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Abstract: 

Reducing deforestation could potentially be a cheap and efficient way of reducing carbon emissions. 

Bolivia, due to its large forest endowment and high levels of deforestation, has qualified as a prime 

candidate for this kind of policy. Deforestation reduction policies, however, are likely to have important 

economic-environmental trade-offs and there is currently a gap of quantitative analysis to guide the 

discussion and design of mechanisms for reducing deforestation in Bolivia. In this paper, we build on the 

OSIRIS-Bolivia model to create the CISS-Bolivia model, an excel-based tool for modeling the effects of 

incentives for Reducing Emissions from Deforestation and Forest Degradation (REDD) in Bolivia. 

Similarly to OSIRIS-Bolivia, the CISS is based on a spatial econometric model of deforestation in Bolivia 

during the period 2001-2005, and uses information on forest cover, deforestation rates, geographical 

conditions, and drivers of deforestation, including agricultural opportunity costs, for more than 120,000 

pixels covering the whole country. The CISS-Bolivia tool incorporates non-market based conservation 

incentives directed to those areas that score highest on a ranking based on: biodiversity, poverty, carbon 

stocks, threat to forests and land titles. Thus, the model provides an alternative incentive scheme to the 

REDD+ mechanism, allowing us to compare the two and shed light on the efficiency/equity policy trade-

off that arises when designing mechanisms to reduce deforestation.  
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1. Introduction 

With about 57 million hectares of forest
1
, Bolivia is the 7

th
 country in the world in terms of tropical 

rainforest extension, and among one of the dozen countries with highest terrestrial biodiversity
2
. 

However, deforestation rates have increased rapidly during the last three decades and more than 300,000 

hectares of forest are lost annually
3
, mostly due to the expansion of the agricultural frontier

4
. In addition, 

logging
5
 and uncontrolled fires are degrading large parts of the remaining forest. More than 80% of the 

deforestation and logging taking place is illegal
6
, thus contributing little tax revenue to the government

7
, 

and causing much harm to the local and global environment
8
, as well as to the indigenous forest peoples

9
.  

Given the volume of greenhouse gas emissions resulting from these deforestation rates
10

, Bolivia has been 

selected by both UN-REDD and the Forest Carbon Partnership Facility (FCPF) to receive funds for 

preparing the country for an international mechanism of incentives to reduce emissions from deforestation 

and forest degradation (REDD). Likewise, the country has received substantial funds (or promises of 

funds) from bilateral sources in support of the process of preparation (most notably the Governments of 

Germany, Denmark and the Netherlands). 

Bolivia is in many ways a pioneer on initiatives to reduce deforestation. The first debt-for-nature swap in 

the World took place in Bolivia (in 1987) and Bolivia hosted the first voluntary carbon project to achieve 

verified emissions reductions from reduced deforestation (in 2005 for the Noel Kempff Climate Action 

Project). In addition, about 15 million hectares of forest have been declared National Parks (or some other 

kind of protected area), and about 20 million hectares have been communally titled to various indigenous 

forest peoples
11

. The country has participated actively in the international REDD negotiations since the 

very beginning in 2005, and it was one of the first countries to have its Readiness Plan Idea Note (R-PIN) 

approved by FCPF (Paris, July 2008). Its UN-REDD document was approved in Nairobi, March 2010. 

                                                      
1
 FAO (2010). 

2
 Ibisch & Mérida (2003). 

3
 Killeen et al. (2007) and FAO (2010). 

4
 Killeen et al. (2008). 

5
 Pacheco (2010). 

6
 Information from the Bolivian Autoridad de Fiscalización y Control Social de Bosques y Tierras (ABT). 

7
 Jemio (2011). 

8
 Deforestation causes global damages mainly through CO2 emissions, and local damages mainly through the loss of 

habitat for biodiversity and the increase in wildfires (Andersen 2002; Andersen 2009) 
9
 The threat to indigenous forest peoples is mainly due to encroachment by settlers, who use deforestation to claim 

land titles (Roper 2003)  
10

 According to Ruesch & Gibbs (2008), the average carbon contents for Bolivian forests is 150 tC/ha, which is 

equivalent to 550 tCO2/ha. The average subsequent land use contains about 10 tCO2/ha, so annual emissions from 

deforestation amounts to about (550-10)*300,000 = 162 million tCO2/year.  
11

 Bolivia (2009). There is a 2 million hectare overlap between Indigenous Territories and Protected Areas. 
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If Bolivia could successfully reduce emissions from deforestation by just one quarter compared to actual 

levels, the compensation it could receive from participating in a REDD mechanism would be substantial. 

For example, assuming a conservative carbon value of $10/tCO2, the annual compensation for a 25% 

reduction in emissions would amount to more than $400 million, surpassing the GDP of the entire sector 

of industrial agriculture.
12

   

However, the REDD mechanism was forcefully rejected at the World People’s Conference on Climate 

Change and the Rights of Mother Earth in Cochabamba in April 2010. The resulting People’s Agreement 

states:  

“We condemn market mechanisms such as REDD (Reducing Emissions from Deforestation 

and Forest Degradation) and its versions + and + +, which are violating the sovereignty 

of peoples and their right to prior free and informed consent as well as the sovereignty of 

national States, the customs of Peoples, and the Rights of Nature.” 

