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Abstract

The main focus of this paper is agrobiodiversity and its effects on agricultural production within agricultural landscapes. The interest is to

shed light about the fundamental causes of agrobiodiversity loss by focusing upon the institutional or meso-economic environment that

mediates farmers’ decentralized decisions. Since the main causes of farmers’ decisions to ‘disinvest’ in agrobiodiversity as an asset lie in the

incentives offered by current markets and other institutions, the solution to the problem also lies in corrective institutional design. This paper

discusses the institutional issues involved in establishing market-like mechanisms for agrobiodiversity conservation. Three steps are

highlighted in such process: demonstration (valuation), capture and sharing of conservation benefits (mechanism design). This information is

then used to examine the potential success of nascent market creation incentive mechanisms for biodiversity conservation, including: (i)

payments/rewards for ecosystem services, (ii) direct compensation payments, (iii) land use development rights, and (iv) auctions for

biodiversity conservation. The potential gains to society from their use with regard to agrobiodiversity conservation are discussed and some

illustrative examples involving their application in different parts of the world are also described.

# 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The most important anthropogenic cause of agrobiodi-

versity loss is rapid land use and land cover change (LUCC)

and the subsequent transformation of habitats (MEA, 2005).

In agricultural landscapes LUCC usually takes the form of

land development. Most land development at the landscape

level stems from the decentralized economic decisions of

economic agents, including small scale farmers, agribusi-

ness and governments at different scales. The ecological

causes and effects of such landscape transformations are

increasingly well understood and documented, especially

with regard to deforestation and desertification in develop-

ing regions (Lambin et al., 2001; Perrings and Gadgil, 2003).

In agricultural landscapes, one impact of LUCC that is

attracting increasing attention is the alteration of the flow of

ecosystem services that are mediated by biodiversity (MEA,

2005; Perrings et al., 2006). This has significant implications

for biodiversity conservation strategies in agroecosystems.

Agrobiodiversity is not a fixed asset that every person

experiences similarly. Since it is experienced contextually, it

is socially constructed (Rodrı́guez et al., 2006). There are

differences in the way that social groups identify and value

biodiversity-based services. Nevertheless, agrobiodiversity

change can be seen as an investment/disinvestment decision

made in the context of a certain set of preferences, ‘value

systems’, moral structures, endowments, information,

technological possibilities, and social, cultural and institu-

tional conditions. An important starting point for science is

therefore to understand how (a) biodiversity supports the

production of ecosystem services, and (b) those services are

valued by different social groups.

From an economic perspective, biodiversity change is

most obviously a problem wherever it yields negative net

benefits. More generally, it is a problem wherever it is
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socially inefficient (given social distributional priorities). In

most cases, this reflects market failures that are due to the

existence of externalities (incomplete property rights) and

the public-good nature of conservation. That is, there exists a

wedge between individual agents’ perceived net benefits

from LUCC actions and those realized by the community

that is affected by those same actions (Swanson, 1998;

Perrings, 2001; MEA, 2005). Part of the problem in

understanding the social value of biodiversity change is that

while some of the opportunity costs of conservation or

foregone benefits from land development are easily

identified, there remain important gaps in the understanding

both the on- and off-farm benefits of agrobiodiversity

conservation.

In many cases a preservation-centred strategy that

involves allocating valuable resources (e.g. land) towards

maximum in situ biodiversity conservation will not be

socially efficient. The cost, in terms of the foregone food and

fibre production, of allocating an additional hectare of land

for conservation, may be larger than the additional

conservation benefits. The ‘optimal’ intensification debate

reflects this fact (Green et al., 2005). Such a debate would be

enriched if scientists were able to identify the complex

relationships between land management options, biodiver-

sity impacts, changes in ecological services and their values

(Perrings et al., 2006).

LUCC and concomitant agrobiodiversity effects depend

on the social, economic and institutional conditions that frame

economic agents’ decisions. In this context, institutions

encompass formal rules (e.g. laws, constitutions) and

informal constraints (norms of behavior, self-imposed codes

of conduct) that govern land users’ behavior. They can also be

referred to as ‘rules in use’ (North, 1990) as the ones found in

markets. In this vein, decentralized decisions regarding the

desired level of in situ planned agrobiodiversity, e.g., crop and

livestock genetic diversity (Vandermeer and Perfecto, 1995;

Jackson et al., 2007) usually depend on conditions in the

relevant food, fuel and fiber markets (Smale et al., 2001).

Market signals affect farmers’ private land use decisions by

fixing the private net benefits of their individual actions, given

their risk aversion and rate of time preference.

One type of agrobiodiversity that is reasonably well-

understood is genetic diversity of cultivars and breeds

(Smale et al., 2001). Since the social insurance benefits of

higher levels of crop genetic diversity are not rewarded in

many current markets, farmers have little private incentive to

conserve genetic diversity (Perrings, 2001). The most

profitable decision is frequently to grow only a few crop

varieties, and not to invest in conservation of the varieties

that are less ‘favored’ by the market.

The problem, in this case, lies both in the public good

nature of conservation, and the fact that there are no markets

for off-site ecosystem services that depend on on-farm

agrobiodiversity. A good is catalogued as public if it does not

exhibit rivalry and excludability characteristics. Biodiversity

is non-rival as one individual’s use of biodiversity does not

affect another individual’s use of it, i.e., individuals can be

equally satisfied simultaneously by the fact that biodiversity is

conserved. It is generally non-excludable because it is

impossible or very difficult to exclude or prevent someone

from benefiting from its conservation. In the case of genetic

diversity, farmers who maintain in situ crop genetic diversity

are essentially conserving a global public good and thus they

can be seen as net-subsidizers of modern agriculture and food

consumers worldwide. However, global institutions are not in

place to provide compensation for generating such global

benefits. Indeed, one reason for the profitability of modern

specialized agriculture is that it is free-riding on those farmers

who are investing in such genetic diversity. The net result is

that global crop genetic diversity is being rapidly reduced,

since the custodians of the global genetic portfolio are

uncompensated by current international markets, and there

are no corrective policies or mechanisms in place. For other

types of agrobiodiversity, e.g., at the community and

landscape level, the situation is even more complex because

inventories and functions are so much more difficult to assess.

