found no relationship 
between forest cover and streamflow.  

China 

(Sun and Chen 
2006; Bennett 
and Xu 2008; Xu 
et al. 2010; Xu et 
al. 2004). 

Forest 
Ecological 
Compensation 

Sloping Land 
Conversion 

Input-based 
national schemes 

National government programme through 
which farmers must set aside erosion-
prone farmland within critical areas of the 
watershed of the main rivers in China. 
Monitoring is done at the local level by 
local governments.  

Although the numbers of reported plantations 
are staggering (28 million hectares of 
plantations in 6 years; converted 8.8 million 
hectares of crop to plantations, soil erosion 
has been reduced by 4.1 million ha, total 
plantation area 53 million hectares), some 
studies of the SLCP suggest low rate of survival 
and sufficient monitoring, suggesting that 
programme may slip into a one-off transfer to 
participants, with little substantive 
environmental outcomes, No info on impacts 
on water flows.  

                                                           

4
 Input-based schemes are based on the assumption of delivery of environmental services by a given land-based 

activity. Output-based schemes try to measure the actual environmental services provided. See Section Error! 
Reference source not found. 



26 

 

Programme 
(SLCP) 

Conversion of 
Cropland to 
Forest Program 
(CCFP) 

Colombia, Cauca 
Valley,  

(Kosoy et al. 
2005; Echavarria 
et al. 2003) 

 

Input-based, local 
schemes 

Monitoring of land use is done by the 
water associations.   

Despite continuous monitoring of land use, no 
studies on water flows have taken place. 
Anecdotal evidence suggest that between 
1988 and 1998 levels of the Desbaratado River 
did not present the extreme flooding incidents 
that occurred previously, and there were 
improvements in dry-season flows for the 
Nima and Amaime watersheds. But this data is 
limited, and the absence of concrete figures 
makes it difficult to assess the actual 
hydrological impacts of the interventions of 
the project (Echavarria 2002). According to 
Kosoy (2005), long term trends for annual 
rainfalls and irregular fluctuations are due to 
large geographical scale causes rather than to 
the local forests status.  

Costa Rica, La 
Esperanza  

(TEEBcase Porras 
2010; Rojas and 
Aylward 2003)  

Local 
independent 
scheme, input-
based 

(payments based 
on energy 
production) but 
later on moved to 
output-based. 

Baseline using extrapolated data from 
other local watersheds. No monitoring 
processes have been implemented, 
although changes in water quantity are 
estimated through the amount of 
hydroelectricity produced.   

Land were payments are made are protected 
by a private reserve. No change in land use 
has taken place, and no changes in water 
flows are expected.  

Costa Rica, PSA 
Program,  

(Porras 2010; 
Blackman and 
Woodward 2010; 
Sánchez-Azofeifa 
et al. 2007; 
Arriagada et al. 
2010) 

National 
programme, 
input-based 

Hydrological priority criteria for contract 
allocation (1 of 7 criteria) and higher 
payment. Monitoring is done observing 
changes (or avoidance) to land use, visual 
inspections and satellite pictures. Non-
compliance is punished by withdrawing 
payments, and in extreme cases through 
civil legal action. 

“Hydrological sensitivity” priority criteria 
for protection contract allocation (1 of 7) 
and higher payment per hectare 
(US$400/.ha/5 year as opposed to 
US$320/ha/5 years for regular protection) 

Payments are demand-led, and are mostly 
for conservation. Compliance on forest 
cover observed, and effectiveness 
increasing as the programme moved from 
first-come, first-served to targeting; but 
no studies on impacts on watershed 
services. 

 

By Feb 2010 the program had covered nearly 
730,000 hectares of forest, and planted nearly 
3 million trees in agroforestry plantations. 
Lack of targeting results in modest to 
minimum impact on deforestation. Studies in 
cloud forests show modest impact on water 
budgets.  