The Government of Bolivia is taking this outcome very seriously, which implies that the REDD 

preparation process in Bolivia has grinded almost to a halt. For example, in a recent submission from the 

Plurinational State of Bolivia to the UNFCCC, it says in point 8(e): “in all actions related to forest, the 

integrity and multifunctionality of the ecological systems shall be preserved and no offsetting or market 

mechanisms shall be applied or developed.”
13

 

Bolivia has therefore embarked on a process of developing an alternative mechanism for reducing 

deforestation, which avoid involvement in an international carbon emissions trading market and which 

push for a more integral and local approach to incentive design. Only by thoroughly understanding the 

potential benefits and costs of alternative mechanisms will it be possible to make an informed decision 

and carefully tailor the incentives in a participatory manner so as to maximize the positive effects and 

minimize the negative side effects. 

The OSIRIS-Bolivia tool
14

 and the CISS-Bolivia tool
15

 have been developed to contribute to the analysis 

and discussion of the design of incentives for reducing deforestation in Bolivia. The first tool allows the 

simulation of the environmental and socio-economic results of classic REDD payments in various 

configurations by using national, sub-national, or local reference levels. The second tool, CISS-Bolivia, 

                                                      
12

 According to the National Statistical Institute (www.ine.gob.bo), the GDP of Industrial Agriculture in 2010 

amounted to US$ 357 million.  
13

 FCCC/AWGLCA/2011/CRP.23, dated 4 October 2011. 
14

 Open-Source Impacts of REDD Incentives Spreadsheet for Bolivia v. 2.1 (Andersen, Busch, Curran, Ledezma & 

Mayorga, 2012a).  
15

 Conservation Incentives Spread Sheet for Bolivia, v. 2.1 (Andersen, Busch, Curran, Ledezma & Mayorga, 2012b). 

http://www.ine.gob.bo/
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allows a simulation of the outcomes of conservation incentives: long-term conservation agreements that 

don’t take deforestation in previous years into consideration. The tool models individual participation 

decisions and ranks all pixels according to up to five criteria in order to decide which ones will be 

participating in the mechanism. 

The purpose of the present paper is to compare the results of different incentive mechanisms in order to 

quantify the likely multidimensional outcomes of different incentive designs and demonstrate the trade-

offs that policy makers face when designing mechanisms to reduce deforestation and rural poverty in 

Bolivia.  

The remainder of the paper is organized as follows: Section 2 explains the OSIRIS framework for 

modeling the environmental and socio-economic impacts of incentives to reduce deforestation. Section 3 

explains the main differences between REDD Payments and Conservation Incentives and how these are 

implemented in OSIRIS-Bolivia and CISS-Bolivia, respectively. Section 4 presents simulation results for 

the CISS-Bolivia model and the interactions between different relevant variables. Section 5 compares the 

multidimensional outcomes of the different types of incentive mechanisms and discusses the main trade-

offs faced by policy-makers. Finally, Section 6 provides conclusions, policy recommendations, and 

directions for further research. 

 

2. The OSIRIS framework for modeling the outcomes of REDD incentives 

OSIRIS-Bolivia has been adapted from OSIRIS-Indonesia (Busch et al. 2012), which in turn has been 

adapted from the OSIRIS-International model (Busch et al. 2009). OSIRIS-Bolivia v 2.0 has been 

described in detail, with all data sources, in Andersen et al. (2012c). This section describes the logic of the 

OSIRIS framework for modeling the socio-economic and environmental impacts of REDD incentives, 

while the next section presents an extension of the model, CISS-Bolivia, designed to analyze the effects 

of alternative deforestation reduction incentives. 

The OSIRIS models have been constructed using Microsoft Excel in order to make the tool available to as 

many people as possible. In the case of Bolivia, the entire country has been divided into more than 

120,000 pixels, all of which contain socio-economic and environmental data. The logical relationships 

that link pixels allow us to simulate and analyze the different socioeconomic and environmental 

consequences of certain deforestation reduction policy incentive designs. 
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OSIRIS-Bolivia is built around a country-specific deforestation model (eq. 1), which predicts the 

probability of deforestation at each site, i, in the absence of REDD incentives, based on observable site 

characteristics: 

                                                                     (1)          

Here       
    

     
  is percent deforestation at site i, where   

  is forest cover at site i at the start of 

the 2001-2005 observation period, and   
  is forest cover at site i at the end of the observation period. Xi is 

a matrix of observable geographic site characteristics related to initial forest cover, access, topography, 

and other geographic factors explained in detail in Andersen (2012c).    is the net present value of 

potential net agricultural revenue per hectare at site i (adapted from Naidoo & Iwamura 2007). However, 

unlike OSIRIS-Indonesia, we use net instead of gross agricultural revenue (net revenues are assumed to 

be 33% of gross revenues, as suggested by Leguia, Malky & Ledezma (2011)) and we take the natural 

logarithm due to the decreasing marginal utility of income. The net present value is calculated with a 10% 

discount rate under the assumption of 5 consecutive years of cultivation and then 15 years of fallow with 

no agricultural revenues. This corresponds to the average length of cultivation observed across all crops in 

the department of Santa Cruz, Bolivia according to Andersen (2006). Finally, the error term    captures 

unobserved components of the expected net benefits of deforesting site i. 

According to this equation and following Busch et al. (2012), we estimate the deforestation equation 

using a Poisson quasi-maximum likelihood estimator (Wooldridge, 2002), using the statistical software 

Stata.  

