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Abstract

Market based instruments are proving increasingly effective in biodiversity pro-

curement and in regulatory schemes to preserve biodiversity. The design of these

policy instruments brings together issues in auction design, contract theory, biol-

ogy, and monitoring technology. Using a mixed adverse selection, moral hazard

model, we show that optimal contract design may differ significantly between pro-

curement and regulatory policy environments.

Keywords biodiversity, procurement, adverse selection, moral hazard, contract
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CONTRACT DESIGN FOR BIODIVERSITY PROCUREMENT

The preservation of biodiversity is an objective shared by governments around

the world. Biodiversity assets are often located on private land, but provide en-

vironmental services with a strong public good element. Private landholders may

not have the incentive to manage biodiversity in a socially optimal manner, and so

governments use a range of policies to influence landholders’ behaviour. These poli-

cies include regulation to prohibit actions that endanger or deplete environmental

assets, and incentive programs to increase investment in nature conservation.

Regulation, Pigouvian taxes and simple incentive programs — such as untar-

geted subsidies — have in many cases proven to be relatively inefficient and ineffec-

tive, especially for non-point-source problems, and a range of market based schemes

have been introduced with the aim of improving economic efficiency. Examples

include tradeable emission permit schemes for Sulphur, Nitrogen and Carbon, bio-

diversity procurement auctions, and environmental offset markets such as the US

EPA’s wetlands offset program or the Victorian Bush Broker Scheme [1,5,33,35,37].

For a recent review of procurement in the context of biodiversity economics see [15].

There are three broad classifications of procurement markets for environmental

public goods: public procurement of environmental services (where the government

is the purchaser), private procurement of environmental services (where a private

developer is purchasing an offset to satisfy regulatory requirements), and markets

designed to match private buyers and sellers of offsets.
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CONTRACT DESIGN FOR BIODIVERSITY PROCUREMENT

One of the salient features of both private and public procurement programs for

non-point-source outcomes is the delegation of conservation activities to private

landholders. In these policy institutions the principal (whether the government

or a developer) faces asymmetric information problems. Adverse selection is a

problem because the principal cannot gauge the key characteristics of suppliers1 —

for example, the principal cannot gather detailed information on suppliers’ envi-

ronmental production functions, or a supplier’s opportunity costs. Moral hazard

is a problem because procurement of environmental services requires the supplier

to undertake actions and to protect a site through time, and it is difficult for the

principal to observe and monitor compliance with a contract. Because environ-

mental procurement is subject to exogenous risks (for example, drought, disease

and predators), it is critical that contract design accounts for risk as well as for

these asymmetrical information problems. Contract design (and therefore the in-

centive to comply with a contract) is fundamental to the environmental integrity

of all these policy institutions.

Contract design for environmental services has been considered by a number of

authors. Antle et al [2] discuss contracts to procure carbon sequestration services,

1The principal also has private information, for example scientific information and knowledge
of environmental stocks so we are, at least formally, dealing with an informed principal problem
[20]. However Maskin and Tirole show that in a quasilinear private values environment, which
we have here, this reduces to the standard principal agent problem. The principal’s information
affects her valuation of the purchase, but creates no additional strategic effects to be addressed
through contract design.
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CONTRACT DESIGN FOR BIODIVERSITY PROCUREMENT

and Feng et al [8] consider the design of conservation incentive schemes, but nei-

ther of these consider issues of asymmetric information or incentive compatibility.

Following the foundational contribution of Baron and Myerson [4] on regulation

under asymmetric information, there has been a steadily growing literature on op-

timal environmental policy under asymmetric information. This literature reflects

the importance of heterogeneity and highly disaggregated private information in

the environmental sector, and the fundamental constraints that these impose on

policy. Spulber [32] considers optimal quotas and taxes for a polluting industry

under asymmetric information. Smith [31] applies a model of this type to design

a least cost mechanism to retire agricultural land for environmental purposes. Wu

et al [40] study the optimal design of an input tax or subsidy in a model of joint

production of agricultural production and a pollutant. Moxey, White, Ozanne et

al [22,25,26,39] study optimal regulation of the use of an environmentally harmful

input, allowing for both adverse selection and moral hazard. Crepin [6] models

wetland procurement, and Sheriff [30] studies optimal regulation in the presence

of political constraints.

