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Abstract. This paper describes the contract mechanism developed for the Regional Integrated Silvopastoral Ecosystem Management Project, which is being implemented by the World Bank with GEF financing. The project is testing the use of the payment-for-service mechanism to encourage the adoption of improved silvopastoral practices in degraded pasture areas in three countries of Central and South America (Colombia, Costa Rica, and Nicaragua). These practices are thought to provide valuable local and global environmental benefits, including biodiversity conservation, but are insufficiently attractive to individual land users for them to adopt them spontaneously, particularly due to their high initial costs. The project has created a mechanism that pays land users for the global environmental services they are generating, so that the additional income stream makes the proposed practices privately profitable. Designing the mechanism required addressing issues such as (1) measuring the actual amount of environmental services being provided, so that appropriate payments can be made; and (2) providing payments in a way that resulted in the desired change in land use; and (3) avoiding the creation of perverse incentives (eg, for land users to cut down existing trees so as to qualify for additional payments for tree planting). Two variants of the proposed payment mechanism are being tested, with participating land users assigned randomly to one or the other. The project also includes extensive monitoring (with control groups in each country) of (1) the effectiveness of each mechanism in stimulating adoption of the proposed measures; (2) the actual extent of environmental services being generated; and (3) the impact of participation on household welfare. These features, together with the three-country approach, will provide in the coming years a very rich dataset for testing the use of contract mechanisms for biodiversity conservation.

Contracting for Biodiversity Conservation in Agricultural Landscapes

Introduction

As natural habitats have come to be increasingly restricted and degraded, increasing attention has been paid to conserving biodiversity in agricultural landscapes. This can be both an end in itself, driven by the realization that agricultural landscapes can have high levels of biodiversity, and a means of complementing conservation in protected areas (Pagiola et al., 1997; Ricketts et al., 2001). Classical approaches to conservation, attempting to preserve pristine habitats within protected areas, are necessary but insufficient in the face of growing pressure on land.

Efforts to enhance biodiversity in agricultural landscape need to consider the incentives faced by individual land users, who decide what practices to use in their land, generally without considering what biodiversity benefits different practices may have. When biodiversity-friendly agricultural practices are the most profitable, there is a happy convergence of private and social interests. This is the case of jungle rubber in Indonesia, for example (Thiollay, 1995; Tomich and others, 1998). But biodiversity-friendly agricultural practices are not necessarily the most profitable from the perspective of individual land users. In some cases, the profitability of biodiversity-friendly practices can be boosted by inducing consumers to pay a premium for their outputs, as in the case of shade-grown coffee (Pagiola and Ruthenberg, 2002). But this approach requires complex certification schemes and is not always feasible. 

A further approach, which has received increasing attention in recent years, is to provide direct payments for the provision of biodiversity services (Pagiola and Platais, forthcoming; Pagiola et al., 2002; Ferraro, 2001; Ferraro and Kiss, 2002; Landell-Mills and Porras, 2002). This approach internalizes what had been an externality, ensuring that it is taken into consideration in decisionmaking. 

This is the approach taken by the Regional Integrated Silvopastoral Ecosystem Management Project (RISEMP), which is being implemented by the World Bank with financing from the Global Environment Facility (GEF). The project is piloting the use of payments for environmental services as a means of generating biodiversity conservation and carbon sequestration services in three watersheds in Colombia, Costa Rica, and Nicaragua. 

This paper examines the contract mechanisms developed for the RISEMP. It begins by describing the specific context in which the project is being implemented, that of degraded pastoral areas in Central and South America. It then describes the potential for silvopastoral practices to address this problem, which would provide both local and global benefits. But the on-site benefits of silvopastoral practices alone are insufficient to justify their adoption by farmers. Paying land users who adopt these practices for the biodiversity and carbon sequestration services they generate can tip the balance towards adoption. The RISEMP is piloting an effort to do so. The factors which led to the design of the contract used in the RISEMP are described next. These include the technical characteristics of the practices being promoted, the specific biodiversity and carbon sequestration being sought, and the economics of silvopastoral practices from the land users’ perspective. As this is a novel approach, the RISEMP includes extensive monitoring efforts.