Ecuador, Cuenca,  Local initiative, The Macua Project from the University of Hydrological studies wet Andean páramo 
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(Echavarria et al. 
2003; Crespo et 
al. 2009; Stanton 
et al. 2010)  

input-based Cuenca, Ecuador, was established in 2002 
to compile land and hydrological data in 
the four watersheds providing water to 
the town of Cuenca.  Activities composing 
this project included: installation of 
network-linked meteorological 
monitoring equipment, a demand 
(designated) and supply (availability) 
assessment of waters in the watersheds, 
water quality studies, and soil studies. 
Data collected for this project offers the 
ETAPA (Cuenca’s municipal water utility) 
well-established baseline data and 
continued monitoring abilities for the 
implementation of future PWS programs 
in the Yanuncay watershed. 

ecosystem in nearby areas show links of land 
use on water: 1) pine plantations decrease 
annual water yield as a consequence of 
increased evapotranspiration; 2) because of 
low animal density, livestock grazing does not 
seem to affect the hydrological response; 3) 
cultivation mainly affects regulation through 
increase in the magnitude of peak flows and a 
reduction of base flows (Crespo et al. 2009).  

Ecuador, Fonag,  

(Cannon, Hill, and 
McCarthy 2010; 
Echavarria et al. 
2003; Southgate 
and Wunder 
2007) 

 

Local initiative, 
input-based 

Conditionality is not an issue pursued by 
the program. Instead, payments from 
users of watershed services are being 
directed to conventional conservation 
projects (Southgate and Wunder 2007). 
So far FONAG has managed fairly 
sophisticated weather stations and soil 
moisture monitoring stations installed 
and working correctly (Cannon, Hill, and 
McCarthy 2010).  

By 2008 more than 65,000 ha  were under 
management, but plantations are still too 
young to estimate their impact. A most basic 
understanding of the water budget in any of 
the watersheds, and almost nothing is known 
about how changes in land-use activities might 
affect any of their respective water budgets. 
But effects likely to be small, because 1) 
threshold levels very small - about 2.5% of all 
area are reforested; and 2) farmers living 
upstream may use the additional flows for 
their own (Cannon, Hill, and McCarthy 2010).  

France, Vittel Local private 
scheme, output 
and input based 

 

(Perrot-Maitre 
2006; Wunder 
2008) 

Water quality monitored extensively (300 
tests per day) given the strict regulations 
required to market their product as 
“natural spring water”.  In addition to in-
house monitoring, the Institut National de 
la Recherche Agronomique (INRA) 
undertakes compliance monitoring at 17 
participating farm sites, and the INRA, 
Agrivair (the intermediary developed by 
Vittel to ‘negotiate and implement’ the 
PWS scheme) monitors compliance of 
farming practices among participating 
lands.  

These monitoring practices incorporated into 
Vittel scheme have generated clear and 
measurable improvements in water quality 

Honduras,  Jesus 
de Otoro,  

(Kosoy et al. 
2005) 

Input-based local 
scheme, PASOLAC 
supported  

Water authority has been monitoring 
water quality since 1999. Base studies 
included basic hydrological information, 
topography, precipitation, types of soils, 
etc., but no direct measurements of 
sediments.  

Monitoring shows some “improvement” since 
the introduction of PWS. Btu small scale of 
this pilot PWS scheme and the lack of 
knowledge of underground water movements 
make it unlikely that it is the main reason for 
this improvement, which can also be linked to 
using chlorine used to treat water. Fieldwork 
by independent study (Jesus de Otoro, Puerto 
Barrios and San Pedro Norte) showed that 
none of the case studies demonstrate with a 
degree of confidence that the environmental 
service is provided, or specify what threshold 
areas required to reach specific quality 
targets. 

Honduras, 
Campamento,  

(Ardón and 

input-based, local 
initiative (but no 
cash payments 
made yet). 

No baseline studies prepared, and 
monitoring of changes of land use is done 
but not of changes in water quality or 
quantity.  

A perceived reduction in pollution from 
coffee-processing wastes was reported in 
2003. However, it was suggested that this had 
more to do with coffee prices and levels of 
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Barrantes 2003; 
Kosoy et al. 2005) 

activity, and that pollution would increase 
again as coffee prices recovered. 

Honduras, El 
Copan  

 

(Villanueva et al. 
2008; Alpizar, 
Blackman, and 
Pffaf 2007) 

input-based, local 
scheme 
(proposed) 

Highly detailed management plans at 
farm level have been designed to improve 
productivity with payments based on 
existing land use and activities required. 
Targeting of work in areas with important 
users downstream (high-benefit), and 
where drainage has maximum impact 
(high-risk). Baseline developed for current 
land uses and given points according to 
their perceived benefits (i.e. primary 
forest with surveillance highest rank). 