There are common features in most of these models that make them inappro-

priate to model biodiversity procurement. While adverse selection is taken into

account, these are all essentially single agent models that assume universal partici-

pation. When participation is voluntary, as is the case for environmental markets,
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the principal can maximise efficiency by contracting with low-cost agents. An

appropriate mechanism must therefore inducing truth-telling and allow selective

contracting with agents. This leads naturally to models that incorporate an op-

timal auction framework [12]. More significant is the fact that these models do

not fully address moral hazard. The actions that are procured (for example, not

collecting fallen firewood from a forest) are intrinsically difficult to observe, and

are related by complicated and indirect means to desired outcomes (for example

the presence and prevalence of certain species). Risk and uncertainty, both in

the environmental production function and in the monitoring and measurement

technology, are also important. Ozanne and White [26] put forward the model

that is of most relevance here. They allow for hidden action by the agent, which

is addressed by a random monitoring mechanism. While this is reasonable for

actions that are readily verifiable (for example acreage set aside), it appears less

relevant to biodiversity procurement where production is stochastic and actions

are intrinsically unverifiable, where a more conventional principal-agent approach,

linking rewards to outcomes rather than verifiable inputs, would seem to be more

reasonable. In the Ozanne and White model all agents face a linear incentive con-

tract with the same slope; in the more general approach as considered here they

would face a non-linear contract (which may be implemented as a type-revealing

menu of linear incentive contracts). We will be particularly concerned with how
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CONTRACT DESIGN FOR BIODIVERSITY PROCUREMENT

such a menu of contracts might vary in different policy environments. Ferarro et

al [9, 10] also emphasise the need to deal with both adverse selection and moral

hazard and the importance of risk. They do so however in only general terms,

without getting into the specifics of a model that can give practical guidance in

program design.

We thus need a mixed model, allowing for voluntary participation, multiple

agents, risky production, adverse selection and moral hazard. In this paper we

apply a version of the Laffont and Tirole [16] procurement model, modified to allow

for risk aversion. This model is very tractable, and sufficiently flexible to address

the issues that we are interested in. We examine issues that arise in the design

of contracts under different assumptions about the policy institution. The main

question that we ask is whether one can design a common type of contract that can

be used across a range of institutions (public procurement, private procurement,

procurement by a market maker in an offset market), or whether contract design

must be sensitive to the institutional framework.

In order to clarify the nature of the economic problems we first summarise what

a typical biodiversity procurement and preservation scheme looks like in practice.

We then formally address the contract design issue, and finally we discuss some

practical implications of the model in a real world design context.
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1 Biodiversity procurement

In order to establish a concrete context we will outline a typical biodiversity pro-

curement program in Victoria, Australia. We will identitify informational con-

straints and will clarify which constraints must be resolved through contract de-

sign, and which can be addressed elsewhere in the institutional design problem.

Since European settlement in the late eighteenth century there has been sub-

stantial biodiversity loss across the Australian continent. Some of Australia’s

rarest and most important temperate ecosystems — for example, extensive and

diverse grasslands — have been reduced to remnant habitat fragments on private

land 2. Government has responded by taking increased responsibility for biodiver-

sity management. Over the past decade Australian State and Federal Governments

have allocated well over $300 million to biodiversity and habitat-related initiatives,

mostly relating to the management of assets on private land.