A necessary condition for deforestation to potentially take place is that there was at least some forest 

present in the pixel at the beginning of the period. Therefore, all the pixels with no forest cover at all in 

2001 were excluded from the regression analysis. This leaves 92,715 pixels with positive forest cover in 

2011, which were used to estimate the deforestation model (see Table 1). With over 90,000 observations 

and only 23 potential explanatory variables, there was no risk of over-fitting, so we initially included all 

potential explanatory variables, but subsequently excluded those that were not found to be statistically 

significant at the 5% level. All the information relevant to the data and variables can be consulted in 

Andersen et al. (2012c).  
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Table 1: Poisson Deforestation Model for Bolivia, 2001-2005. 

Dependent variable Number of 

observations 

 

Pseudo R
2
 

Forest loss between 2001 and 2005 92,715 0.3241 

 

Explanatory variables 

 

Coefficient 

 

Z-value 

Initial forest cover in 2001 -1.2618 -34.42 

Distance to road -0.0143 -16.38 

Distance to river -0.0114 -11.60 

Distance to urban center with more than 

10.000 inhabitants 

-0.0113 -27.44 

Average slope of pixel -0.0535 -21.10 

Average altitude 0.0003 6.50 

Carbon contents in vegetation -0.0017 -7.61 

Carbon contents in soil -0.0043 -5.56 

Net Primary Productivity 0.0265 21.71 

Fire density 0.1991 30.53 

Population density 0.0001 2.64 

Distance to already deforested pixel -0.2581 -10.99 

Individual land title 0.1867 6.59 

Communal land title -0.6079 -13.08 

Public land -0.6644 -12.51 

Human Development Index -0.2447 -4.43 

Vegetation dummy: Puna -15.8405 -34.69 

Vegetation dummy: Cerrado -0.2522 -7.38 

Natural logarithm of net present value of 

net agricultural value 

0.0745 5.01 

Constant -1.2165 -10.40 

 

This regression model indicates that deforestation rates were higher in pixels with lower initial forest 

cover. This makes sense, as fragmented forest is easier to deforest than intact, dense forest. Also, as 

expected, deforestation rates were higher on flat areas close to roads, rivers and urban centers and close to 

already deforested pixels. Areas with individual, private land titles were more likely to be deforested than 

areas with communal land titles (Indigenous Territories (TCOs) or public land (which includes protected 

areas). Deforestation rates were also higher in areas with higher population density, with higher net 

primary productivity and with higher fire density.  

Importantly, deforestation rates were higher in areas with higher agricultural value. This is important for 

OSIRIS, as the impact of REDD incentives is simulated through this particular variable. At each site, 

OSIRIS compares the potential benefits from engaging in agricultural activities against the potential 

benefits from maintaining the forest. In the absence of incentives to protect the forest, agriculture will 

almost always win in this comparison, but monetary incentives could potentially tip the balance, at least 

in some places.  



7 

 

The explanatory power of the regression model is R
2
 = 0.32, indicating that there is still a lot of 

unexplained variation in deforestation rates, even after controlling for so many factors. However, if we 

aggregate the results to the municipal level (337 municipalities), the correlation between measured and 

modeled deforestation is 0.87, which is quite high. Thus, the model is better at predicting how much 

deforestation will occur in a municipality than predicting exactly where within a municipality that 

deforestation will occur. 

Figure 1 compares observed and modeled deforestation between 2001 and 2005 for every municipality 

with positive deforestation.  The figure is presented on a log-log scale so that both small and large values 

are visible. The black 45° line represents the set of points at which modeled deforestation is equal to 

observed deforestation within a municipality. Few municipalities fall directly on the line. The blue lines 

indicate the boundaries within which modeled deforestation is within a factor of ten from observed 

deforestation. Notice that the model is substantially more accurate for municipalities with high levels of 

deforestation (more than 1000 ha) than for municipalities with low levels of deforestation (less than 1000 

ha). 

Figure 1: Observed and modeled deforestation aggregated to the municipal level, Bolivia, 2001-
2005.  

 
Source: OSIRIS-Bolivia v. 2.1. 
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By using this regression, we are able to model the consequences of certain policies in terms of 

deforestation and emissions reductions. In order to do this, we must predict the amount of pixels that will 

participate in REDD under certain conditions and the effects of certain policy decisions. Therefore, the 

rest of the equations that constitute the OSIRIS framework arise from equation 1 and the regression 

above. 

The predicted probability of deforestation at site i in the absence of REDD,           , is then given by: 

                                                                                             (2)   

The spatial distribution across the country of            for all cells constitutes the Business-as-Usual 

(BAU) reference scenario in OSIRIS-Bolivia, whereas the distribution of    constitutes the historical 

reference scenario. If      , which is the case in Bolivia, then higher potential net agricultural revenues 

imply higher probability of deforestation, as theory and empirics would suggest (Barbier, 2001).  

The REDD mechanism is designed to raise the relative attractiveness of standing forest compared to 

agriculture by providing incentives for keeping land as forest. Assuming that one dollar received from 

REDD payments has an equal and opposite impact on the probability of deforestation as one dollar 

received from agricultural profits
16

, we can deduct marginal REDD revenue per hectare, RRi, from Ai 

when simulating the effect of REDD. Thus, if a site chooses to opt into the REDD mechanism, the 

opportunity costs of maintaining forest would be lower and the probability of deforestation would 

therefore also be lower. However, there is another effect that works in the opposite direction, which is that 

an increase in agricultural prices,   , due to the reduction in deforestation and reduction in agricultural 

supply at the forest frontier caused by REDD, would make agriculture relatively more attractive.  