Livestock and deforestation in Latin America

Cattle production has long been associated with deforestation in Latin America (Barbier and others, 1994; Binswanger, 1991; Browder, 1985; Mahar, 1988; Mertens et al., 2002; Repetto and Gillis, 1988; Schneider, 1994), and as such has been one of the main causes of the loss of natural habitat and biodiversity in the region. In most countries, the prevailing policy framework encouraged deforestation for timber extraction and conversion of forest areas to pastures and crops, which were encouraged by subsidized credit, guaranteed prices, and other incentives. The extent of these policy distortions has been substantially reduced in recent years (Faminov, 1998) but pressure from poor landholders and—in some areas—large scale ranches, continues to result in large-scale deforestation in many areas. In many countries, the legal framework encourages this process, by granting titles to land that is deemed to be ‘improved’ (ie, cleared and used for agriculture).

	Table 1. Changes in pasture land and forest in Colombia, Costa Rica, and Nicaragua

	

	
Colombia
	
	

Costa Rica
	
	

Nicaragua

	
	Area, 1999

(‘000 ha)
	Change

1989-99

(%)
	
	Area, 1999

(‘000 ha)
	Change

1989-99

(%)
	
	Area, 1999

(‘000 ha)
	Change

1989-99

(%)

	Cropland 
	5,460
	
	
	530
	
	
	1,270
	

	Permanent pasture
	40,600
	4.2
	
	2,340
	8.0
	
	5,500
	8.9

	Natural forest area
	54,060
	–6.4
	
	1,428
	-25.7
	
	6,027
	–17.1

	Source: 
	WRI, 2000


In addition to the environmental problems caused by the initial loss of forest, traditional approaches to pasture are often unsustainable. After an initial period of high yields, soil fertility gets depleted and grass cover diminishes, resulting in soil erosion, contamination of water supplies, air pollution, further loss of biodiversity, and degradation of landscapes. Lower income for producers results in continuing poverty and in pressure to clear additional areas.

Silvopastoral practices

Silvopastoral systems, which combine trees with pasture, offer an alternative to prevalent cattle production systems in Latin America. They provide a deeply rooting, perennial vegetation which is persistently growing and has a dense but uneven canopy. These systems can be grouped in three major categories (Murgueitio, 1999):

· Use of fast-growing trees and shrubs for fencing and wind screens. This system, widely used in some countries of tropical America, provides an inexpensive alternative for fencing and supplements livestock diets. 

· Intensive systems for cattle and other livestock, are perhaps the most promising alternatives to extensive grazing. There are two main types of such systems: (a) systems in which high densities of trees and shrubs are planted in pastures, providing diet supplements while protecting the soil from packing and erosion; and (b) cut and carry systems, which replace grazing in open pasturelands with stables in which livestock is fed with the foliage of different trees and shrubs specifically planted in areas formerly used for other agricultural practices. Cut and carry systems have been particularly successful in Central America and in Colombia (Benavides, 1994).

· Livestock grazing in forest plantations, in which grazing is used as a means to control the invasion by different grasses (both native and exotics). Recently, this situation has been managed by introducing cattle, thus reducing the management costs of the plantations (Londoño, 1996).

On-site benefits

Silvopastoral systems can provide a range of on-site benefits. The introduction of trees in pasture areas can improve pasture productivity. Silvopastoral systems tend to increase nutrient re-cycling across a deep portion of the soil profile occupied by the root systems of a wide variety of plants associated of silvopastoral systems. Depending on the species of trees being used and on local climate characteristics, trees extract water and nutrients from soil horizons inaccessible to grasses, and deposit the nutrients on the ground with the natural fall of foliage, twigs, and fruits. The biomass and amount of nutrients released by pruning the trees of the agroforestry systems varies depending on the kind of management in use. As much as 18 tons of dry matter/ha/year can be deposited on the ground and the amount of nitrogen flowing through the system can reach values of up to 380 kg/ha/year (Alpizar et al.,1983). In addition, the trees can provide direct benefits in the form of products such as fruit, fuelwood, fodder, and timber. From the farmers' perspective, the benefits of silvopastoral systems derive from (a) additional production from the tree component; (b) maintaining and/or improving pasture productivity; (c) diversification of production; and (d) contribution to the overall farming system (for example, by providing fodder or income at a time when other sources do not) (Current et al., 1995). The shade provided by trees may also enhance livestock productivity, especially milk production.