Traditionally government has sought to preserve and rehabilitate biodiversity

through untargeted conservation subsidies for volunteer programs and through reg-

ulatory prohibitions on any further damage to biodiversity assets. Both of these

policies face incentive problems: regulation creates an incentive for landholders to

conceal environmentally valuable biodiversity located on their land [14, 21], and

although voluntary conservation is extremely valuable, incentives for participants

2Since European settlement, 90 per cent of the native vegetation in the eastern temperate
zone has been removed [3].
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to create value over the longer term are weak or absent. In addition, while volun-

tary measures are well meaning, these interventions may not always be supported

by good science or directed to the highest value activities [29]. In the last decade

government has moved toward a market based approach to biodiversity rehabili-

tation that is based on scientific modelling and a formal application of economic

design principles.

Biodiversity management presents difficult public policy problems; asymmet-

ric information is the source of many of these difficulties. Information about the

location and status of biodiversity assets, landholders’ ability to produce conser-

vation gains, and landholders’ opportunity cost of actions, is highly disaggregated

and subject to adverse selection. The adverse selection problem is compounded

by the complexity and heterogeneity of biodiversity resources. Moral hazard is

also a problem because it is difficult and costly to observe and monitor private

landholders’ compliance with procurement contracts. The moral hazard problem

is exacerbated by the highly stochastic nature of environmental production.

Three strategies have proven useful in addressing informational problems. First,

a direct attempt has been made to reduce the informational disadvantage as much

as possible through the systematic use of technology and science. Field ecolo-

gists have developed efficient environmental classification and scoring methods [28],

which allow the classification and valuation of environmental assets with relatively
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high accuracy and low transaction costs. This science also underpins advice to

landholders regarding the potentially valuable actions that the government may

be willing to purchase. However, while improved science allows the government to

identify and value the characteristics of remnant vegetation patches, conservation

production technology and inputs are the private information of agents. For ex-

ample, the conservation potential of a vegetation patch is influenced by the unique

biophysical characteristics of the site and historical land management practices.

Landholders have also observed their site over many seasons, and therefore have

information on patterns of species presence and the factors that influence this [13].

This information is private, as are opportunity costs, giving rise to an adverse se-

lection problem. Environmental service contracts are therefore procured through

auctions. Landholders nominate the conservation actions that they will under-

take, with bids ranked according to the estimated environmental benefits that

they generate and the price of the contract. Bids are then accepted or rejected

competitively. Finally, moral hazard is addressed by writing incentive contracts

contingent on observable actions and outcomes.

This approach has been found to improve the efficiency of government spending

[29, 34, 36, 38]. Because of the emphasis on incentive-compatibility, the interests

of landholders and government are brought much more closely into alignment,

and there has been wide-spread acceptance of this approach across a range of
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stakeholder groups [7]. Importantly, landholders have an incentive to reveal private

information, and a number of previously unknown valuable biodiversity assets have

been identified and rehabilitated.

It is natural to extend a competitive approach to the procurement of environ-

mental offsets. Under a typical “no net loss” regulatory framework, developers are

able to destroy existing habitat assets provided that the loss of habitat is offset by

the rehabilitation and permanent protection of a commensurate asset. Offsets are

underpinned by a stringent regulatory framework, and procurement incurs high

transaction costs. Developers must identify an environmentally acceptable offset

site, negotiate with potential suppliers on a bilateral basis, design and enter into

a contract with suppliers and meet the Government’s compliance requirements.

Given the Government’s investment in the infrastructure to support efficient en-

vironmental procurement, there is an obvious role for government as a facilitator

of the market for third-party offsets. A government-facilitated matching market

not only reduces transaction costs but improves the environmental integrity of the

offset policy. Such a market has recently been announced in Victoria [23].

There are thus three distinct frameworks for the purchase of environmental

assets. The first is the government’s procurement by auction of biodiversity as

a public good. The second is the private purchase of environmental off-sets by

developers. The third is the facilitation of trade in the off-set market through
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government3 intermediation in the procurement of environmental assets on be-

half of developers. In each case, the question arises of how to write an incentive

compatible and efficient contract with the seller of the environmental service.