Thus, if a site opts into REDD, the probability of deforestation is given by equation (3): 

                                                                                (3) 

The REDD revenue per hectare accruing to a site which has opted into REDD is given by: 

                                                                                                  (4) 

where      is the price paid by international buyers for carbon emission reductions,         is the 

portion of world carbon price withheld by the national government under a revenue sharing arrangement 

                                                      
16

 This assumption can be relaxed in OSIRIS-Bolivia, allowing the user to decide which type of income is 

preferable, or if they are equivalent (see equation 8). 
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(e.g. r = 0 would signify that carbon payments accrue entirely to the site), and     is the emissions 

reductions achieved at site i (tCO2/ha).   

The increase in national agricultural prices,   , is modeled endogenously in OSIRIS-Bolivia and depends 

on an “effective elasticity” parameter, which is functionally equivalent to the price elasticity of 

exponential demand for frontier agriculture (Busch et al. 2009), but is assumed to also incorporate 

feedback in the domestic labor and productive capital markets: 

                           
        

     
                                                                                (5) 

where DNOREDD is the total amount of deforestation in the country without REDD (i.e. the national 

reference level) and DREDD is the total amount of deforestation in the country with REDD. 

The default value chosen for the effective elasticity parameter in OSIRIS-Bolivia is 1.4, which yields a 

leakage of approximately 6%. This is in the low end of the admittedly wide leakage range estimated (2% - 

40%) for the REDD-like project carried out to expand the Noel Kempff Mercado national park in Bolivia 

(Sohngen & Brown 2004).  

Some sites/municipalities may choose to opt out of REDD because the agricultural net revenues they can 

gain are higher than the gains from participating in REDD. For these sites/municipalities, the probability 

of deforestation is given by:  

                                                 )                                   (6) 

The site/municipality’s gains from participating in the REDD mechanism depend not only on the 

opportunity costs, but also on the reference emissions level, RELi, which would be the reference 

deforestation level multiplied by the site specific emissions factor, Ei. 

The site specific emissions factors are calculated from maps of carbon contents in the natural vegetation, 

      , in the soil,        , and in the typical subsequent land use,    : 

                                                                                  (7) 

where   is the share of soil carbon that is assumed to be emitted due to the land use change. 

The site level participation decision is determined by a comparison of net revenues from opting in and 

opting out of REDD. The site decides to opt in if: 

                                                                              
       >     
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                                                    (8) 

The parameter   represents the population’s preference for agricultural revenue relative to REDD 

revenue. If    , then a dollar of agricultural revenue is equivalent to a dollar of REDD revenue. Later 

we explore values of this parameter above or below 1.  

In summary, OSIRIS-Bolivia compares the potential benefits from agricultural activities and potential 

benefits from a REDD mechanism for more than 120,000 sites in all of Bolivia, taking into account the 

different agricultural potential at each site, the different probability of deforestation due to geographical 

factors, the different carbon contents, the different reference levels, increases in agricultural prices due to 

reduction in agricultural production, leakage of deforestation to other sites, and a potentially different 

preference for agricultural revenues versus REDD revenues.  

 

3. REDD Payments versus Conservation Incentives 

The REDD mechanism described in the section above faces a number of problems, both endogenous and 

exogenous. As mentioned in the introduction, the World People’s Conference on Climate Change and the 

Rights of Mother Earth strongly rejected a carbon market based REDD+ mechanism on ethical grounds, 

both because it reduces our highly complex Mother Earth to one of the simplest and most standardized 

commodities imaginable (carbon dioxide) and because it further increases global emissions inequalities 

by allowing rich countries to buy emissions reductions in developing countries rather than implement 

sustainable practices at home.  

Moreover, simulations shown in Andersen et al. (2012c) reveal some practical problems: First, REDD 

benefits would be highly concentrated within the country, with only 5% of the population receiving more 

than 90% of the benefits. In addition, those who benefit most would be those with high emissions 

reference levels; either because they have deforested a lot historically or because the method of assigning 

reference levels happened to favor them. In either case, they are not likely to be the ones most deserving 

of support. Second, the process of establishing reference levels, measuring and verifying carbon 

emissions reductions; and compensating farmers for those reductions is technically and administratively 

very complex, implying that a significant part of REDD funds may be diverted to NGOs and international 

experts specializing in this business rather than benefitting frontier farmers and forest communities. 

Third, substantial reductions in deforestation would put upward pressure on the prices of agricultural 

products and thus food prices, which might be considered political suicide.    
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Given the complications and limitations of REDD explained above, there is a need for alternative 

proposals, at least in the case of Bolivia. The present paper introduces an alternative mechanism that 

supports and empowers communities to protect and manage their forests in an integral and sustainable 

way while improving and diversifying their livelihoods. It is inspired by Ecuador’s SocioBosque program 

(de Koning et al. 2011) and compatible with Bolivia’s proposal of a “Joint Mitigation and Adaptation 

Mechanism for the Integral and Sustainable Management of Forests and Mother Earth.
17

” It assumes that 

international financing becomes available through an international “Green Fund” which receives non-

offset donations from rich countries based on ethical considerations. The overwhelming difference 

between REDD and this alternative mechanism is that the latter supports and rewards “desired behavior” 

rather than compensating people for stopping “undesired behavior.”   