Biodiversity benefits

The increased complexity of silvopastoral systems relative to traditional pastures mean they often bring important biodiversity benefits. These take two main forms. First, they tend to support much higher species diversity than traditional pastures. Second, they help connect protected areas.

Silvopastoral systems have been shown to play a major role in the survival of wildlife species by providing scarce resources and refuge; to have a higher propagation rate of native forest plants under these scattered trees; to provide shade for grazing animals, and shelter for wild birds (Harvey and Haber, 1999). Food availability for wild birds is high in silvopastoral systems, and the complex structure of the vegetation provides more adequate nesting substrate and better protection against predators than other agroecosystems. Silvopastures and other agroforestry systems also harbor a larger and more complex assemblage of invertebrates than monoculture pastures (Dennis et al., 1996). By providing alternative sources of fuelwood and other wood products, silvopastoral systems can also help reduce pressure on remaining natural habitats {reference?}.

In agricultural landscapes characterized by the fragmentation of the natural habitats, silvopastoral systems can serve as a biological corridors, helping to connect remaining habitats. At the regional level, silvopastoral systems may play an important role in the implementation of the Mesoamerican Biological Corridor, given the vast coverage of pasturelands in Central America. It is expected that these corridors would provide adequate habitat for wildlife while facilitating seed dispersal and the regeneration of the native vegetation (Saunders and Hobbs, 1991).

Other benefits

Silvopastoral systems are capable of fixing significant amounts of carbon in the soil under the improved pastures and in the standing tree biomass (Fisher et al., 1994), identified a substantial sink of carbon in pastures based on deep-rooted grasses which have been introduced in the South American savannahs. Research in Colombia (Ramirez, 1997), Panama, and Costa Rica (CATIE, 2000) has shown that soils under silvopastoral systems have higher carbon content. Additional carbon is sequestered by the trees found in such systems.

Silvopastoral systems are also likely to affect water services, though the specific impact is likely to be site specific. Infiltration generally increases with the presence of trees, reducing superficial runoff with its attendant soil erosion. Improved livestock management can help reduce compaction, thus further reducing surface runoff. Evapotranspiration is also greater, however, thus decreasing water yield (Bosch and Hewlett, 1982; Bruijnzeel, 1990). 

In hilly areas, trees have an additional protective role in the ecosystem, that of preventing landslides (Bruijnzeel, 1990). Not only is the presence of trees essential for soil protection on slopes, but also the variety of species is important. Trees of different root depths are required for effective soil anchorage, in particular in those events of torrential rains accompanying tropical storms, which seem to become more frequent in recent years in many parts of the world. 

Barriers to adoption

Despite their many benefits, silvopastoral systems have only been adopted to a limited extent. {need some numbers} An important constraint to the adoption of silvopastoral systems is their limited profitability from the perspective of individual land users. The high initial cost of establishing silvopastures, including the costs of converting degraded pastures, and the time lags before the systems become productive, result in low rates of return to the adoption of silvopastoral systems—between 4 and 14 percent, depending on the country and type of farm, according to estimates prepared for the RISEMP. This, of course, only considers the on-site benefits of silvopastoral practices. This problem is compounded by a lack of awareness by farmers of some of the on-site benefits offered by silvopastoral systems, such as reduced dependency on chemical fertilizers and pesticides, savings in water for irrigation, soil protection and enhanced fertility, and the potential for additional incomes from harvesting fruit, fuelwood, and timber. Limited knowledge of these on-site benefits further reduces the perceived benefits to land users. Some policies, such as subsidies on agrichemicals also tend to favor traditional grass based monoculture. {Is tenure insecurity a constraint? ie a reluctance to invest in longer-term benefits due to insecure tenure? – in the pilot areas? More generally?} {CdH: Tenure is definitely not a constraint in Costa Rica and Colombia, where all farmers have formal ownership of the land. In Nicaragua, most ranchers occupy public land, but occupancy has already been for a long time, and is enough ensured, so that it is not a disincentive for investment. SP: Is this only for the project areas, or more generally in the project countries and in the region?}
Payment for environmental services

From the land users’ perspective, the biodiversity conservation and carbon sequestration benefits are externalities. As such, they do not take them into consideration in making their land use decisions, thus reducing the likelihood that they will adopt practices that generate such benefits, including silvopastoral systems. Recognition of this problem and of the failure of past approaches to dealing with it has led to efforts to develop systems in which land users are paid for the environmental services they generate, thus aligning their incentives with those of society as a whole. 