The fundamental causes of agrobiodiversity loss, there-

fore, lie in the institutional or meso-economic environment

that mediates farmers’ decentralized decisions. This paper

discusses such institutional (meso-economic) dimensions of

in situ agrobiodiversity change in the context of a framework

that identifies: (i) the forces at play at the microeconomic

(farm economy) and meso-economic (market/institutional)

level leading to (dis)investment in biodiversity within

agricultural landscapes, and (ii) the economic consequences

of biodiversity change at the individual and social level. This

allows us to discuss mechanisms that can help align the

social and private values of biodiversity conservation.

The main focus of this paper is agrobiodiversity and its

effects on the multiple services that agriculture provides to

society, especially those related to the provision of foods and

fibers within agricultural landscapes. The impacts of

agriculture on wild species without apparent agricultural

value, their habitats, and their contribution to other non-

agriculturally related ecosystem services are not empha-

sized. The scope is purposefully limited, and the paper is

organized as follows: The next section addresses institu-

tional failures at the micro-meso-and macro-scales. In

Section 3 we discuss the private and social value of

agrobiodiversity conservation. Section 4 then addresses the

two main stages in market creation: capture and sharing of

conservation benefits. We consider various nascent and

potentially fruitful incentive mechanisms that can re-create

decentralized markets to foster agrobiodiversity conserva-

tion. A final section recapitulates the main points and draws

out the implications for the conservation of agrobiodiversity.

2. The drivers of agrobiodiversity change

Farmers’ agrobiodiversity choices reflect a number of

factors aside from market prices, including the social,
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political and cultural conditions in which they operate.

These are generally exogenous to the farmers’ own decisions

(Lambin et al., 2001), but are strongly influenced by policy

at the national and international levels. The problem we

consider is the interaction between micro-economic

(decentralized) farmers’ decisions and meso- and macro-

economic/institutional factors.

At the micro-scale, the household, family farm or agri-

business constitutes an institution itself with its own

behavioural ‘rules’ that impinge on LUCC decisions. In

the case of farm households if the internal rules are such that

there is intra-household gender discrimination, the species to

be conserved may be determined by gender dominance. In

many African drylands, for example, women favor planting

for fuelwood and men for fruit trees, because it is the women

who tend to collect fuelwood, while men control cash

income generated by selling fruit in the market. This helps to

explain why, even as the sources of fuelwood continue to

recede in many African countries, fruit trees are often

planted (Dasgupta, 2000). This is an example of institutional

failure at the household level.

At the macroeconomic level, institutional or policy

failures are often more evident and their effects more far-

reaching. Macro-economic institutions include both national

and international policies. Many of these affect the

incentives facing individual farmers. One clear example

of institutional failure at the macroeconomic level lie in the

perverse agricultural production subsidies, tax breaks and

price controls that not only make a biodiversity-based

agriculture uncompetitive, but that have systematically

distorted farm-level decisions in both developed and

developing countries for decades (Tilman et al., 2002). At

the beginning of the century, subsidies paid to the

agricultural sectors of OECD countries averaged over

US$ 324 billion annually (about one third the global value of

agricultural products in 2000) (Pearce, 1999).

Consider the following illustrative examples from Sudan

(Barbier, 2000) and Indonesia (Tomich et al., 2001). Barbier

(2000) analyzed the impact of distortionary macroeconomic

price policies affecting the ‘gum arabic’ (Acacia senegal)

agroforestry system in Sudan. It is planted in bush-fallow

rotation and intercropping farming systems. The gum

produced by the tree is traditionally exported for manu-

facturing industries. Additionally, A. senegal provides

ecological services such as the provision of fodder for

livestock, fuelwood and it offers an important regulatory

ecological function against desertification, as it serves as a

wind break for dune fixation. Indeed, given the potentially

high financial returns to the gum arabic coupled with its

important environmental benefits, this land use system seem

to be ideal in arid regions. But as Barbier (2000) notes, in

recent decades, macroeconomic policies by the Sudanese

government, largely based on distortionary (overvalued)

exchange rates and export policies, e.g., high export taxes,

have meant that the rate of return to farmers for producing

gum arabic has declined relative to its alternative

competitive annual cash-crops, i.e., sesame and groundnuts,

and even to staple crops such as sorghum and millet. This is a

compelling reason for farmers to disinvest in gum arabic

stands in agroforests.

Tomich et al. (2001) reported that research into rubber

agroforestry systems shows that extensively managed

agroforests provide greater biodiversity benefits than

intensive rubber tree plantations, but that at the current

real producer price of rubber, relative to the minimum wage

rate, returns to farm labor are 70% higher in intensive

plantation systems than agroforestry. Once distortionary

prices, including tax and subsides for rubber production, are

eliminated, however, labor returns to rubber production in

extensive agroforestry systems outweigh its alternative

plantation returns by 30%.

Other important macro-level institutions that affect both

micro-and meso-economic institutional contexts include

the intergovernmental organizations (World Bank, Inter-

national Monetary Fund, United Nations Development

Programme) and international agreements (the General

Agreement on Tariffs and Trade, the Sanitary and

Phytosanitary Agreement, and the International Plant

protection Convention). In some cases, they affect

agrobiodiversity by limiting the choice of management

strategy or technology used by farmers. In others, they work

by encouraging the diffusion of new technologies or by

dispersing new crop varieties, bio-control agents, pests and

pathogens (Perrings, 2005). As in the case of direct

subsidies, these indirect influences on farmers’ decisions

change the private returns on farm investments, often in

ways that discourage agrobiodiversity conservation.