2 The model

We will use a version4 of Laffont and Tirole’s basic procurement model [16], which

we modify to allow for risk aversion5. This model allows for voluntary participa-

tion, adverse selection and moral hazard, with the advantage that the interaction

between contract design and auction design is particularly transparent [17]. We

will follow the notation of their monograph [18], which differs in some respects

from the original paper.

By varying the principal’s objective function, we can examine, in a unified man-

ner, the three different policy environments mentioned above. The key parameters

will be θ, the weight placed by the principal on the welfare of the agent, and λ,

the deadweight cost of raising taxation revenue. For public procurement θ = 1

(we assume that the government is concerned with maximising aggregate welfare

and is unconcerned about the distribution of information rents) and λ > 0; for

3In principle one could imagine a private intermediary playing this role; this seems unlikely
due to economies of scale and government’s existing role in guaranteeing the integrity of traded
off-sets.

4We reinterpret effort as output enhancing rather than cost reducing.
5See [16, p. 663] for some general remarks about risk aversion in their model.
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private procurement θ = λ = 0, since the principal maximises his own profit; in

a government intermediated off-set market θ = 1 but λ = 0 since the government

is concerned with efficiency, and revenue is not raised through taxation. Since we

are concerned with optimal contract design we will first consider an environment

where a single principal contracts with a single agent. We will discuss below how

this case can be modified if there are many agents, and the right to participate is

auctioned.

A participating agent can produce environmental output x + ε = β + e + ε,

where β is the agent’s type, e ≥ 0 is effort exerted by the agent, and ε is a random

shock with mean zero and variance σ2 reflecting the fact that production is risky

(it may also incorporate risk introduced by errors in measuring output). The type

β is a parameter in the agent’s conservation production function. Although the

government can estimate and value the quantity of remnant habitat (measured

in quality adjusted units), agents hold private information on the unique mix of

technology and inputs that will influence the rehabilitation and protection of this

vegetation (such as a site’s biophysical characteristics and resource management

history). Through the exertion of effort e the agent can improve the quality of

remnant vegetation. Both e and β are private information, known only to the

agent, but total output x can be measured (possibly with some error incorporated

in ε) by the principal. We assume that the type β is distributed, independently

11
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and identically, in the interval
£
β, β

¤
with distribution function F (β) and density

function f (β) and that the inverse hazard rate h (β) = 1−F (β)
f(β)

is non-increasing.

We assume that the principal is risk neutral.

The agent’s utility v (t, e) = g (t)− ψ (e) is separable in the income transfer t

that will be made by the principal, and in effort e, and is strictly concave (risk

averse) in t. For any random transfer z, let c (z) be the cost of risk bearing (the

insurance premium that would make the agent indifferent between z and its ex-

pected value z̄, net of the insurance premium) defined by Eg (z) = g (z̄ − c (z)) .

By the separability assumption, we can re-label indifference curves to linearise

g (z) (see, for example, [19, p 45]). We can thus assume that the agent’s utility6,

given a random transfer z and an effort level e, is of the form

ṽ (z, e) = z̄ − c (z)− ψ (e) .

Thus, given this normalisation, the agent’s utility depends on the expected trans-

fer, subject to adjustments for a risk premium and for the disutility of effort.

Following Laffont and Tirole, we will assume7 that disutility of effort is increasing

and convex in effort: ψ (0) = 0, ψ(e) ≥ 0, ψ0(e) ≥ 0, and ψ00(e) > 0. We will also

6This may no longer be an expected utility functional of z.We note that this type of normal-
isation is conventional in finance, where a mean-variance specification of preferences is standard.
Such preferences are of course not of expected utility form, except in exceptional cases.

7The plausibility of these assumptions, which of course depend upon our normalisation lin-
earising f (t) , is ultimately an empirical matter.
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assume, as do they, that ψ000 (e) ≥ 0.