There has been considerable experimentation with payments for environmental services and other market-based approaches in recent years (Pagiola and Platais, forthcoming; Pagiola et al., 2002; Landell-Mills and Porras, 2002). Latin America has been a particularly fertile ground for such experimentation (Pagiola and Platais, 2001). Costa Rica has developed an elaborate, nation-wide system of payments for environmental services, (Pago por Servicios Ambientales, PSA) (FONAFIFO, 2000; Pagiola, 2002). Under the 1997 Forestry Law, land users can receive payments for specified land uses, including new plantations, sustainable logging, and conservation of natural forests. The PSA program is now being supported by a World Bank loan and GEF grant under the Ecomarkets project (World Bank, 2000). The town of Heredia has established a trial ‘environmentally adjusted water tariff’, the proceeds of which are used to pay landholders to maintain and reforest watershed areas (Castro, 2001). In a separate initiative, hydropower producer La Manguera SA is paying the Monteverde Conservation League to maintain under forest cover the watershed from which its plant draws its water (Rojas and Aylward, 2002). In Colombia, irrigation water user groups and municipalities in the Cauca valley are paying to conserve the watersheds that supply them with water (Echevarría, 2002). In southern Mexico, the Scolel Té project is paying farmers to provide carbon sequestration services (Tipper, 2002).

The RISEMP, which began implementation in July 2002, is seeking to pilot the use of the payment for environmental services approach to encourage the adoption of silvopastoral practices in degraded pastures areas in Central and South America. The project is being implemented in three microwatersheds: Quindío, in Colombia; Esparza, in Costa Rica; and Matiguás-Río Blanco, in Nicaragua {map?}. Participating land users enter into contracts under which they receive a payment for the environmental services that they generate. They receive annual payments over a two- or four-year period, based on the increment in environmental services provided relative to the baseline situation for that particular farm. Through this mechanism, the project aims to establish silvopastoral systems on 3,500 ha, thus enhancing the environmental benefits generated in watersheds covering about 12,000 ha {country-specific numbers?}. 

All three project areas have been selected in part because of their location in ecologically-sensitive areas. In Colombia, the Quindío project site is in one of the most severely degraded regions of the country, with few, mostly unconnected remnants of natural habitats. Restoring a degree of habitat heterogeneity and connectivity would increase the chances of survival of species requiring large home ranges in an area considered as a priority for bird conservation in Colombia. The Esparza area in Costa Rica is in the vicinity of conservation areas such as La Fortuna, the Monteverde Reserve complex, and the Alberto Brenes Biological Reserve. More biodiversity-friendly land use practices would help the chances of survival of several species occurring in these protected areas. The Quindío watershed in Nicaragua is part of the buffer zone of the Cerro Musún Natural Reserve, and is very close to one of the priority areas for bird conservation in the country. 

The project was prepared with support of the multi-donor Livestock, Environment and Development Initiative (LEAD), implemented by the Food and Agriculture Organisation (FAO). It is financed by a US$$4,5 million GEF grant and implemented by the World Bank. In each country, field activities are being undertaken by local non-governmental organizations (NGOs): CIPAV in Colombia, CATIE in Costa Rica, and Nitlapán in Nicaragua.

From theory to practice: What is being paid for?

Contracting for land users to provide biodiversity benefits is all very well in theory, but in practice it is clearly unrealistic to ask them to deliver biodiversity. A way is needed to communicate what is desired to potential participants in ways that they can understand. The typical solution has been to offer to pay not for biodiversity itself, but for land uses that embody biodiversity (Pagiola and others, 2002). 