This section presents the analytical tool, CISS-Bolivia (Conservation Incentives Spread Sheet for 

Bolivia), an extension of OSIRIS-Bolivia which includes alternative deforestation reduction mechanisms. 

This tool will allow us to properly compare the multidimensional outcomes of different types of 

incentives, thus providing the technical and quantitative background for strong policy recommendations.  

CISS-Bolivia is based on OSIRIS-Bolivia, but modified in order to analyze the effects of incentives and 

support for integral and sustainable forest management (conservation incentives). It relies on the same 

Poisson deforestation model for Bolivia, using deforestation data from years 2001 to 2005 and 

geographical and socioeconomic information pertaining to around 120,000 pixels covering the entire 

country. The equations underlying CISS-Bolivia and OSIRIS-Bolivia are thus similar, but with a few 

changes. To begin with, the estimated deforestation at site   (eq. 1) and the predicted deforestation at site   

in the absence of incentives (eq. 2) are equal to those in OSIRIS-Bolivia. However, deforestation in the 

presence of incentives if a site decides to opt in to the mechanism is equal to zero, as no further 

deforestation is a condition for participation. A pixel will opt into the mechanism when the potential 

revenue from conservation incentives is greater than the potential agricultural revenue from deforesting: 

                                     (9) 

where    is the Conservation Incentive per hectare of area at site  ,    is the area in hectares of pixel  , 

         is the fraction deforested in absence of conservation incentives at site  ,   is the preference for 

agricultural revenue relative to Conservation Incentives revenue,    is the price elasticity of exponential 

demand for frontier agriculture which is calculated as shown in equation 5,    is the net agricultural 

revenue per hectare at pixel  , and    is the forest land in hectares at site  .  

                                                      
17

 Currently under discussion in Bolivia and to be presented at COP 18 in Qatar, December 2012. 
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CISS-Bolivia holds yet another fundamental difference with OSIRIS-Bolivia. In order to determine which 

pixels will receive Conservation Incentives and which will not, the tool ranks each site according to a set 

of up to five priorities, represented by the following five indices: 

 I1: Species Richness index (more biodiverse pixels potentially receiving a higher ranking) 

 I2: Level of deforestation threat index (more threatened pixels potentially receiving a higher 

ranking) 

 I3: Poverty index (areas with lower levels of human development potentially receiving a higher 

ranking) 

 I4: Carbon density index (pixels with higher carbon emissions factors potentially receiving a 

higher ranking). 

 I5: Land title index (pixels with clear land titles potentially receiving a higher ranking). 

The user can choose how much weight to assign to each of these indices, selecting weights ranging from 

0 to 1 and securing that they sum to 1.
18

 

The score calculation to select the eligible pixels follows these criteria: 

             
 
                 (10) 

   
 
                 (11) 

where    is the weight assigned to each index   .  

After having ranked the eligible pixels, CISS-Bolivia computes the maximum number of pixels that can 

participate in the mechanism according to the chosen fund size, the chosen Conservation Incentive per 

hectare and the transaction costs. After this step, CISS-Bolivia computes the “minimum score” of the last 

participating pixel. All pixels with a score higher than or equal to the “minimum score” will be enrolled in 

the mechanism and thus receive payments.  

 

4. Simulation results in CISS-Bolivia 

In this section, we use the CISS-Bolivia tool to answer questions that can be crucial in the design of 

mechanisms to reduce deforestation in Bolivia. The presented findings can shed light on capital issues 

                                                      
18

 CISS-Bolivia only ranks pixels which would potentially opt into the mechanism. Pixels that would not be 

interested in the mechanism are assigned a score of zero.  
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essential for formulating sound and realistic policy recommendations. One of the main questions 

addressed in this section is: how much would it cost to reduce deforestation in Bolivia? Moreover, with a 

given amount of money, which results can we expect in terms of deforestation and emission reductions, 

biodiversity, and poverty alleviation? Additional questions explored in this section include the role of 

transaction costs and preferences for agricultural income versus Conservation Incentives payments. 

4.1 How much would it cost to reduce deforestation and poverty in Bolivia? 

Several studies have claimed that reducing deforestation would be a relatively cheap way of reducing 

carbon emissions (e.g. Stern 2006; Antorini & Sathaye 2007; Naucler & Enkvist 2009). Other studies 

have proposed that on-the-ground costs may be considerably higher than suggested by top-down global 

models (Murray et al. 2009).  

When addressing cost issues using CISS-Bolivia, there are two dimensions that must be considered. The 

first dimension is the size of the Conservation Incentive per hectare, which will be received by the land 

owners; the second is the size of the Fund from which the payments are drawn. This second dimension is 

therefore the cost to international donors. In the case of Conservation Incentives, both deforestation and 

emission reduction effects seem to experience diminishing marginal returns to payments (see Figure 2).  

For low incentives, the mechanism is not attractive and therefore very few households will choose to 

participate. This changes quickly as the Conservation Incentives increase and deforestation and emissions 

reduction will reach their maximum at $20/ha/4years and $35/ha/4years, respectively. At a price of 

$25/ha/4years, for example, deforestation will be reduced by 14% and CO2 emissions will be reduced by 

16%. Reductions will then decline starting at their maximum values, due to the fact that the total fund has 

to be distributed between fewer households. 