Too early for results, but this new initiative 
builds on lessons from previous studies 
(especially Silvopastoril).   

Indonesia: 
RiverCare,  
Sumberjaya 

(Suyanto 2010; 
Harto Widodo et 
al. 2006) 

input-based local 
scheme, 
supported by 
RUPES, and 
testing for output-
based (payments 
upon delivery of 
reduced 
sediments). Builds 
up on new law.  

 

 

The scheme, supported by RUPES, is 
testing for output-based (payments upon 
delivery of reduced sediments). Builds up 
on new law. Socioeconomic baseline 
through rapid rural appraisals. Monitoring 
is on three aspects: infrastructure, 
institutional aspects and actual sediment 
reduction in the river. Community groups 
who learn how to trap and use sediments. 
A financial reward scheme provides some 
funds upfront and then pays additional 
specified amounts based effects achieved. 

About 70 percent of the forest margin is 
covered by agreements (remaining forest in 
progress – 7% only in 2004). Conditional land 
tenure in place for 6400 farmers. 
Implementation of practices like multi-story 
coffee gardens,  

 

Mexico Chiapas 
(including the El 
Triunfo and La 
Encrucijada 
Biosphere 
Reserves)  

(Stem 2005) 

Local initiative 
linked to national 
PSAH Program. 

input-based 

Monitoring is input-oriented and struggles 
with how to establish a link between 
output indicators and changes in higher-
level watershed conservation targets.  

For the most part evidence is anecdotal and 
supports positive perception for restoration, 
suggesting lower sediment accumulation and 
lower heat levels, with positive effects on 
shrimp catches and the local fishing industry.  

Mexico, 
Fidecoagua, 
Coatepec,  

(Holwerda et al. 
2010; Muñoz-
Villers et al. 2010; 
Blanco and Rojo 
2005) 

Local initiative 
linked to national 
PSAH Program. 
input-based 

Initial baseline study for forest cover in 
properties and literature review, but no 
measurement of water quantity/quality. 
PES and direct purchase of plots for 
conservation. GIS images used to monitor 
for forest cover, field visits and field 
supervision. Independent studies have 
also been measuring impact of cloud 
forests on water flows.  

Increasing number of land receiving 
community payments (over 2300 ha between 
2003 and 2010). Perceived positive impacts in 
water quality because less sediments, but no 
hard info.  Hydrological studies conducted 
between 2002 and 2007 show smaller than 
expected impact on flows, but also shows 
secondary forest impacts similar to primary 
forests in terms of water at cloud levels.  

Mexico, PSAH 
Program 

(Muñoz-Piña et 
al. 2011; Muñoz-
Piña et al. 2008; 
Alix-Garcia, 
Shapiro, and Sims 
2010) 

 

National 
programme, 
input-based 

Higher payments for cloud forests and 
forest with high deforestation risk. 
Monitoring based on changes on forest 
cover (GIS and satellite images).    

Hydrologic importance and risk of 
deforestation represents only 20% of total 
priority criteria (out of 26 criteria). Secondary 
criteria (administrative, social, etc) diverts 
funds from where they can be more effective. 

Program has significantly (but small) reduced 
deforestation. But slippage effects can only be 
accounted for at the national level..  
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Mexico, 
Zapaliname,  

(Canales 2006; 
Lechuga 2009) 

Local initiative 
linked to national 
PSAH Program. 
input-based 
(protection of 
existing reserve) 

No baseline study. Monitoring is done as 
part of the Reserve’s regular activities.  

To 2009 only 14% of water users were paying 
the voluntary fee. There is some monitoring of 
water springs for quality, but their results are 
not available yet.  

Mexico. 
Procuenca, (Valle 
del Bravo).  

(Porras, Grieg-
Gran, and Neves 
2008; Manson 
2008) 

Local initiative 
linked to national 
PSAH Program. 
input-based 

Baseline studies for water quantity and 
quality in the rivers and dams, provides 
equipment and training for local 
stakeholders-led hydrological 
assessments and monitoring.  

Suggest that water quality in forested areas 
receiving payments is good, but it declines in 
lower areas of the watershed, suggesting 
potential problems with fish farms, and 
domestic or industrial wastewaters 

Nicaragua, Esteli 

(FAO 2010; 
Espinoza no date) 

Input-based local 
scheme using in-
kind downstream 
payments in form 
of labour, 
PASOLAC 
supported.  