But land use alone can be a relatively blunt instrument. In Costa Rica’s PSA program, for example, most contracts call for conservation of existing forest, and pay all participants the same amount (FONAFIFO, 2000; Pagiola, 2002). While this approach has the virtue of simplicity, it fails to recognize the very different levels of services that different land uses can provide. The biodiversity-friendliness of agricultural practices is not a binary, yes/no proposition. On the contrary, there is a spectrum of effects, ranging from relatively inhospitable systems such as monocrops with heavy agrichemical use to relatively hospitable systems such as organic coffee grown under a diverse shade canopy of native species. Location also matters: biodiversity-friendly practices in proximity to protected areas, for example, might be more valuable by helping to buffer and protect them. Failing to take these differences into account risks either under-paying for desirable land uses, or over-paying for relatively less desirable ones (Pagiola and Platais, forthcoming). 

The solution adopted in the RISEMP was to prepare a list of land uses and associate each with a point system upon which payments would be based. This approach is similar to that of the Environmental Benefits Index (EBI) used in US Conservation Reserve Program (CRP) (NCEE, 2001). Separate indices were developed for the biodiversity conservation and carbon sequestration benefits of each land use. These two indices were then aggregated to form an environmental service index to be employed as the basis for calculating payments to participants. A similar index for water benefits was not included, partly because of the lack of data needed top develop it, and partly because improved water flows would be national benefits, and thus are not eligible for GEF funding. The biodiversity conservation and carbon sequestration indices are presented in {Table 2} below. 

The biodiversity conservation index was scaled with the most biodiversity-poor land use (annual crops) set at 0.0 and the most biodiversity-rich land use (primary forest) set at 1.0. Within this spectrum, the points given to each specific land use were set by a panel of experts, taking into consideration factors such as the number of species (of plants, birds, small mammals, and insects), their spatial arrangement, stratification, plot size, and fruit production. Higher scores were given to land uses that have greater potential to maintain the original biodiversity of the region. 

This approach can take into consideration the different impact that different land uses are likely to have on biodiversity. There are, of course, limitations. The biodiversity impact depends not only on the characteristics of the land use, but also on its location, its extent, and its relationship to other land uses. At the pilot scale of the RISEMP, issues of location are not significant, as all three pilot areas were specifically chosen for their proximity to protected areas or to corridors between them. If this approach were to be scaled up and applied on a broader scale, location effects could be incorporated either by varying the points for activities in different locations or by varying the payment per incremental point. Issues of scale and contiguity are harder to address. Some biodiversity benefits may be obtained only after appropriate land uses cover a minimum area, or if the areas covered are contiguous rather than scattered. To an extent, these effects might be addressed by adding bonus points if the area covered by a given land use passes a threshold. Such an approach could quickly result in an excessively complex point system, however. 

A similar procedure was used to establish the carbon sequestration index, with different land uses given points according to their capacity to sequester stable carbon in the soil and in hard wood through the years. Recent studies indicate that secondary forest can fix an average of 10 tonnes of carbon per year in wood and in the soil. As secondary forest has a value of 1.0 in the index, 0.1 points correspond to an estimated sequestration of 1 tonne of carbon. Data from studies conducted by CATIE were used to calibrate the carbon sequestration index.

As data were insufficient to derive country-specific indices, the same index is being used in all three countries. Data from the monitoring efforts will be used to improve the indices, and it is expected that these will differ slightly from country to country. 

	Table 2. Environmental service indices used in the RISEMP

(Points per hectare, unless otherwise specified)

	Land use
	Biodiversity index
	Carbon sequestration index
	Environmental service

index

	Crops (annual, grains, and tubers)
	0.0
	0.0
	0.0

	Natural pasture
	
	
	

	· without trees
	0.0
	0.0
	0.0

	· with low tree density (< 30 trees/ha)
	0.3a
	0.3
	0.6

	· with high tree density (> 30 trees/ha)
	0.3a
	0.6
	0.9

	Improved pasture
	
	
	