Amongst other effects of the incentives offered directly

and indirectly by such institutions are the loss of forest and

wetland habitat, the devegetation of watersheds, the loss of

soil and aquatic biodiversity through the application of

pesticides, nitrogen and phosphorous, the depletion of many

beneficial pollinators and pest predators (Scherr and

McNeely, in press), and the introduction of invasive species

(Mooney et al., 2005).

The solution is to ‘fix’ these incentives – to realign the

mismatch between the private interests of farmers and those

of society at large – although markets do not operate in a

vacuum. Their operation relies on other supporting

institutions including those that shape the regulatory

environment. Hence, correcting for market failures is a

necessary but not sufficient condition for readdressing

agrobiodiversity loss. Investing in adequate (effective, stable

and resilient) institutions that allow markets to operate is

also necessary to create favourable conditions that can lead

farmers to further invest in biodiversity conservation in a

decentralized and voluntary fashion.

An additional problem is that biodiversity is a public

good, and as with other public goods, will be underprovided

if left to the market. Even if relative prices were fixed to

reflect the social opportunity cost of biodiversity, there

would still be an incentive to free ride on the conservation

U. Pascual, C. Perrings / Agriculture, Ecosystems and Environment 121 (2007) 256–268258
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efforts of others. Nevertheless, it is clear that correcting

many of the perverse incentives facing farmers requires that

the policy maker understands the value of agrobiodiversity.

It is important, therefore, to link the process of valuation

with the creation of new effective and efficient institutions

for conservation. At the same time, it is important that the

valuation of biodiversity is linked to the delivery of

appropriate incentives to farmers. For example, the benefits

to peasant households from conserving off-farm agrobio-

diversity in forest margins needs to cover the costs in terms

of foregone timber extraction revenues or the income that

could accrue by converting such forest land to agricultural

production for food security.

Economic valuation and the development of markets for

biodiversity are potentially effective providing that they

achieve (i) demonstration, (ii) capture, and (iii) sharing of

biodiversity benefits especially taking into account the

communities that face the opportunity costs of conservation

(OECD, 2005). Demonstration refers to the identification

and measurement of biodiversity values as the benefits from

conserving it may not always be evident. It is the exercise of

identifying the valuation pathways. This is a non-trivial task

and much research is still needed (Opschoor, 1999; Jackson

et al., 2007).

Capture, in turn, is the process of appropriating the

demonstrated and measured biodiversity values in order to

provide incentives for its conservation. This is achieved by

regulations and markets to allow for such values to be made

explicit and channelled from the beneficiaries (society as

demander) to those who bear the cost of conservation

(farmers as suppliers). For example, a niche market for

‘biodiversity-friendly’ products would channel the reven-

ues to those farmers that certify the production of such

‘green’ outputs in order to compensate them for the

foregone higher earnings from a privately more rewarding

alternative land-use. The market, in this case, may

internalise the biodiversity values through price premiums

creating positive incentives towards biodiversity conserva-

tion decisions.

Lastly, effectiveness ultimately depends on whether the

benefits of the provision of the public good (conservation of

biodiversity) are distributed to those who ultimately bear

the costs of conservation. Following the above example, the

price premium of the certified biodiversity-friendly

products would need to be channelled back to the producers.

This is not a trivial task, as often a disproportionate part of

price premium can be off-channelled to traders and

middlemen (Bacon, 2005). At a global level, another

example is that of the free-prior consent and benefit sharing

agreement clauses imposed by the UN Convention of

Biological Diversity with regard to bioprospection endea-

vours regarding plant genetic resources (ten Kate and Laird,

1999), This necessitates to effectively assert the property of

bioresources and genetic resources in particular to the

source country (c.f. UNCBD Article 15: Access to Genetic

Resources).

3. Understanding the social value of agrobiodiversity

To demonstrate the value of agrobiodiversity, science can

assist in (i) assessing the functional role of species in their

crop- and non-crop habitats, (ii) identifying the biotic and

abiotic components of agroecosystem structures that support

the provision of ecological services at the landscape level

and, (iii) assessing the contribution of such ecological

functions to human wellbeing. The challenge is to translate

such ecological interdependencies into tangible ecological

services that can be valued from an anthropocentric

perspective (Perrings et al., 2006). Here we address some

of these complex issues by providing a conceptual frame-

work of the links between agrobiodiversity as a stock (S), the

provision of flows of ecosystem services (F), and the ‘total

economic value’ (V) that this generates to society.

Fig. 1 illustrates such linkages in stylized way. It also

shows the links between values, wellbeing at both individual

and social levels. Since existing markets fail to align the

social and private values of agrobiodiversity through LUCC,

policies are needed to correct for such market failure. A

feedback loop exists between policies, LUCC and agrobio-

diversity at the landscape level. The dotted arrows represent

links that are difficult to appreciate and that need to be

further investigated.

3.1. The direct ‘instrumental value’ of agrobiodiversity

Managed on-farm biodiversity can be represented as a

stock or economic asset (S1). The asset represents the mix of

species and communities that supply a flow of ecological

services on-farm (F1) that can directly benefit farmers by

maintaining or enhancing agricultural productivity. This is

achieved, for example, by the control of on-farm destructive

biota, such as weeds, insect pests and microbial pathogens

(Swift and Anderson, 1993).

When on-farm biodiversity supports the productivity of

crops by enhancing yields or substituting for the use of

purchased capital inputs, such as pesticides, such biodi-

versity has an instrumental or ‘use-value’ for farmers (V1).