An increase in the incentives per hectare within a Conservation Incentives framework will also have 

effects on other variables we have taken into consideration. For example, there is a negative relationship 

between the payment size and the percentage of the rural population participating in the mechanism. 

Simultaneously, reduction in poverty of those participating in the mechanism follows a positive 

relationship with the payment size, as does the decrease in biodiversity loss (this last variable presents a 

similar relationship with payments than decrease in deforestation).  
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Figure 2: Conservation Incentives and reductions in deforestation and CO2 emissions in Bolivia 
(no transaction costs). 

 
Source: CISS-Bolivia v. 2.1. All parameters kept at default levels, except size of the Conservation Incentive. 

 

In the case of poverty reduction, there are two different variables to take into consideration: average 

increase in income of all the poor in the country and average increase in income of the poor that are 

participating in the mechanism. Figure 3 presents these results: the increase in income of those 

participating is ever-increasing, while the increase in income of all the poor reaches its maximum at 

$15/ha/4yrs with an increase in income of 11% and then stabilizes around a 10% increase. 
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Figure 3: Size of Conservation Incentives and increase in income of the poor 

 
Source: CISS-Bolivia v. 2.1. All parameters kept at default levels, except size of the Conservation Incentive. 

 

Furthermore, a preliminary step to allocation of resources is the amount of resources that could be 

provided and their effects on policy outcomes. Therefore, we must observe the effects that the Fund Size 

can have on emission and deforestation reductions. In the following graph, a positive relationship between 

fund size and deforestation reduction can be observed. With a fund size of $1 billion, a decrease in 

deforestation of 14% could be achieved, along a 17% decrease in emissions. In addition to the variables 

depicted in the graph, the fund size holds a positive relationship with all other relevant variables: 

participation of rural population, increase in income of the poor, and decrease in biodiversity loss. 
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Figure 4:  Fund size and reductions in deforestation and CO2 emissions in Bolivia (no 
transaction costs). 

 
Source: CISS-Bolivia v. 2.1. All parameters kept at default levels, except fund size. 

  

4.2. Transaction costs in CISS-Bolivia 

In our analysis so far, transaction costs have been kept at the default value of zero and therefore not taken 

into account. However, a mechanism of this magnitude is likely to require large amounts of financial 

resources to develop the technical and institutional capacity to launch the mechanism and keep it 

functioning (Pagiola and Bosquet 2009). These costs include expenses on institutional capacity building, 

establishment of property rights, negotiation and development of contracts, investments in improved 

agricultural efficiency and systems of monitoring and enforcement.  

In CISS-Bolivia, transaction costs are assumed to be borne by international donors. The model takes this 

into account and subtracts transaction costs from the fund size, leading to a reduced number of pixels that 

could potentially be enrolled in the mechanism. The idea behind this sustains that it is cheaper and more 

efficient to take on these costs at a centralized rather than individual level. Moreover, the participation 

decision becomes clearer as transaction costs do not enter as arguments for the potential participants. 

The Stern Review, which includes analysis of tropical forests in Bolivia, estimates transaction costs 

ranging from $5 to $15 per hectare (Grieg-Gran 2006). In a REDD-like project in Bolivia, the Noel 

Kempff Climate Action Project, transaction costs were estimated at $3.3 million for a 634,286 hectare 
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project (Antorini & Sathaye 2007), corresponding to $52/ha. Dividing those costs over the first 10 years 

of the project produces a cost around $5.2 per hectare per year, or approximately $20 per hectare per 4-

year period. However, transaction costs are expected to be lower for a national policy of Conservation 

Incentives than for an isolated REDD project, because the monitoring and verification process is simpler 

with no need for detailed CO2 calculations at the local level and because there would be no need to 

estimate leakage.    

In Figure 5 we observe the effects of transaction costs on participation of the rural population. Given zero 

transaction costs and default values, the percentage of rural population participating in the mechanism is 

58%. If we consider transaction costs of $20 per hectare, according to estimates from the Noel Kempff 

Climate Action Project, the participation drops to 40%; while at a cost of $25/ha participation nearly 

halves. The effects of transaction costs on rural incomes are coherent with those of participation, 

decreasing as transaction costs increase and rural participation decreases. This is a crucial factor to take 

into consideration when designing policy. 

Figure 5:  Transaction costs and participation of the rural population. 

 
Source: CISS-Bolivia v. 2.1. All parameters kept at default levels, except transaction costs.  
 

More importantly, transaction costs have important effects regarding reduction of deforestation and 

emissions. These turn out to be quite elastic with respect to transaction costs and have a negative 

relationship. Figure 6 shows the relationship between transaction costs and deforestation and emission 

reduction; with high transaction cost levels, reductions are reduced in half. This relationship holds for 
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poverty reduction and biodiversity loss reduction as well. Therefore, it is important to carry out a proper 

estimation of transaction costs, for they can have important effects on policy outcomes. 

Figure 6:  Transaction costs and decrease in emissions and deforestation. 

 
Source: CISS-Bolivia v. 2.1. All parameters kept at default levels, except transaction costs.  