	· without trees
	0.0
	0.5
	0.5

	· with low tree density (< 30 trees/ha)
	0.3
	0.7
	1.0

	· with high tree density (> 30 trees/ha)
	0.6a
	1.0
	1.6

	Perennial crops (plantain, coffee without shade)
	0.2
	0.4
	0.6

	Fruit crops
	
	
	

	· monocrop
	0.3b
	0.4
	0.7

	· diverse
	0.4
	0.4
	0.8

	Shaded coffee
	0.6c
	0.8
	1.4

	Fodder bank
	
	
	

	· monocrop
	0.4
	0.6
	1.0

	· diverse
	0.6
	0.7
	1.3

	Living fences 
	(per km)
	0.4d
	0.5
	0.9

	Wind breaks
	(per km)
	0.4a,e
	0.5
	0.9

	Commercial tree plantation
	0.4f,g
	0.7
	1.1

	Bamboo (guadua) forest
	0.5h
	0.8
	1.3

	Scrub habitats (tacotales)
	0.5i
	0.8
	1.3

	Riparian forest
	0.8
	0.5
	1.3

	Secondary forest (> 10 m2 basal area)
	0.9
	1.0
	1.9

	Primary forest
	1.0
	1.0
	2.0

	
	
	
	

	Wire fences with trees 
	(per km)
	0.4a
	0.6
	1.0

	Notes: 
	a. +0.1 for multiple species (>5)
	b. –0.2 if citrus
	c. +0.1 for multiple shade species

	
	d. +0.1 for multi strata
	e. +0.1 for connectivity
	f. +0.2 with understory

	
	g. +0.3 with species enrichment
	h. +0.1 if riparian
	i. +0.1 with species enrichment


Should downstream water users be willing to pay for hydrological services, the approach could also be extended by adding a index denoting the contribution of each land use type to the desired water services, though developing such an index would certainly prove difficult. 

Note that under RISEMP, biodiversity and carbon sequestration benefits are given equal weight in calculating payments. The two indices could easily be de-coupled, however, with separate payment levels for each kind of environmental service. Alternatively, different weighting schemes could be used to give proportionally more weight to one or the other, depending on the interest of those making the payments.

This index approach was tested with potential participants, and proven quite intelligible to them. The real test, of course, will come during implementation.

From theory to practice: How should payments be made?

The second challenge in developing an appropriate contract is the need to understand the economics of farming system, so that the appropriate amount and form of payment can be determined. A payment for environmental services will have the desired effect only if they reach the land users in ways that influence their decisions on how to use the land.

Analysis of the time path of benefits generated by silvopastoral systems showed that they are unattractive to land users primarily because of their substantial initial investment, and because of the time lag between investment and returns, as shown in {Figure 1}. This results in the conclusion that a relatively small payment provided in the early period of adoption would be sufficient to ‘tip the balance’ between current and silvopastoral systems. This effect works by increasing the net present value of investments in silvopastoral practices, but also by reducing the initial period in which adoption of these systems imposes net costs on land users. By the time payments end, the silvopastoral practices themselves are ready to begin generating income for land users. 

Based on this analysis, it was decided to provide a relatively small, up-front payment to participating land users. This payment is of US$50 per incremental point, per hectare and per year over a four-year period, up to a maximum of US$4,500 per farm (US$6,000 in Colombia, where input prices are higher). Both aspects of these aspects deserve further discussion. 

In principle, the amount should be no less than the land users’ opportunity cost (or they will not participate), and no more than the value of the benefit provided (or it would not be worthwhile to provide the service). In practice, the actual value of the benefit provided is extremely difficult to estimate, while the farmers’ opportunity cost can usually be estimated relatively easily. For this reason, as well as to limit the budgetary requirements of the payment, payment levels are usually set at slightly more than the opportunity cost of the main alternative land uses. All the existing systems of payments for environmental services implicitly use this approach. Costa Rica’s PSA program, for example, currently pays US$42/ha/year for forest conservation. This payment has proven to be quite attractive, with far more applications for this contract than the program has been able to finance. (In contrast, a payment of US$538/ha over 5 years for reforestation has proven to be less popular, as many landowners consider the payment offered insufficient to justify the investment.)