Usually, V1 is more apparent and relatively more important

in small-scale farming in resource-poor areas where access

to capital inputs (e.g. irrigation and agrochemicals) is

constrained, and where biodiversity is often managed to

regulate pest and diseases, soil formation and nutrient

recycling (Altieri, 1999). An example is that of the meso-

American shifting cultivation ‘milpa’ system in which

maize/squash/bean polycultures are more stable than

monocultures (Altieri, 1999). This is reflected in the

S1�F1�V1 link in Fig. 1. If farmers are able to conserve

such biodiversity, and if this permits them to stabilize and

enhance agricultural income (V1), then this strategy can be

viewed as sustainable (Conway, 1993).

Different crop mixes at the plot level and the diversity of

uncoordinated individual agricultural management strate-

gies creates a mosaic of agrobiodiversity at the landscape

U. Pascual, C. Perrings / Agriculture, Ecosystems and Environment 121 (2007) 256–268 259
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level. In this process, there are effects of changes in on-farm

planned biodiversity (S1) on off-farm functional diversity

(S2) at the landscape level. For example, the amalgamation

of agricultural fields tend to produce homogeneous farmed

landscapes leaving only a fragmented non-crop habitat that

affects both the off-farm functional (S2) and associated (S3)

diversity (Bélanger and Grenier, 2002; Benton et al., 2002;

Tscharntke et al., 2005). We refer to this as a downward (or

forward) biodiversity effect that links decentralized farmers’

decisions and landscape level agrobiodiversity. This

relationship is depicted in Fig. 1 with the dotted arrows

DS1–S2 and by DS1–S3. The ecological-economic problem is

to identify the mosaic of connected habitats that best

supports both farm production (F1) and its value to farmers

(V1) and the supply of off-farm ecosystem services (F2 and

F3) that support off-farm values (V2 and V3).

There are also upstream (or backward) biodiversity

effects. There is increasing evidence of the positive effect

of off-farm biodiversity on on-farm productivity. Often this

is associated with off-farm landscape level generalist

species (S2) that provide pollination and biological control

services against pests and invasive species. This is depicted

by the dotted arrow UF2�V1. In this case, the flow of

ecological services provided by off-farm functional species

(S2) generates an indirect use value to farmers—it can

provide financial savings to farmers. For example, Kremen

et al. (2002) show that more intensive agricultural land

management relative to less intensive systems, such as

U. Pascual, C. Perrings / Agriculture, Ecosystems and Environment 121 (2007) 256–268260

Fig. 1. A stylized framework of the linkages between biodiversity levels (stocks, S), flows of ecological services (F) and economic values (V) in agricultural

landscapes leading to LUCC and policies that aim at aligning the private and social values of agrobiodiversity. The ecological system governing the interaction

between on- and off-farm biodiversity stocks within agricultural landscapes provides flow of ecological services that benefits individual land users and society as

a whole in different ways. Individual land users compare the directly perceived benefits of conservation and the opportunity costs to decide on their privately

(decentralized) optimal land use and the level of (dis)investment in biodiversity. This in turn affects social wellbeing and policies are sought to change such

perceived net benefits.
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organic farming, increases the cost of pollination to

farmers. In another study, Ricketts et al. (2004) estimate

the economic cost of the reduction of pollination services

originating from off-farm forest habitats to coffee produc-

tion in a Costa Rican farm to be in the order of US$ 60,000/

year. This would be an approximate figure as neither of

these studies considers the increased income generated by

converting the neighboring forest habitat to agriculture.

Similarly, the loss of off-farm pollinators and pest-

predators increases the cost to farmers of pest and disease

control (Symondson et al., 2002). At the same time, habitat

fragmentation increases the risk of invasion by unwanted

destructive off-farm species at the landscape level (Östman

et al., 2003; Perrings, 2005).

Finally, we should note that transboundary landscape

effects also affect upstream linkages (depicted by the dotted

arrow UF3�V1). Off-farm biodiversity at regional and even

global scales can affect the long run productivity of local

agricultural systems. One well known example is the

relationship between the diversity of insectivorous birds,

some of which migrate from tropical forests in Latin

America to Canadian boreal forests, and which help to

regulate the productivity of forest stands by controlling the

destructive population of spruce budworms (Choristoneura

fumiferana) (Holling, 1988).

3.2. The indirect use value of agrobiodiversity: the

insurance hypothesis

While economists have long been aware that biodiversity

has an ‘indirect’ value through the provision of regulating

ecosystem services (Barbier, 1989), there have been few

attempts to estimate this value for particular systems. Within

the present framework, possibly the most important value of

off-farm functional diversity (S2) stems from its role as an

insurance mechanism (F2) (Folke et al., 1996; Loreau et al.,

2002; Baumgärtner, submitted).

Ecologists argue that over small scales (e.g. the crop-field

level) an increase in on-farm species richness and the

diversity of overlapping functional groups of species

enhances the level of functional diversity, which, in turn,

increases ecological stability (Tilman et al., 1996) and

resilience (sensu Holling, 1988, 1996). In this sense,

resilience refers to the size of perturbation that is required

to transform a system from one state to a different state, and

is frequently increasing in the number of species that are

apparently ‘redundant’ under one set of environmental

conditions, but that perform important functions under

different environmental conditions (Holling, 1988; Peterson

et al., 1998). Further, following Carpenter et al. (2001),

resilience of an adaptative agro-ecosystem would be

determined primarily by: (i) the amount of disturbance that

the system can absorb and still remain within the same state

or domain of attraction, (ii) the degree to which the system is

capable of self-organization, versus the lack of organization,

or organization forced by external factors, and (iii) the

degree to which the system can build and increase the

capacity for learning and adaptation.