If the variance is small then the risk premium takes the form

c (z) =
1

2
ηVar (z)

where η is an appropriate coefficient of risk aversion [24, pp. 69-80]. This relation-

ship holds exactly if z is normally distributed and the underlying utility function

v (t, e) displays constant absolute risk aversion with coefficient of risk aversion η;

the reader may wish to keep this case in mind8. In general, it will hold approxi-

mately if the variance is small; the appropriate coefficient of risk aversion will then

depend upon wealth and background risk (for a recent discussion in the context

of a mean variance specification see [11]). In the interest of tractability we will

assume that risk preferences are of this form, and we will ignore wealth effects,

due to the contract, on risk preferences. That is, we assume that the impact of the

contract on the agent’s risk and wealth position is not sufficient to significantly

affect their risk preferences, and we will treat η as a constant. This seems reason-

able provided that the agent’s risk and return exposure through the contract is

not dominant in the agent’s portfolio of investments and activities. This seems a

reasonable assumption in the policy context with which we are concerned.

8It also holds exactly if the underlying utility function is quadratic.
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The principal offers a menu of linear contracts9

T
³
x+ ε, β̂

´
= a

³
β̂
´
+ b

³
β̂
´
(x+ ε)

contingent on announced type β̂ and linear in observed output x+ ε. If the agent

announces type β̂ and chooses effort e consistent with expected output x = e+ β,

then they will receive a transfer z with mean a
³
β̂
´
+ b

³
β̂
´
(e+ β) and variance

b
³
β̂
´2

σ2, and achieve utility

U
³
β̂, e, β

´
= ṽ

³
a
³
β̂
´
+ b

³
β̂
´
(e+ β + ε) , e

´
= a

³
β̂
´
+ b

³
β̂
´
(e+ β)− 1

2
ηb
³
β̂
´2

σ2 − ψ (e)

=

µ
a
³
β̂
´
− 1
2
ηb
³
β̂
´2

σ2
¶
+ b

³
β̂
´
(e+ β)− ψ (e)

= T̃
³
x, β̂

´
− ψ (e)

where

T̃
³
x, β̂

´
=

µ
a
³
β̂
´
− 1
2
ηb
³
β̂
´2

σ2
¶
+ b

³
β̂
´
x

is the implied risk adjusted menu of contracts in the agent’s decision space. T̃
³
x, β̂

´
is linear in expected outcome (or equivalently effort e). We note that the slopes

of the contracts T
³
x+ ε, β̂

´
and T̃

³
x, β̂

´
are the same, but that the intercept

9In contradistinction to [16], we restrict ourselves to linear contracts in order to accommodate
risk aversion.
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of T̃
³
x, β̂

´
is adjusted by an amount that depends on both a

³
β̂
´
and b

³
β̂
´
to

accommodate the cost of risk bearing. We notice10 that, irrespective of β̂, the

optimal effort level e does not depend on the variance σ2.

We write

u (β) = max
β̂,e

U
³
β̂, e, β

´
for the information rent earned by an agent of type β. We write e (β) for the

optimal effort function implied by the contract and x (β) = e (β) + β for the

implied expected output. We will write

t (β) = ET (x (β) + ε, β)

= T (x (β) , β)

= a (β) + b (β)x (β)

t̃ (β) = T̃ (x (β) , β)

= a (β) + b (β)x (β)− 1
2
ηb (β)2 σ2

= t (β)− 1
2
ηb (β)2 σ2

for the expected transfer and the risk adjusted expected transfer respectively. To

reduce notation we will when convenient drop the argument β and write x, t, t̃,

10This is because of the additive specification of the error ε and our assumption that, for wealth
variations implied by the contract, η is constant.
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e, u, a, b, f, F, h, instead of x (β) , t (β) , t̃ (β) , e (β) , u (β) , a (β) , b (β) , f (β) ,

F (β) , h (β) , and we will denote differentiation with respect to β by a dot. If

the principal offers an incentive compatible individually rational contract, then by

standard arguments we have

u = t̃− ψ (e)

x = e+ β

t̃ = t− 1
2
ησ2ψ0 (e)2

u̇ = ψ0 (e)

b = ψ0 (e)

.

t̃ = ψ0 (e) ẋ

ẋ ≥ 0

u
¡
β
¢
= 0

These are, respectively, the definitions of u, x and t̃, the envelope condition, the first

and second order conditions, incentive compatibility, and individual rationality.