In general, emerging guidelines for payments for environmental services indicate that payments should be on-going rather than finite (Pagiola and Platais, forthcoming). In Costa Rica’s PSA program, for example, payments for forest conservation contracts are for 5 years, but they are renewable indefinitely by mutual agreement. The logic for this is simple: if environmental services are to be generated over a long period of time (presumably, indefinitely), then payments for these services should also be made over a similarly long period. Ending payments sooner creates the risk that land users will revert to their previous land use practices. This is a risk that has been observed time and time again in projects that attempted to change land use practices, such as soil conservation or reforestation projects. This risk was thought to be relatively low in this instance, as the silvopastoral practices, once established, are privately more profitable ({ref to figure}). Nevertheless, in an effort to determine the long-term sustainability of the mechanism, a sub-group of participants is being given a slightly modified contract, in which the payments are frontloaded: rather than receiving them over a four-year period, farmers with this alternative contract will receive a similar amount over a two-year period. Farmers will be assigned randomly to one or the other contract.

Table 3 illustrates the application of this contract to a hypothetical 20 ha farm. In the baseline year, the farm has 2.5 ha under annual crops and 17.5 ha under natural pasture with low tree density. Motivated by the project, it converts 3 ha of its pasture to higher tree densities in the first year, and an additional 2 ha in the second year. It also plants a 0.5 ha fodder bank, and allows 2 ha of pasture to revert to scrub. Finally, it plants trees along 1.5 km of its fencelines. Using the environmental service index in Table 2, the resulting scores can be calculated for the baseline and for each subsequent year. These scores are then used to compute the payments due to the farmer, including the initial payment for existing services (see below) and the main payment for incremental services provided under the project.

	Table 3. Example of payment computation

	
	Years from contract signing

	
	0
	1
	2
	3
	4

	Land use
	
	
	
	
	

	Crops (annual, grains, tubers)
	(ha)
	2.5
	2.5
	2.5
	2.5
	2.5

	Natural pasture with low tree density 
	(ha)
	17.5
	12.0
	10.0
	10.0
	10.0

	Natural pasture with high tree density
	(ha)
	0.0
	3.0
	5.0
	5.0
	5.0

	Fodder bank
	(ha)
	0.0
	0.5
	0.5
	0.5
	0.5

	Scrub habitat
	(ha)
	0.0
	2.0
	2.0
	2.0
	2.0

	Total area
	(ha)
	20.0
	20.0
	20.0
	20.0
	20.0

	Wire fences with trees
	(km)
	0.0
	1.5
	1.5
	1.5
	1.5

	Environmental service score
	
	
	
	
	

	Crops (annual, grains, tubers)
	
0.0
	
0.0
	
0.0
	
0.0
	
0.0

	Natural pasture with low tree density
	10.5
	7.2
	6.0
	6.0
	6.0

	Natural pasture with high tree density
	0.0
	2.7
	4.5
	4.5
	4.5

	Fodder bank (monocrop)
	0.0
	0.5
	0.5
	0.5
	0.5

	Scrub habitat
	0.0
	2.6
	2.6
	2.6
	2.6

	Wire fences with trees
	0.0
	1.5
	1.5
	1.5
	1.5

	Total points for the farm
	10.5
	14.5
	15.1
	15.1
	15.1

	Baseline points
	10.5
	
	
	
	

	Incremental points
	
	4.0
	4.6
	4.6
	4.6

	Income from environmental services (US$)
	105
	200
	230
	230
	230


Avoiding perverse incentives

The initial plan involved paying land users only for incremental improvements in land use practices. The extent to which land users had already adopted practices that conserved biodiversity or sequestered carbon prior to the project was to have been reflected in their baseline environmental service index, and only increments to this index were to be compensated. It soon became clear that this approach entailed a substantial risk of creating perverse incentives. “Bueno, corto todo,” was a common reaction by land users when told they would not be compensated for pre-existing trees: “fine, I’ll cut them all.” It might have been possible to avoid this risk among project participants by imposing contractual restrictions on such actions, though this would certainly have required an increased monitoring effort, and thus increased costs. But there was also a broader risk that non-participants in surrounding areas would postpone adopting silvopastoral practices that they might have been tempted to adopt, so that they might wait for a project to come and compensate them for doing so. 

