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Introduction 

Ecosystems provide society with a wide range of services—from reliable flows of clean water to 

productive soil, carbon sequestration and maintenance of genetic diversity. Individuals, companies, and 

communities rely on these services for raw inputs, production processes, food security and climate 

resilience, among other benefits. In the particular context of agriculture, plant and animal genetic 

resources (PAGR) play a crucial role in the sustainability of productive lands. Yet, the intensification of 

agricultural systems, the specialization of plant and animal breeds and the homogenizing effects of 

globalization, have resulted in the loss of genetic diversity worldwide1. This loss reduces overall fitness 

and adaptive potential of the agro-ecological system and may negatively affect the livelihoods of 

farmers that replace “traditional” for “improved” varieties of crops or animals2. Such scenario is 

especially relevant to poor farmers in developing countries where traditional, less productive but more 

sturdy species survive well in agricultural systems that do not typically rely on external inputs. 

Payments for Agrobiodiversity Conservation Services 

The problem of agro-biodiversity conservation is in nature a problem of impure public goods. 

Therefore, the design of policy instruments is crucial for capturing the spillover benefits from genetic 

diversity in agro-ecological systems. Payments for Ecosystem Services (PES) are increasingly popular 

                                                                 
1 Between 10% and 50% of well-studies higher taxonomic groups (mammals, birds, amphibians, conifers, and 
cycads) are currently threatened with extinction (Millennium Ecosystem Assessment—Ecosystems and Human 
Well-Being, 2005). 
2 In addition to a possible reduction of genetic resources on individual farms, adoption of improved species 

varieties may result in a loss in aggregate diversity (Brush and Taylor, 1992). 
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policy instruments in the area of conservation and sustainable management of natural resources. These 

PES programs are economic incentives offered to farmers or landowners in exchange for managing their 

agricultural and forest lands to provide some sort of ecological service. Payments for Agrobiodiversity 

Conservation Services (PACS) are PES-like programs that focus on the conservation of threatened local 

plant and animal genetic resources (PAGR). Examples of PACS include the EU support payments for 

threatened livestock breed, a GEF-funded project scheme in Ethiopia that pays farmers for conserving 

traditional seed varieties3, and a scheme to conserve local quinoa varieties in the Andean Altiplano. 

PACS and PES in general, are not designed to reduce poverty. There are, however, opportunities 

for designing incentive schemes that enable low-income people to profit by restoring and conserving 

valuable genetic resources, especially in the context of poor rural communities in developing 

countries—communities that are hosts of rare PAGR and that are more likely to rely on native species 

that are well suited for site conditions and that do not require soil modifications4. Recognizing that 

economic valuation is likely to aid the effectiveness of political decisions over biodiversity conservation 

strategies, lessons from the theory and valuation methodologies used in environmental economics can 

provide important insight for policy decisions regarding which plant and animal species to conserve and 

how to incentivize their conservation among which set of farmers. 

The scope of this paper is narrowed to choice-based methodologies of economic valuation that 

serve in the design of PACS that focus on sustaining the diversity of PAGR within agricultural systems in 

the context of remote and traditional societies in developing countries. Globally, this area of research 

relates to the UN Millennium Development goal of food security in general, and specifically to the 

                                                                 
3 GEF stands for “Global Environment Facility”. The GEF is a partnership of international cooperation where 183 

countries, together with international institutions, civil society organizations and the private sector, work to 
address global environmental issues.  
4 The loss of ancient plant and animal populations, comprised of landraces and species varieties is termed “genetic 
erosion” and is believed to be especially acute in cradle areas of species origins and evolution where diversity is 

unusually high (Brush and Taylor, 1992). 
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priority points of the Global Plan of Action for Plant and Animal Genetic Resources (FAO, 2011 ), the 

Interlaken Declaration (FAO, 2007), and the 1992 UN Convention on Biological Diversity5.  

Methods for the Valuation of PAGR 

PAGR in general and valuation methods in particular, have received little attention. Although 

choice-based economic valuation of genetic resources was pioneered in a North American context in 

1997 by Sy et al., the valuation of PAGR within subsistence production systems typical of developing 

countries is only in the early stages of development.  

In the realm of animal genetic resources (AnGR), recent reviews of potential valuation methods 

and considerations for testing their validity of currently include comprehensive surveys by Drucker et al. 

(2001) and Roosen et al. (2005). In the crop side of the literature in genetic agro-biodiversity, Hajjar et 

al. (2008) provide a thorough review of the relationships between crop genetic diversity and the 

provision of ecosystem services in productive systems. 