The agent’s utility depends on x and t̃, and as β varies the contract
¡
x (β) , t̃ (β)

¢
traces out a locus, the contract curve, in agent’s

¡
x, t̃
¢
space. The slope of the

contract curve is dt̃
dx
=

.

t̃
ẋ
= ψ0 (e) . This contract curve is the envelope of the menu

16
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of linear contracts T̃
³
x, β̂

´
.

The principal’s payoff depends on x and t; she chooses a contract (x, t) (and

hence implicitly e and u), subject to incentive compatibility and individual ratio-

nality constraints, to maximise the objective

max
{x(·),u(·)}

βZ
β

{x− (1 + λ) t+ θu} dF

where λ is the cost of raising the revenue t, and θ ∈
£
β, β

¤
is the weight placed by

the principal on the agent’s utility. We shall interpret the value of these parame-

ters in the policy environments of interest below. After an integration by parts,

making use of the envelope condition and the individual rationality constraint, the

principal’s problem becomes

max
{e(·)}

βZ
β

½
e+ β − (1 + λ)

µ
ψ (e) +

ησ2

2
ψ0 (e)2

¶
− (1 + λ− θ)ψ0 (e)h

¾
dF. (1)

We note the term containing η in the expression for the virtual surplus; it is through

this term that risk aversion enters into the contracting problem.

By a standard argument11 the integrand is concave in e, and the optimal effort

11See for example Chapter 6 of [12].
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is determined at interior points by the principal’s first order condition

1 = (1 + λ)ψ0 (e)
¡
1 + ησ2ψ0 (e)ψ00 (e)

¢
+ (1 + λ− θ)hψ00 (e) .

It can then be shown that the contract curve is convex in
¡
x, t̃
¢
space, confirming

that the contract may be implemented by a menu of linear contracts, tangent to

the contract curve.

A linear contract is of the form T (x) = a + bx, promising a fixed up-front

payment a, and a conditional payment bx that depends upon the output achieved.

Since typically 0 ≤ b ≤ 1, this takes the form of a surplus sharing rule. For

example, if a = 3 and b = .5, then the contract would specify an up front payment

of 3 plus 50% of the value of the output generated. By offering a menu of such

contracts T (x, β) = a (β)+b (β) x, one for each type β, the agent can choose either

a soft contract (with a low b and a weak incentive to maximise output) or a tough

contract (with a high b and a strong incentive to maximise output). The tough

contract will be more attractive to the low cost agents. By the revelation principal,

if the menu of contracts is designed to be incentive compatible then each agent will

choose the contract appropriate to their type. By choosing this contract, they are

in effect induced to reveal their private information, and optimal effort is induced.

In general, to write a linear contract it is sufficient to specify the slope b and

a fixed point on the line, which will be some base combination of output and

18
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payment. The fixed component may be interpreted as a sign-up fee paid to the

agent, an entry fee paid by the agent, an output target, or some combination of

these. For example if a = −1 and b = .5, then the contract T (x) = −1 + .5x can

be interpreted to mean that there is a fixed payment (in this case an entry fee of

−1), plus 50% of the value of the output generated. But this can also be written

T (x) = .5 (x− 1) , and interpreted to say that the agent gets nothing until they

reach an output target (of 1 in this case), and then they get 50% of the value of

the output that they produce beyond this target.