For instance, in biodiversity-poor intensive agricultural

systems that depend on increasing use of artificial inputs, the

agricultural system can be locked into a narrow range of

agricultural technologies. At one level this can make the

system more stable in the sense that there is less variation in

the producer’s economic activities following minor pertur-

bations, but conversely, it may also reduce the capacity of

that system to absorb greater environmental or economic

shocks, such as sudden and unexpected commodity price

changes. By eliminating options towards productive

diversification, a reduction in agrobiodiversity may also

lock farmers into obsolete agricultural technologies (Per-

rings, 1998).

It follows that maintaining a wider portfolio of

technological and natural resource-based options in agri-

cultural systems is likely to maintain or enhance the capacity

to respond to short-run shocks and stresses in constructive

and creative ways. Various recent studies have analyzed the

contribution of crop diversity to the mean and variance of

agricultural yields and farm income (Smale et al., 1998;

Schläpfer et al., 2002; Widawsky and Rozelle, 1998; Di

Falco and Perrings, 2003, 2005; Birol et al., 2006). One main

conjecture is that risk averse farmers use crop diversity in

order to hedge their production and income risks, especially

when affected by changing market conditions. Hence, off-

farm biodiversity through its insurance mechanism (F2) can

provide an important insurance value to farmers (F2�V2)

and productivity enhancing services (this is a backward

linkage, UF2�V1). To the individual farmer, however, the

insurance effect may not generally be enough to justify

conservation when there is ample access to improved

artificial capital inputs, e.g., fertilizers, improved seeds, etc.

The insurance value is thus better perceived and exploited in

agricultural landscapes that are mainly associated with

agroforestry and agroecological production systems. In

addition, the insurance value can be associated with the idea

of ‘option value’, reflected in the important efforts to

maintain ex situ genetic resource conservation (Jackson

et al., 2007).

3.3. The infrastructure value of agrobiodiversity

Similarly, while there has been recognition of the value of

biodiversity in underpinning ecosystem functioning and

processes which is sometimes referred to as ‘primary’

(Turner and Pearce, 1993), ‘infrastructure’ (Costanza et al.,

1997) or ‘contributory’ (Norton, 1986) value, there have

been few attempts to estimate this. This is partly due to the

difficulty of capturing the interaction between species, and

more generally the functional links between on-and off-farm

biodiversity.

Economists first modeled this by assigning species the

status of ‘intermediate inputs’ (Crocker and Tschirhart,

1992) due to their role in supporting more directly other

U. Pascual, C. Perrings / Agriculture, Ecosystems and Environment 121 (2007) 256–268 261
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productivity-enhancing species. The same idea can be

generalized to say that species have value deriving from their

indirect role in the production of valuable goods and services

that is conditional on the state of the environment. So, for

example, the derived value of members of a functional group

of species, each of which performs differently in different

environmental conditions, will vary with those conditions.

Species that appear to be redundant in some conditions, will

still have value depending on the likelihood that the

conditions in which they do have value will occur in the

future (Loreau et al., 2002). This translates easily into the

idea that the cost of species deletion becomes the cost of the

alternative ways of securing the same productivity outcome,

as long as those species contribute to the productivity of the

agricultural ecosystem.

Lastly, it should also be pointed out that besides

biodiversity’s effect on productivity (F1) and stability/

resilience (F2), associated off-farm biodiversity (S3) can

also provide other benefits to society, e.g., cultural and

recreational (F3). For instance, in industrialized countries

where natural habitats are scarce, there are important

landscape values of farmland (V3), that typically consist of

the benefits derived from the scenic beauty generated by a

rural landscape such as, open fields, orchards, and herds of

livestock grazing in green meadows (OECD, 1993; Cobb

et al., 1999). The implication of the realization of such

values in the European Union, for example, has spurred

renewed emphasis on the role of multifunctional agriculture

to secure such recreational and non-instrumental social

values and has provided impetus for the design and

implementation of novel agri-environmental policies

(Hodge, 2000).

4. From demonstration to capturing and sharing the

benefits of agrobiodiversity conservation

There are compelling reasons to devise and implement

incentive mechanisms for agrobiodiversity conservation.

Incentives can be categorised into two main groups: (i)

moral suasion, regulation and planning, e.g. by preventing

specific land management practices or by designating

conservation zones within agricultural landscapes, known

as agroecological ‘no take’ zones resembling nature reserves

and parks, and (ii) market creation for agrobiodiversity

conservation given the power of decentralised land use

decisions.

Market creation stems from a simple but powerful idea,

i.e., markets can be devised to signal the opportunity cost to

local land users of agricultural practices that affect

agrobiodiversity either positively or negatively. Ideally,

such incentives need to address the above mentioned

forward and backward agrobiodiversity linkages and, thus,

work at the landscape level. But this implies that such

incentives may affect the livelihoods of large numbers of

farmers. This adds a further layer of responsibility to public

agencies to be aware of the distributional implications of

alternative incentive measures.

Markets can take different forms. One is for interested

‘buyers’ such as firms and NGOs to purchase land use rights

or permits. For instance once a logging permit is obtained, a

conservation NGO may decide not to extract timber but

instead to conserve the land for its biodiversity. More

specifically, within agricultural landscapes ‘use rights’

include rights of access to particular biological resources,

e.g., game, fish and non timber forest products, or other

goods and services that may be associated with biodiversity,

such as those associated with organic agricultural products.

Land use rights are currently being extended to enable

voluntary contractual arrangements between farmers and

off-farm users of ecosystem services that are affected by

actual farm management. Here we discuss the potential of

using markets in conjunction with land use rights for

agrobiodiversity conservation at the landscape level focus-

ing on various relatively nascent mechanisms that allow the

capture and distribution of conservation values: (i) ‘Pay-

ments/Rewards for Environmental Services’, P(R)ES, (ii)

Direct Compensation Payments, (iii) Transferable Devel-

opment Rights (TDRs), and (iv) Auction Contracts for

Conservation (ACCs).