In general, these works identify several relevant sources of value that need to be considered for 

supporting decisions regarding what to conserve given the goal of maximizing diversity6, and provide a 

clear exposition of the non-market valuation tools available to applied researchers7. Yet, despite the 

                                                                 
5 These international frameworks promote production and knowledge systems that support the conservation and 

sustainable use of genetic resources for food and agriculture. 
6 Among the sources of value are genetic-distance between the breed in question and the surviving breeds; degree 
of endangerment; adaptation to specific environment; possession of important traits of economic importance or 
scientific value; and cultural/historical value. 
7 The list of valuation techniques used to derive various measures of WTPs for PAGR and determine the economic 
importance of a particular species includes (1) Contingent Valuation  aiming at recovering a WTP or WTA based on 
stated preferences; (2) Production Loss Averted which identify production losses in the absence of conservation 

programs and uses these estimates to define an upper bound for economically justifiable conservation costs; (3) 
Opportunity Cost which derives farmers’ WTP for genetic diversity relying on the concept of option value and 
farmers’ preferences for informal forms of insurance (such as a diverse crop portfolio); (4) Least Cost Method, 
which links the probability that that a farm-household maintains a certain variety with the farmer’s costs of 

production and net income. Finally, (5) the econometric estimation of systems of aggregate demand and supply 
functions are also used to compute changes in consumer and producer surplus that follow changes in traits of the 
composition of a species. Market Share Analysis, which involves identifying the total share of market value that 
can be attributed to a given variety; and the use of Intellectual Property Rights and contracts as indicators of 

economic importance are the other methods under this category listed in these articles. 
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general consensus of the potential role of such methodologies in revealing useful estimates of the 

values placed on PAGR in developing countries, it is evident from these surveys that empirical works in 

the area of valuation of PAGR are scant.  

Because the problem of genetic erosion is one of non-market goods, revealed preference 

approaches do not in general have the power to identify the full value of diversity in genetic resources. 

Hence, stated preference methods are the more common approach in the valuation of non-traded 

attributes of agro-biodiversity. Methods of contingent valuation (Poudel and Johnsen, 2009), conjoint 

analysis (Sy et al., 1997; Tano et al., 2003;), choice experiments (Scarpa et al., 2003; Birol et al., 2006; 

Ruto et al., 2008; Kassie et al., 2009), and meta-analysis (Ahtiainen and Pouta, 2011) have been used to 

assess economic values of traits in indigenous varieties of crops and animals across world regions. The 

remainder of this review is organized according to used methodologies. Studies using contingent 

valuation are presented first, followed by those using conjoint analysis. Lastly, the literature using choice 

experiments is explored.  

Contingent Valuation 

Poudel and Johnsen (2009) use a contingent valuation method to estimate farmers’ WTP for the 

conservation of rice landraces in Kaski, Nepal. The methodology is relatively straightforward offering a 

possibly naïve view of the situation in Nepal. Among findings of interest, the results show that wealthier 

and more experienced respondents showed higher WTPs for in-situ conservation than for ex-situ 

conservation. The offered explanation is that accounting for the direct benefits from rice yields, rice 

farmers derived additional utility from direct involvement in conservation efforts. This result may be 

viewed as evidence that non-use values (such as option values) are important in determining farmer 

valuation of PAGR. 
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Conjoint Analysis  

Conjoint analysis is a flexible and potentially powerful tool for work in areas where products are 

nonhomogeneous (Sy et al., 1997). After the pioneering work by Sy et al. (1997) evaluating the 

preferences of cattle producers for different cattle characteristics in Manitoba, Canada, many 

authors have followed the conjoint methodology to analyze economic values of cattle traits in 

developing countries.8 Tano et al. (2003) study farmers’ preferences for cattle traits of indigenous 

breeds in West Africa employing conjoint ranking and an ordered probit model. Cattle in Burkina Faso 

serve multiple functions: as an input of production, a source of food (beef and milk), and perhaps a form 

of savings. The conjoint analysis allows the authors to characterize the heterogeneity of production 

practices in the region and identify the important traits in cattle breeds within specific agro-ecological 

zones. The identified important traits include disease resistance, fitness for traction and reproductive 

performance (beef and milk production are less important traits). 

In a different study, Zander and Drucker (2008) use choice ranking and mixed multinomial logit 

models to examine the relative values of distinct attributes of the Borana cattle in southern Ethiopia and 

northern Kenya. (The Borana cattle and its different subtypes are native breeds with particular traits 

that make them suitable for harsh environment in the lowlands. These breeds also form an important 

part of the cultural identity of livestock-keepers communities in these areas in the Horn of Africa.) The 

results of the choice model shed light on the sources of value of cattle in general and the Borana cattle 

in particular. The results indicate that for cattle in general, high WTPs are placed on traits of cultural 

importance (such as body size and horn conditions). For Borana cattle, adaptive traits, fertility and 

                                                                 
8 Sy et al. (1997) use mail survey data to estimate an ordered probit model. The authors distinguish between three 

different segments of the cattle production sector: purebred breeders, commercial cow-calf producers, and cattle 
feeders. The results show that purebred breeders have higher preference for reproduction traits, while other 
operators give higher values to attributes such as heavy slaughter weight and carcass yield. The main result is that 
discrepancy in preferences within the cattle production sector hampers the design of breed improvement 

programs as they have differential benefits to different segments of producers. 
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traction suitability were the preferred attributes. The separation of traits and preferences allows the 

researchers to recommend in-situ conservation of the Ethiopian Borana subtype in Ethiopia and the 

Somali Borana subtype in Kenya. 