We now consider the case of multiple agents. Under risk neutrality contract

design is particularly simple [17]. The optimal mechanism can be implemented

by conducting a preliminary auction of the right to participate, and then offering

winners exactly the menu of contracts derived above for the single agent case. If an

agent wins the right to participate, paying p, and then selects the contract a+ bx,

then the total fixed payment will be p+ a. The effect of the auction is to contract

the type space of the agents participating in the contract to
£
β0, β

¤
, where β0 is

the type of the highest non-participating agent. Thus competition between agents

in the preliminary auction reduces, but does not entirely eliminate, uncertainty

about the agents’ types at the contracting stage. This residual uncertainty is

managed through the contract design. An important implication is that contract

design is invariant to the number of participants in the auction.
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Under risk aversion the analysis is not straight forward, except in one case that

we will focus on. If the cost of effort function ψ (e) is quadratic12 (this includes

the case of constant marginal effort) and we write

φ (e) = ψ (e) +
ησ2

2
ψ0 (e)2

for the total cost including risk bearing, then the Hamiltonian (1) can be written

e+ β − (1 + λ)φ (e)− (1 + λ− θ)

(1 + δησ2)
φ0 (e)h

where δ = ψ00 (e) , which is a constant. The problem is then isomorphic to the risk

neutral case, but with the hazard rate adjusted by a constant factor, becoming

h
(1+δησ2)

. Laffont and Tirole’s proofs then go through exactly as before, so we get the

basic separability result. Thus in this quadratic cost case the optimal mechanism

can be implemented by a preliminary auction of the right to participate, and then

by allowing participants to choose a contract from the menu derived above exactly

as in the single agent case. In particular, the design of the menu of contracts does

not depend on the number of potential participants in the mechanism.

12This is clearly a restrictive assumption, but not unreasonable as a first approximation.
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3 An example

We illustrate with a numerical example. Let us assume that β is distributed

uniformly on the interval
£
β, β

¤
, so h (β) =

¡
β − β

¢
/
¡
β − β

¢
, and that ψ (e) = e2

2
.

For simplicity, we will assume that
£
β, β

¤
= [0, 1] . In this case the principal’s first

order condition is

1 = (1 + λ− θ) (1− β) + (1 + λ)
¡
1 + ησ2

¢
e

so the contractual level of effort is

e =
1 + (1 + λ− θ) (β − 1)
(1 + λ) (1 + ησ2)

.

The principal’s virtual surplus (the expression in the integrand (1)) is

k (β) =
(1 + λ− θ)2 β2 + 2

¡
1 + θ + (1 + λ) ησ2 − (θ − λ)2

¢
β + 1

2
(θ − λ)2

(1 + λ) (1 + ησ2)

which is convex, and non-negative at β = 0. A simple calculation shows that k (β)

is minimised at β0 = −
(1−λ2)+(θ−θ2)+2θλ+ησ2(1+λ)

(1+λ−θ)2 which is negative provided that

0 ≤ θ ≤ 1 and 0 ≤ λ ≤ 1. Thus k (β) is non negative over the whole interval [0, 1],
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and u can be calculated by integrating u̇ = ψ0 (e) from zero, yielding

u =
(1 + λ− θ)β2 + 2 (θ − λ)β

2 (1 + λ) (1 + ησ2)
.

In general, the virtual surplus will not be non-negative over the whole interval.

There will be some cut-off type β0 such that k (β0) = 0. The principal will wish

to exclude all types below this, and u will be determined by integrating from β0.

The transfers t and t̃ are readily calculated from e and u.

3.1 Policy settings

We show in Figures 1 and 2 the behaviour of variables of interest for typical

parameters, using the example calculated above. In these Figures we have allowed

the type space to be more general than the [0, 1] used for simplicity above. In fact

we have set
£
β, β

¤
= [−1, 0.5] , to illustrate the scenario where many landholders

will own a significantly degraded asset which requires a threshold level of effort

before it can be considered an environmental off-set, while some may hold assets

of considerable value. These Figures also illustrate that there is a critical cut-off

type, and types below this would not participate.