4.1. Payments/rewards for environmental services

P(R)ES are voluntary transactions, not necessarily of a

financial nature, in the form of compensation flows for a

well-defined environmental service (ES), or land use likely

to secure it. The notion of ‘rewards’ is used to acknowledge

that transactions from beneficiaries to providers may not

need to be based on a financial flow. It can also involve in-

kind transactions that may include a myriad of valuable

goods and services from the beneficiaries point of view,

which can take intangible forms in diverse situations, such as

knowledge transfer. P(R)ES is paid/rewarded by the

beneficiaries and shared by the providers of the ES after

eventually securing such compensation. The latter con-

ditionality element frames such schemes under the ‘Provider

Gets Principle’ (Hodge, 2000).

P(R)ES are often designed to address problems related to

the decline in some environmental services, such as the

provision of water, soil conservation and carbon sequestra-

tion by upland farmers who manage forest-lands in upper

watersheds. In essence, such compensations are intended to

internalize the positive externalities generated by upland

farmers who can maintain the flow of valuable services that

benefit lowland farmers or urban dwellers. However, a key

obstacle in the successful implementation of PE(R)S arises

at the value ‘demonstration’ stage, especially due to the

scientific uncertainties underpinning the linkages between

alternative land uses and the provision of the targeted

environmental services.

Regarding the effectiveness of the capture and sharing of

the benefits, recent evidence identifies various necessary
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conditions, including the need: (i) to clarify the level of

excludability and rivalry of such ES by beneficiaries and

providers, (ii) of a sufficient demand or aggregate ‘will-

ingness to pay’ for such services by the potential

beneficiaries, (iii) to delineate and enforce property rights

surrounding land use and ES, and (iv) of investments in

social capital to foster collective action and cohesion

between the providers and beneficiaries of ES (Pagiola et al.,

2004; Rosa et al., 2004; Tomich et al., 2004; Wunder, 2005;

van Noordwijk et al., 2005). Note that property rights

regimes in natural resource management comprise a

structure of rights to resources, rules under which those

rights are exercised, and duties bound by both those who

possess the right(s) and those who do not. As Bromley

(1991, pp. 2) puts it, ‘‘[p]roperty is not an object but rather is

a social relation that defines the property holder with respect

to something of value. . . against all others.’’ In this context,

Costa Rica is one of the few examples where an elaborate,

nationwide PES program is in place. Under this program

only farmers with property rights to land can be paid for the

environmental conservation they provide (Pagiola, 2002).

A recent illustrative example of the potential effective-

ness and flexibility of P(R)ES programs is that of RUPES

approach: Rewarding Upland Poor for Environmental

Services. The RUPES partnership of the International Fund

for Agricultural Development (IFAD), the World Agrofor-

estry Centre (ICRAF) and a partnership of local, national

and international partners.1 RUPES aims to conserve

environmental services at the global and local levels while

at the same time support the livelihoods of the upland poor in

Asia. So far, the main focus has been on Nepal, Philippines

and Indonesia and the environmental services mostly

include water flow and quality from watersheds, biodiversity

protection and carbon sequestration. Regarding, the demon-

stration, capture and sharing of benefits, the preliminary

learning stock from the ongoing various RUPES experi-

ences, include the following (van Noordwijk et al., 2005):

(i) Demonstrating values through scientific evidence of

the link between ES and benefits under various land

practices: In one RUPES site, Lake Singkarak in

Sumatra, Indonesia, a major conclusion from an

hydrological assessment conducted by ICRAF has

been that reforesting the watershed may not signifi-

cantly change the water inflows into the lake, which is

originally what the local hydro-electrical company (the

local ES buyer) is most interested in. This has implied

questioning the (a priori) rationale for rewarding

reforestation initiatives. Instead, the appraisal has

identified water quality in the lake and the multiple

sources of pollution as more important issues that

would benefit both the hydro-electrical company and

the local communities within the watershed.

(ii) Capturing benefits by identifying the potential bene-

ficiaries/buyers: The RUPES experience is showing

that localized buyers are more easily identifiable for

effective partnership than regional or even global

buyers. This implies that besides water conservation

services, which may be more tangible for potential

local buyers such as hydropower companies, biodi-

versity conservation and/or carbon sequestration pose

more challenges given the difficulty to quantify the

values that may justify a payment/reward for their

sustained provision. In addition, identifying the

providers of such services is also more elusive, due

to their global public nature.

(iii) Sharing benefits by creating an enabling environment

for sustaining the ES agreements by identifying

potential institutional constraints: In this case, RUPES

acknowledges that both property rights, especially

when de facto (non de jure) rights for resource control

are prevalent, and social capital, which helps to foster

collective action at the local community level, are the

two foremost important enabling factors.

4.2. Direct compensation payments (DCP)

A variant of P(R)ES, is the approach based on direct

compensation payments (DCP) for ‘takings’ of landowners’

private land out of production and into conservation (Swart,

2003). While theoretically sound in principle, there are

important issues to be considered. First, similar to other

incentive mechanisms, the identification of the level of the

efficient compensation payments to landowners requires the

demonstration of an objective measure of its conservation

value on both biological and economic grounds. Second, the

change in decentralised behaviour needs to be sustained into

the future which requires longer term political commitment.

Third, there is a more subtle but more problematic issue at

play. It involves the existence of asymmetric information

between landowners and the compensating government

agency. This informational problem can create perverse

incentives that reduce the effectiveness of the compensation

mechanism (Innes et al., 1998). For instance, if landowners

expect a compensation payment which is lower than the

present value of the benefit stream arising from developing

the land holding, they have a motive to develop their

holdings in the ‘first period’, i.e., before being compensated

in a subsequent period. This would have potentially negative

effects on biodiversity conservation. But from the land-

owners’ viewpoint, it reduces the risk of losing the land

through the government’s ‘takings’ for conservation

purposes.