Choice Experiments 

Recent studies show that choice experiments are a potentially appropriate method for the 

valuation of non-market functions in production as they closely reflect available estimates from revealed 

preference methods (Scarpa et al., 2003). Few choice experiments (CE) have explored the specific 

components of agrobiodiversity, such as PAGR (Birol et al., 2006), but they are becoming more popular 

in the study of preferences for genetic resources in livestock across world regions. For instance, Scarpa 

et al. (2003) study farmer valuation of indigenous pig breeds in Mexico; while Roessler et al. (2008) 

employed CE and multinomal logit models to investigate the relative economic importance of pig traits 

in Vietnam. In the sub-Saharan African literature, Ouma et al. (2007) analyze trait preferences in the 

pastoral areas of Northern Kenya and Southern Ethiopia; Ruto et al. (2008) investigate buyers’ 

preferences for indigenous cattle breeds in Northern Kenya; and Kassie et al. (2009) conduct a similar 

study in Central Ethiopia. 

In conducting the Yucantan study, Scarpa et al. (2003) use CE and a mixed logit model, to study 

farmers’ preferences over a selection of traits of a particular local (creole) breed of pigs in Yucatan, 

Mexico9. An important result from this stated-preference study is that the WTP estimates match 

revealed-preference outcomes of previous studies, offering support for the validity of CE estimates of 

the economic valuation of PAGR. In this study, hypothetical choice data were collected from small 

farmers. The respondents were asked to compare the creole breed to other hypothetical more 

productive pig breeds on a variety of characteristics. The reported responses were used to estimate a 

                                                                 
9 The researchers were investigating preferences regarding piglet cost, weight at 6 months, bathing frequency for 
heat relief, and disease resistance, all traits that are known to be genetically determined and manifested 

differently in creole pigs and exotic imports. 
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series of Random Utility Models. The authors find trivial, though significant, differences in valuation 

between creole and exotic imported breed of pigs; suggesting that minimal incentives and interventions 

are needed to conserve the “marginalized” indigenous species. Yet, the researchers are able to separate 

respondents into two types of producers, one of which is likely to find indigenous piglets more valuable 

(usually households with younger, less educated and lower incomes). The authors recommend that 

conservation efforts be targeted towards these households. 

In their study of buyers’ preferences for livestock traits in Northern Kenya, Ruto et al. (2008) use 

CE and latent class modeling to examine the relative values of cattle traits and preference 

heterogeneities in Northern Kenya for the Maasai Zebu10. The model design allows the researchers to 

separate buyers into at least three types: those interested in cattle breeding, slaughter, or resale. Unlike 

the findings of Sy et al. (1997), Ruto et al. (2008) find that buyers’ preferences are generally aligned 

across segments of the “cattle sector” in Northern Kenya. Even though indigenous breeds like the Zebu 

cattle are thought to have superior adaptive attributes to local environmental stresses (such as 

resistance to disease and drought) compared to exotic breeds, the results suggest that most buyers 

favor exotic rather than indigenous breeds. The interpretation offered is that cattle buyers in the region 

generally have commercial breeding objectives, and therefore see exotic breeds as more “marketable”. 

The results support the role of intervention to preserve AnGR as indigenous breeds fail to attract a 

premium from buyers. 

 

A similar approach is taken by Kassie et al. (2009) in their examination of buyers’ preferences for 

different traits of indigenous cows in Central Ethiopia (where farming systems in the highlands are 

dominated by semi-subsistence, integrated crop-livestock production). The authors use CE and a 

                                                                 
10 The latent class model (LCM) is a restricted version of the mixed logit model in which the mixing distribution is 
finite. Theoretically, there is no reasons to use prefer one over the other. The authors compare the results from 
the latent class model to those from other more general approaches such as the unrestricted mixed logit. They find 

results to be similar. 
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random parameters logit elicit and analyze preferences of buyers. The results show that in areas where 

livestock serve a multitude of purposes, fertility, disease resistance and “calf vigor” are at least as 

important as milk production. Results from simulations and further analysis suggest that preferences are 

more sensitive to changes in fertility and disease resistance.  