As a result, the initial plan was modified to allow for a payment to be made for pre-existing environmental services. A one-time payment of US$10/point will be made for the baseline points, up to a maximum of US$500 per farm.

As part of the effort to avoid perverse incentives, the contract also specifies that burning in pastures is banned (except in areas devoted to food security, where burning is allowed in the first two years), and that the contract will be terminated if the participants cut down primary or secondary forest in their farms.

Monitoring results

Monitoring is always important, as it allows the effectiveness of the project to be determined. It can also allow mid-course corrections to be made if they should prove necessary. The need for monitoring is particularly high in pilot projects, which are intended to serve as guides for future projects.

{transaction cost issues}

Monitoring changes in land use

For the purpose of monitoring compliance with the contract and computing payments owed, observation of participants would be sufficient. However, the RISEMP has the broader objective of piloting the application of PES systems to silvopastoral practices. This requires not only monitoring the behavior of participants, but determining that the project has been instrumental in affecting this behavior. Monitoring the degree to which the project is encouraging participants to undertake the desired changes in land use entails monitoring the changes in land use of the participants themselves, and of a control group (so that the impact of the project itself can be distinguished from other trends that might affect land use).

To address these issues, monitoring will be undertaken on three groups. In addition to the target group of participants (80 households in Colombia, 100 in Costa Rica, and 100 in Nicaragua), a control group of 30 households will be monitored in each country. This control group will be selected so as to have similar characteristics as the households in the target group, but will not receive any payments for environmental services. The target group itself will be partitioned into two groups, so that the impact of technical assistance provided by the project can also be tested. The main part of the group will receive both the payments and technical assistance, while a subgroup of 30 households will only receive the payments for environmental services (to the extent that they adopt the recommended practices), without the technical assistance. Each household in each of these groups will be monitored every other year. Their land use will be monitored, and a socio-economic survey will be conducted.

Monitoring the impact of land use change on environmental services

To verify that the silvopastoral systems promoted under the project actually generate the expected environmental benefits, biodiversity and carbon sequestration will be monitored in all land use types in the three pilot areas. Counts of bird species will be the main indicator of biodiversity used, but also taking into consideration factors such as endemicity and rarity in the species observed. Water quality will be monitored only in the Colombian site, as funds did not permit a more general assessment of the contribution of these systems to improved water quality.

Note that the actual payments made during the project are based on an ex ante estimate of how each land use contributes to the provision of global enviromental services, as expressed in the environmental service index. The monitoring of the actual improvements in the provision of global environmental services will be used to refine the point scale and determine possible payments under any future project, but will not affect payments under the current project. 

Monitoring the impact of the project on participating households

In addition to the project’s impact on the global environment, it is also important to understand its impact on household welfare: does welfare increase, and if so how much and in what way, and are there differences in how welfare increases across income groups? Payments for environmental services have been hypothesized as having the potential for significantly improving the welfare of the poor in target areas (Pagiola and others, 2003), but there has been little empirical work on this topic to date. Data collected through the socioeconomic survey will help to address these questions. It will allow low-income households to be identified, and will provide a variety of measures of household welfare, including income-related measures (total income and income variability) and other indicators (such as health status). 
Conclusion

It will be some time before the effectiveness of the mechanisms discussed in this paper can be determined. The intensive monitoring being undertaken will allow a very detailed analysis of this effectiveness, including consideration of numerous exogenous factors that might affect it. This project will thus allow both an overall conclusion on the effectiveness of the approach and provide data for its refinement. 
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Figure 1. Typical time profile of benefits of silvopastoral systems








Figure showing time profile of costs and benefits of typical silvopastoral system, compared to typical traditional pasture system, and how payment for env services modifies the profile





Need detailed data on costs/benefits of SPS from Gobbi to draw this figure








* 	The authors are Senior Environmental Economist in the Environment Department, Senior Economist in the Rural Development Family, Latin America and Caribbean, and Consultant at the World Bank, and {title} at CATIE, respectively. The opinions expressed in this paper are the authors’ own and do not necessarily reflect those of the World Bank or CATIE. We would like to thank Benjamin Kiersch for helpful comments and suggestions.