Furthermore, even when the exact compensation is

foreseen by landowners, that is, the compensation coincides

with the foregone expected agricultural revenues, they may

still have the incentive to develop their land further by over-

investing, e.g. added intensification, before any compensa-

tion is offered. This is because the market value of their
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property may increase due to such investments and such

market value is what the government is guaranteeing as full

compensation.

Thus, landowners’ strategic behaviour exploiting existing

information asymmetries, can seriously undermine the

effectiveness of DCP mechanisms. One solution would be

to offer relatively high (more than full) compensation to

owners of underdeveloped (and hence biodiversity richer)

land property compared to over-developed property owners

as this counters the perverse intensification strategy through

overinvestment. However, as Innes et al. (1998) note this

strategy could significantly increase the public implementa-

tion bill, thus undermining its attractiveness from a cost-

efficiency perspective.

4.3. Transferable development rights (TDR)

An interesting and cost-effective way to resolve the

perverse incentives arising from DCPs is the use of

transferable (land) development rights (TDR). TDR extend

the longstanding ‘agro-ecological zoning’ schemes, which

aim to direct development to areas of high productivity

potential and to restrict agricultural land use in ecologically

significant and sensitive areas. However, such zoning

programs do not allow for any substitutability between

plots in meeting overall conservation goals. By providing a

market-like alternative to the DCPs, flexibility in achieving

conservation goals can be introduced. In this vein, the main

advantage of TDR is that it can, in principle, encourage

conservation on lands with low agricultural opportunity

costs, while providing appropriate incentives to the affected

landholders (Panayotou, 1994; Chomitz, 1999).

In contrast to DCP, each landowner is issued tradable

development permits by the government agency at an initial

period. Subsequently, landowners hold the right to either

develop/intensify their land holding. However, to develop

that fraction of land a landowner needs to either use of one of

the development permits (s)he holds or buy it from other

landowners, who upon selling it can no longer develop their

land fraction and instead must give it up for conservation. In

this case, the government can share the cost of the ‘takings’,

i.e., compulsory government land acquisition, with the

landowners themselves.

Two main types of TDR programs exist at the landscape

level: the single and dual zoning program. The former is

similar to permit systems such as those used in transferable

fishing quotas or pollution control. After the initial

allocation of quotas, anyone within the program area may

buy or sell the permits. An application of this type of such

TDRs program has been used to control soil degradation

through erosion in the Lake Tahoe Basin (Johnston and

Madison, 1997). The dual zone system instead explicitly

designates both (permit) sending and receiving areas. This

allows, for example, for new land use restrictions to be

imposed on the sending zone that is more ecologically

sensitive, upon obtaining additional information about its

higher conservation value and assigning TDRs to compen-

sate for such additional restrictions. Usually, tight restric-

tions are also imposed on the receiving zone so as to increase

the demand for TDRs (Chomitz, 1999).

One of the forerunners of the TDR mechanism is Brazil.

While some initiatives have been proposed, the implemen-

tation is still under discussion. The basic idea is to give the

opportunity for Brazilian agricultural land owners not

complying with the National Forest Code (Law number

4771 approved on 15th September 1965) to buy forest

reserves in other areas, normally in close proximity to his/

her property. However, a fully operational market for forest

reserves is still to be implemented. Two examples are the

National Provisionary Measure (Medida Provisória, Num-

ber 21666-67, approved on 24th August 2001), which

amends the Forest Code and in the State of Sao Paulo (State

Decree number 50889, approved on 16th June 2006).

For agrobiodiversity conservation, the effectiveness of

the TDR scheme relies on whether the objective is to

conserve certain habitats within the landscape due to having

unique biodiversity characteristics, or if larger tracks of

contiguous habitats are necessary for off-farm biodiversity.

When the landscape is highly homogeneous, and the goal is

to conserve a specified ‘amount’ of habitat within the

landscape, regardless of its configuration, a single zone

system may be more appropriate.

While there is a theoretically attractive incentive

mechanism, few rural TDR programs exist. This is possibly

due to the political barriers. In fact, as with any tradable

permit scheme, the initial allocation of permits is a sensitive

issue that may have large distributional consequences

(Chomitz, 1999). In addition, transaction costs also need to

be taken into account as setting up TDRs may involve

substantial administrative and legal (monitoring and

enforcement) costs.

4.4. Auction contracts for conservation (ACCs)

One other way to achieve a desired level of supply of

agrobiodiversity conservation at the landscape level by

private landowners is by applying a competitive bidding or

auction mechanism. An auction is a quasi-market institution

with an interesting feature, i.e.: It has a ‘cost revealing’

advantage compared to P(R)ES and DCP and can, in

principle, be incorporated into a TDR system. In fact, the

cost-revelation feature provides an edge to generate important

cost savings to governments. This is especially so when

significant information asymmetry between farmers and

conservation agencies exist regarding (i) the real opportunity

cost of conservation and (ii) the ecological significance of the

natural assets existing in farmlands. While the former is often

better known by farmers themselves, the latter is normally

better known by environmental experts (Latacz-Lohmann and

van der Hamsvoort, 1997). As discussed above, such

information asymmetries become a potent reason for missing

agrobiodiversity conservation markets. The idea is to use
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auctions to reveal the hidden information needed to recreate

voluntary conservation contracts between landholders and the

government.

In essence, landholders submit bids to win conservation

contracts from the government. But, while the latter prefers

low bids, landowners need to submit bids that at least cover

the opportunity cost of carrying out conservation activities in

their farms. The problem is that information of such

opportunity costs are often better known by farmers than by

the government and they are also likely to be farmer-

specific.