Interestingly, the responses of this study in Central Ethiopia show that the geographic origin of 

the cows is apparently a more important attribute for buyers than the actual breed. The interpretation 

offered is that farmers, who are more likely to be cattle buyers, are more concerned with adaptability 

and therefore tend to value obtaining animals from nearby locations with similar agro-ecological 

conditions. Using these findings, the authors recommend that interventions seeking to improve cattle 

breeds should focus on reproductive and adaptive traits that stabilize herd structure, rather than focus 

on traits that are more important for commercial purposes such as milk production. Furthermore, 

improving disease resistance and calf vigor is likely to facilitate adoption of improved breeds.  

Outside the valuation of genetic resources of livestock, Birol et al. (2006) apply CE methods in 

the valuation of general agro-biodiversity in Hungary. The authors estimate farmers’ derived utility (in 

terms of WTA rather than WTP) from four components of agro-biodiversity found in Hungarian “home 

gardens”.11 Six different versions of garden profiles were constructed and famers were presented four 

or five choice sets, each containing two profiles. Respondents were then asked to select one or neither 

of two profiles for each choice set. Using the data, conditional logit models were estimated to find 

marginal WTAs.  

Similar to other studies, the researchers find valuation heterogeneity across regions and 

households. Much of the variation in value within the sample is explained by households’ degree of 

integration into regional product and labor markets. Farmers with the highest valuation for crop variety 

                                                                 
11 The studied attributes of agro-biodiversity in home gardens are diversity of crop varieties; cultivation of 
landraces; traditional methods of integrated crop and livestock production; and use of organic production 

practices. 
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in home gardens reside in more isolated regions where food markets are lacking, soils are poorer and 

agro-ecological conditions are diverse. Landraces and traditional integrated methods of livestock and 

crop production are highly valued by the elderly, experienced farmers (who are typically retired). 

Instead, organic farming is valued by younger, more educated families with higher incomes. Finally, the 

authors pair their WTA estimates with current population and migration trends to conclude that on-

farm conservation schemes that promote “home gardens” are a viable mechanism to protect the 

habitats for endangered plant and animal species and a crucial agro-ecological complement to large-

scale, mechanized farms.  

Conclusion 

Biodiversity is fundamental to agricultural production and food security. Yet, common patterns 

of agricultural growth have eroded biodiversity in plant and animal genetic resources worldwide. This 

loss has serious economic implications, as it may jeopardize productivity and food security in less 

developed contexts where farming systems are heavily reliant on genetic biodiversity for adaptability 

and system resilience. A strategy to address the problem of sustaining diverse genetic resources is using 

policy instruments to induce the integration of biodiversity conservation and current agricultural 

practices. In the realm of agricultural and environmental policy, the economic valuation of PAGR can 

guide resource allocation among biodiversity conservation strategies. It can also assist in the design of 

economic incentives and the political decisions over which species to conserve and which set of farmers 

to target to achieve social efficiency. 

This review of the literature on the economic valuation of PAGR in the context of agricultural 

systems in developing countries shows that the value of AnGR has been most widely investigated and 

that the use of CE is almost a routine approach in this realm. Additionally, most works in this area of 

research focus on estimating the magnitude of use-values, which are generally associated with producer 

surplus. Of the different species, cattle and rice genetic resources have received the most attention. 
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Other valued species include pigs, goats, sheep, horses, maize and coffee (Ahtiainen and Pouta, 2011). 

Also, in situ conservation was valued more often than ex-situ conservation, and the study area in most 

cases is local or regional.  

Plan for Future Research 

To fill the gaps in this literature, future research should focus on the valuation of crop and plant 

genetic resources; in the identification and estimation of non-use values; the value consumers place on 

genetic resources; and, given the geographical cluster of many of the reviewed studies, in the 

exploration of benefit transfer value estimates for conserving certain genetic resources. 

What I propose is an application of one or more of the revealed preference methods explored in 

this review to study of farmer perceptions and relative valuations of the different traits of coffee 

plantations in Puerto Rico. This examination would be part of a broader project analyzing the impacts of 

a particular PES program that aims to restore shading canopy in coffee plantations in the island.  

The restoration project in Puerto Rico focuses on promoting the transition from sun to shade 

coffee among farmers to restore the natural habitats and biodiversity in the island—shade trees provide 

shelter for a variety of living organisms and serve as structure for critical ecological processes that 

sustain habitats and fertile soils, stop sedimentation, and prevent water pollution. However, 

transforming a farm from sun to shade coffee will most likely result in yield declines.  Therefore, whether 

or not farmers adopt shade coffee over sun coffee management regimes will likely depend on the size of 

the subsidy program and its alignment with farmers’ valuation of plant characteristics other than 

expected yields. Other characteristics that can influence farmers’ choice of plantation are disease 

resistance, intensity of input requirement (labor, fertilizer, water and land), quality/flavor of the final 

product, and sustainability of the plot. The latter aspect is the center of interest considering the 

ecological nature of the fundamental objective of the PES program in Puerto Rico.  
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