Patchy hydrological baseline study listing 
average monthly precipitation and rough 
description of catchment area. No 
attempt at differentiating seasonality 
from land use. No plans for monitoring.  

Lack of legal framework has not allowed 
project to begin collection of fees. The use of 
ordenanza municipal has not been enough to 
enforce. To 2010 the only funds that had been 
collected were barely enough to cover the 
cost of collecting them (FAO 2010).  

Nicaragua, San 
Pedro del Norte,  

(Obando 2007) 

Input-based local 
scheme (including 
building dikes and 
water retention 
units), PASOLAC 
supported 

Basic feasibility studies highlighted the 
main hydrological variables (precipitation, 
soils, etc). Some records of water exist in 
the local municipality before the initiative 
took place, but no in-depth hydrological 
study for the area was conducted.   

Reports improvements in water sources after 
implementation of best management plans 
began in 2004, reporting seasonal water 
sources becoming permanent with significant 
increases in total water flows. Some of this 
extra water is used in the farms, but the extra 
water available downstream has helped to 
increase supply of water from 14% to 32% of 
total demand. The impact of the scheme may 
increase if funds are sufficient to include more 
farmers, as at the moment it only pays 5 
farmers out of 43 in the catchment area. 

South Africa, 
Working for 
Water program  

(Le Maitre, 
Versveld, and 
Chapman 2000; 
Swallow et al. 
2009; Swallow et 
al. 2007; Turpie, 
Marais, and 
Blignaut 2008; 
DWAF 2006) 

 

 

Input based 
(number of trees) 
national scheme   

Focuses on the 
removal of alien 
invasive plants 
that consume 
large quantities of 
water. 

Monitoring program based on extensive 
studies on water consumption of non-
native/invasive plant species.  The 
baseline developed for the WfW program 
is reliant upon levels of streamflow 
reduction associated with vegetation type 
and distribution. Additionality has been 
addressed with the use of GIS-linked 
monitoring of invasive species removal 
(10,000 kn2) 

The impacts of this programme on water flow 
have been estimated, through intensive 
modelling, at 48–56 million cubic metres of 
additional water per annum. 

The Philippines, 
Maasin,  

(Salas 2004) 

input-based This is a long-term government-led 
watershed management programme. The 
scheme focuses on social forestry to 
improve watershed management. The 
project involved training and 

A severe reduction in water volume and 
significant siltation were reported following 
reforestation activities with fast growing 
exotic species (mainly mahogany and 
gmelina). There were claims that reduced 
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management for large-scale tree planting.  
Farmers were required to move from 
some parts of the watershed.  

flows were the product of higher water 
outtakes from a local utility, and increased silt 
from relocated farmers tilling. There were no 
studies supporting any side, and “arguments 
ended when the rains began” (Salas, 2004).  

USA, 
Conservation 
Reserve Program 
(CRP)  

National scheme, 
input-based 

(Claassen, 
Cattaneo, 
and 
Johansson 
2008) 

Program has developed and implemented 
a highly effective targeting process.  
Eligibility is dependent on land and soil 
conditions and the resulting contribution 
to ecosystem improvement.  The 
assessment of these conditions is 
dependent on the CRP’s Environmental 
Benefits Index (EBI) which assesses 
various environmental concerns relative 
to the costs of enrolling the lands) in the 
program.  The CRP’s targeting-based 
effectiveness is increased through a 
reverse auction process in which the 
service provider bids against others to 
participate in the program   Gains of 
additionality compare changes in land 
management specific to program against 
changes assumed to occur in the 
program’s absence.  

 

USA, Castskills, 
New York 

Local municipal 
scheme, output 
based 

(Appleton 2002) 

Combines land easements and 
acquisitions with custom-designed 
pollution control measures for each farm 
that maximizes effectiveness and 
minimizes costs that ensures benefits to 
the farmer.  

 

 

Benefits are often not cash but time and ease 
of labour, for example on manure disposal. 
Within five years of programme creation 93% 
of all the farm in the NY City watershed were 
participating, and the programme is hailed as 
the most successful non-point pollution 
control in the USA.  
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