Stoneham et al. (2007) provides a recent small scale pilot

case-study of an auctioning system for biodiversity

conservation contracts in Victoria, Australia, known as

BushTender. The ACC involved 98 farmers from which 75%

obtained government contracts to conserve remnant

vegetation in their farms, after all farmers submitted sealed

bids associated with their nominated conservation action

plans. The selection of the farmers who won the contract was

based on ranking the relative cost-effectiveness of each

proposed contract. This involved weighting each private bid

against the associated potential ecological impacts at the

landscape level. Given a public budget of US$ 400,000,

contracts with bids that averaged about US$ 4600, were

allocated and specified in management agreements over a 3-

year period. In total the contracts covered 3160 ha of habitat

on private land.

Stoneham et al. (2007) have estimated that the

BushTender mechanism has provided 75% more biodiver-

sity conservation compared to a fixed-price payment scheme

(or DCP). In addition, they contend that given the relatively

few enforcement costs in their pilot study, this ACC has

interesting cost-effective properties. The pilot case-study

shows that it is possible to recreate the supply side of a

market for agrobiodiversity conservation.

All P(R)ES, DCP, TDPs and ACCs share an important

characteristic for successful market creation, and that

depends on the provision of good and accurate information

at the demonstration, capture and sharing stages. If it is not

possible, or very costly, to convey clear and credible

information about the nature of the services derived from

biodiversity, then the perception by the demanders as to how

much they are willing to pay for such services would be

distorted. Moreover, it would be naı̈ve to champion market

creation for biodiversity conservation if other supporting

institutions are lacking. Furthermore, in general, if markets

for agrobiodiversity are recreated without proper institu-

tional and regulatory back-up, then the social costs of such

policies may well outweigh the benefits from conservation

(Barrett and Lybbert, 2000).

In a second-best world where information is elusive, most

policy initiatives pragmatically focus on ensuring that

institutions are developed so as to keep future options open

(Tomich et al., 2004). In fact, most conservation policies are

aiming at developing flexible and open institutions that can

mitigate the negative effects of intensification in agroeco-

systems, without foreclosing future (de)intensification

options.

5. Conclusions

In this paper we have discussed the institutional issues

involved in the creation of market-like mechanisms for

agrobiodiversity conservation. Since the causes of farmers’

decisions to ‘disinvest’ in agrobiodiversity as an asset lie in

the incentives offered by current markets and other

institutions, the solution lies in corrective institutional

design. We interpret changes in agrobiodiversity as the

product of explicit or implicit decentralised farm-level

decisions whose effects include both farm and landscape

level changes in a range of ecosystem services. The solution

is to develop mechanisms that provide a different set of

incentives.

We close with two observations. The first is that the

importance of interdisciplinary research on biodiversity in

both traditional and modern agro-ecosystems is recognized

as a prerequisite for the development of more effective

agrobiodiversity conservation regimes (Jackson et al., 2005;

Perrings et al., 2006). In order to evaluate the social

consequences of agricultural practices that cause the local

extirpation of species, the fragmentation of habitats or the

change in the relative abundance of species, we need to

better understand three interconnected aspects: (i) the role of

biodiversity in agroecosystem functioning and processes,

(ii) the way that changes in functioning and processes affect

ecosystem services, and (iii) the impact of changes in

services on the production of goods and services that are

directly valued by people on- and off-agricultural land-

scapes.

The sustainability of agricultural landscapes may involve

a continuum of existing farm management systems from

modern, intensive, mechanized, high-input, high-output

systems at one end to traditional, extensive, labor-intensive,

low-input, low-output systems at the other. Since the unit of

analysis is the landscape, it may even be possible that an

effective strategy is to have an extreme combination of

highly intensive agriculture combined with low intensively

managed areas (Green et al., 2005; Dorrough et al., 2007).

Since the effects of such strategy can be different in

landscapes that still contain wilderness areas, such in

tropical forest margins, and in already ecologically

impoverished agroecosystems, further collaborative

research between ecologists and economists is identified

as a high priority. In addition, often the alternative to

intensification frequently involves encroachment on ever

more marginal land and the destruction and fragmentation of

ever more scarce habitat. But intensification that ignores the

costs of a change in the mix of species in the system may be

even more harmful. The point is, though, that this is an

empirical question and that the research needed to identify

the optimal mosaic has yet to be done. Alongside this point
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of view is the ongoing effort to advocate in favour of a

biodiversity-based agriculture that can be managed in a way

that can still produce high yields (Jackson et al., 2007).

The second observation is that in a sector where the

impact on biodiversity is in the hands of billions of

independent land-holders, management of agrobiodiversity

by direct centralized control is not an option. What is

important is that independent decision-makers take into

account the true social costs and benefits of their actions. For

example, farmers who maintain production of drought or

disease resistant crops or livestock confer social benefits (in

terms of averting expenditures on famine relief) that are

seldom reflected in the prices they receive. Whether this

implies taxation of the high risk components or subsidy of

the low risk components depends on local circumstances and

the international trading regime. In other words, the

effectiveness of alternative mechanisms for changing

farmers’ decisions is also an empirical question. While it

may be possible to identify the social opportunity cost of

alternative farm management strategies, the best method for

inducing socially optimal behavior depends on under-

standing not just the responsiveness of farmers and

consumers, i.e., the relevant elasticities but also the role

of the social, cultural and institutional environment.

As in the European Union, in many parts of the world,

perverse subsidies are being morphed into direct compensa-

tion payments to providers of the non-marketed agrobio-

diversity services or used to convert the overhead costs of

setting up direct (e.g. DCP) or/and indirect incentive

schemes, e.g., P(R)ES, TDR and ACC. While there is

considerable advantage in removing the perverse incentive

effects of historic subsidies, few of the current agricultural

reforms are based on a serious valuation of the social

opportunity cost of agrobiodiversity loss, and fewer still

involve an appraisal of the allocative effects of the new

payment schemes. Sensible design of market-like mechan-

isms for agrobiodiversity conservation requires both.
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