 

If we compare the effects of transaction costs in the cases of REDD Payments and Conservation 

Incentives, the relationship is similar but the magnitudes are quite different. As depicted in Figure 7 

below, both variables have a negative relationship with transaction costs. However, in the case of REDD 

the decrease in deforestation seems to stabilize (though still decreasing) around 25% whereas in the case 

of Conservation Incentives it follows an even steeper path. In the case of transaction costs equal to $30, 

for example, decrease in deforestation would be only 3% in the Conservation Incentives case whereas it 

would be of 27% in the REDD scenario. 
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Figure 7: Effects of transaction costs on deforestation reductions under REDD and 
Conservation Incentives. 

 
Source: CISS-Bolivia v. 2.1. and OSIRIS-Bolivia v. 2.1. All parameters kept at default levels, except transaction 

costs.  
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security or unfamiliarity with the Conservation payments from international donors might imply that 

farmers prefer continuing agriculture over equal income from forest conservation, justifying a parameter 

value of    . There are also arguments that might justify   being less than one. For example, farmers 

may be able to use the time they have freed up to engage in other types of productive activities, thus 

earning not only the conservation payments, but also alternative non-agricultural income. They may have 

a preference for leisure rather than agricultural work, or may derive value from the ecosystem services 

provided by forests.    

An empirical study designed to establish conservation opportunity costs in Bolivia found that farmers, 

when asked about the minimum compensation they would need to give up agricultural activities on a 

certain plot, demanded an annual compensation for conservation that was on average almost twice as high 

as their net agricultural revenues from that plot (Leguia, Malky, & Ledezma 2011). This could be because 
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be because they have a strong preference for familiar agricultural revenues, self-sufficiency and food 

0% 

5% 

10% 

15% 

20% 

25% 

30% 

35% 

40% 

0 10 20 30 

D
e
c
re

a
s
e
 i

n
 D

e
fo

re
s
ta

ti
o

n
 (

%
) 

Transaction Costs ($/ha) 

% decrease in deforestation 
due to Conservation 
Incentives 

% decrease in deforestation 
due to REDD 



20 

 

security. As a result of these findings, we graph the effects of preferences for agricultural revenues on 

reductions in deforestation and on participation. 

Figure 8: Preferences for agricultural revenues versus Conservation Incentives and decrease in 
deforestation and emissions.  

 
Source: CISS-Bolivia v. 2.1. All parameters kept at default levels, except the relative preference for agricultural 

income compared to conservation payments. 

 

As can be seen in figure 8, preferences matter. For example, given Conservation Incentives of 20 

$/ha/4yrs, if farmers have a strong preference for income through conservation payments       ), 

reduction in emissions can reach up to 21%. However, if alternatively they prefer agricultural 

payments      , reductions in emissions can drop to 9%. 

4.4. Opportunity Costs 
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model. They are the main input (along with Conservation Incentives) that is entered into the participation 

decision of each pixel, and therefore small changes in opportunity costs may have important effects in 

participation and therefore emissions reductions. Given this argument, it is important to properly estimate 

opportunity costs and understand the implications that failing to do so might have. 
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notably, opportunity costs may change substantially over time due to changes in world food prices or due 
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countries like Bolivia, it is especially important to model the sensibility of certain variables to changes in 

opportunity costs, such as carbon emissions, deforestation, and participation. 

Figure 9: Preferences for agricultural revenues versus Conservation Incentives and decrease in 
deforestation and emissions.  

 
Source: CISS-Bolivia v. 2.1. All parameters kept at default levels, except the relative preference for agricultural 

income compared to conservation payments. 

 

In Figure 9 we can observe the effects of changes in opportunity costs on reductions in emissions and 

deforestation. A clear negative relationship can be observed. For example, if opportunity costs turn out to 

be half of what we had originally expected, reductions in emissions would be 24% rather than 17%. 

However, if alternatively opportunity costs are twice as what we had predicted, reductions in emissions 

would drop to 12%, all other thing equal.  

This reduction is surprisingly not caused by a reduction in participation. At default values, an increase in 

real opportunity costs will not reduce participation; it will simply change the characteristics of those 

pixels which are opting into the mechanism. As pixels with lower agricultural revenues flood the 

mechanism (those with higher agricultural revenues are now opting out because of the increase in 

opportunity costs), emissions and deforestation reductions will decrease too. This is because the 

participating pixels are less “valuable” in terms of environmental assets, as can be observed in Table 2: 
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Table 2: Average forest cover, carbon density, and rural population in pixels with above and 
below average net agricultural revenues.  

 Pixels with lower than average 
net agricultural revenues 

Pixels with higher that average 
net agricultural revenues 

Forest Cover (Ha) 257 550 

Carbon Density Index 0.16 0.55 

Rural Population 12128 9534 

Source: CISS-Bolivia v. 2.1.  

 

As pointed out earlier, the number of participating pixels is unchanged by variations in opportunity costs. 

However, these changes do have an effect on what kinds of pixels are participating. Though at first 

counter-intuitive, we observe a rise in the percentage of rural population that is participating in the 

mechanism, as depicted in Figure 10. This however, can be explained by referring back to the data in 

Table 2. In the table, the average rural population in municipalities with lower that average net 

agricultural revenues is 12128, whereas the same figure is 9534 in municipalities with higher than average 

net agricultural revenue. Therefore, as opportunity costs increase, those pixels and municipalities with 

high agricultural revenues will opt out of the mechanism. More low agricultural revenue municipalities 

will participate as the spots open up, leading to more participating rural peoples and an increase in the 

percentage participating. 

Figure 10: rural participation and preferences for agricultural revenue versus Conservation 
Incentives.  

 
Source: CISS-Bolivia v. 2.1. All parameters kept at default levels, except the relative preference for agricultural 

income compared to conservation payments.  
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5. Comparing REDD and Conservation Incentives 
 

Now that we have explored the interactions between different variables by using the CISS-Bolivia model, 

designed to simulate the effects of Conservation Incentives, it is time to compare them with the pure 

REDD mechanism. At first sight, there is a clear trade-off between efficiency and equity. That is, the 

trade-off between reducing emissions by the largest amount or increasing rural income by the largest 

amount. This raises questions about the nature and objectives of deforestation reduction mechanisms. 

Donors are probably most interested in reducing emissions in the most efficient way possible, but 

potential host countries are more likely to be interested in implementing the programme if it also has 

some benefits in terms of poverty reduction.  

Figure 11 provides a clear depiction of the efficiency-equity trade-off. As the more extreme cases, we can 

point out the Pure REDD mechanism and an unconditional cash transfer to the poor, in both cases 

involving international financing of $1000 million. Ignoring transaction costs, a Pure REDD mechanism 

could reduce emissions by 189 million tCO2 and at the same time increase rural incomes by $15/rural 

person/year. On the other hand, a pure, unconditional cash transfer will not reduce emissions at all and 

would increase rural incomes by $89/rural person/year.  

Alternatively, CISS-Bolivia yields more intermediate solutions depending on the indexes that are set as 

priority. Naturally, the pure poverty criteria will be more similar to the cash transfer than the pure carbon 

criteria, which will be more similar to pure REDD+. Conservation Intentives directed towards areas with 

dense forests, and thus high carbon contents, seem to be an attractive compromise, reducing emissions by 

76 million tCO2 and increasing rural incomes by $66/rural person/year. 
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Figure 11: Emission reductions and increase in rural incomes with $1 billion in Bolivia 

 
Source: CISS-Bolivia v. 2.1. and OSIRIS-Bolivia v. 2.1. All parameters kept at default levels.  

 

However, emissions reductions and increases in rural incomes are not the only variables we wish to 

consider when evaluating which policy or combination of policies would be most beneficial. In addition 

to these, we must consider decrease in deforestation, decrease in biodiversity loss, and the percentage of 

the rural population participating in the mechanism. Figure 12 provides a multi-dimensional 

representation of 5 selected variables that are considered the most relevant for policy-making. Again, the 

efficiency-equity trade-off becomes clear. As can be observed, the Conservation Incentives outcomes are 

tilted towards those “equity variables” (participation and rural incomes), whereas REDD+ is tilted 

towards the “efficiency variables” (emissions, deforestation, and biodiversity). 
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Figure 12: multi-dimensional comparison of pure REDD+ and Conservation Incentives. 

 
Source: CISS-Bolivia v. 2.1. and OSIRIS-Bolivia v. 2.1. All parameters kept at default levels.  

 

6. Conclusions and recommendations 

The international REDD+ mechanism is still in the phase of design and negotiation and in urgent 

need of quantitative information that can help guide the process in order to secure that we will 

end up with a mechanism that is both fair and effective and which will receive sufficient funding 

to significantly reduce deforestation. Moreover, a market-based approach for reducing 

deforestation, such as the REDD case depicted in Figure 12, has received significant opposition 

in Bolivia triggering a search for alternative approaches that can meet both the need of the local 

inhabitants as well as the international community. CISS-Bolivia provides technical support in 

the search for these alternatives and increases the span of potential policy scenarios and 

combinations that can be explored. 

In our analysis of these alternative mechanisms, we encounter an underlying dilemma: the 

efficiency-equity trade-off. It is important to understand this trade-off, because it will affect 

international negotiations. A successful international mechanism will necessarily include two 

main parties: host countries and donors. Donors are mainly interested in reducing emissions as 

cheaply as possible, whereas a mechanism is unlikely to get traction in potential host countries, 
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unless it can demonstrate a favorable effect on rural poverty, a key concern in most developing 

countries. The tools presented in this paper provide the necessary quantitative background for 

discussion and debate of deforestation reduction policies, and can play an important role in an 

upcoming negotiation process. 

A Conservation Incentives mechanism, as modeled by CISS-Bolivia, presents a number of 

advantages over REDD payments. For starters, the mechanism avoids complex reference levels 

which can be very difficult to calculate, especially at the municipal or property level. On top of 

this, a Conservation Incentives Scheme rewards desired behavior, such as keeping the forest 

standing, rather than rewarding for stopping an undesired behavior, such as paying heavy 

deforesters to stop deforestation under REDD+. Finally, Conservation Incentives have the ability 

to increase rural incomes to a much greater extent and not only focus on emission reductions. For 

these three reasons, Conservation Incentives might prove a more politically feasible approach to 

reducing emissions in developing countries. 

To sum up, both the OSIRIS-Bolivia and CISS-Bolivia models provide excellent quantitative 

insight into deforestation reduction policy making, and have the potential to contribute greatly in 

the discussion process. Further research is still needed in order to contemplate all possible 

options and make the discussion as rich and effective as possible. One possible direction to move 

towards is exploring policy combinations by incorporating alternative mechanisms such as taxes 

on deforestation and investigating whether a combination of sticks and carrots may prove 

superior to providing just positive incentives. 
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