We consider, as above, three policy settings. The first is government procure-

ment. The government is efficiency maximising, putting equal weight on the utility

of the principal (the tax payer) and the agent, so θ = 1, but raises revenue through
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distortionary taxation, so λ > 0. In this example, we have put λ = .2. This policy

setting is shown with a dashed line. The second setting is private procurement of

environmental offsets. In this case, we have assumed that the principal (the de-

veloper) is a monopsonistic13 purchaser, facing no funding distortion, and placing

no weight on the utility of the agent, so we set λ = θ = 0. This case is shown with

a solid line. In the third case the government, acting as an intermediary in the

off-set market, procures off-sets and sells them on to developers. We assume that

the government is benevolent, placing equal weight on the utility of both parties

(so we implicitly assume that the government acts to correct the monopsony dis-

tortion, maximising total social surplus rather than just the monopsonist’s share).

Since the off-set is paid for by the developer, there is no funding distortion, and

we set θ = 1, λ = 0. This case is shown with a dotted line. Figure 1 shows effort,

output, transfer and the agent’s information rent by type. Figure 2 shows the opti-

mal contract. This may be represented as a nonlinear contract in either observable

(x+ ε, t) output-transfer space, or in the agent’s (e, u) effort-utility decision space.

We also show, in the final panel of Figure 2, the menu of linear contracts that

implements the optimal contract. As noted in Section 2, the fixed component of

a linear contract may be interpreted as a sign-up fee paid to the agent, an entry

fee paid by the agent, an output target, or some combination of these. An output

13This means that they can unilaterally design the contract, as is usually assumed in principal-
agent problems.

23



CONTRACT DESIGN FOR BIODIVERSITY PROCUREMENT

target may be a more reasonable way to write a realistic contract (rather than

to expect the payment of up front entry fees), and in the third panel of Figure 2

we have chosen to present the menu of contracts in this form, as a locus of pairs

(x0, b) where x0 is an output target and b is an output value share.

It is clear from these Figures that the optimal contract is quite different in each

policy setting. The offset market contract is particularly simple and it is easy to

see why this should be so, especially if agents are risk neutral. In this case, the

government wants to maximise total surplus and does not care how it is allocated.

In particular, it is happy for the agent to retain all the surplus (this surplus may

be extracted separately, through a preliminary auction, as discussed above). The

natural solution is to "sell the project to the agent", allowing the agent to retain all

the surplus at the margin, and hence to internalise all externalities. The principal

thus offers a simple pooling contract14 inducing the first best effort level. If the

agents are risk averse then it is no longer optimal for them to bear all the risk, and

the slope b will be less than 1. But risk aversion is unrelated to type under our

assumptions, so it is not useful to screen agents by exposure to risk, and a simple

pooling contract is still optimal. The same contact T (x) = a+ bx, with b < 1, is

offered to everyone. After the right to participate is auctioned the actual payment

made to a participating agent will be p+a+bx,where p is the participation payment

14That is to say, the slope of the contract is the same for everyone; the intercept, which is
implicitly determined at the auction stage, may vary between types.
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determined competitively through the auction. The payment p will reflect both

the type β and risk aversion; p may vary according to the bidder or be uniform

across bidders, depending upon the format of the auction (first price or second

price).

In contrast, the private purchaser has a strong incentive to minimise transfers

to the agent (θ = 0), and implements a diverse menu that separates types strongly,

inducing a wide variation in effort levels. The government procurement contract

is in some ways intermediate between the two. The government has an incentive

to minimise transfers to the agent because of the distortionary cost of raising

revenue (λ = .2). It also implements a screening contract, but one that screens

less aggressively than that of the private developer.

The contracts, as actually implemented, look a little different (the details here

are sensitive to the parameters chosen). When procuring for the off-set market, the

government offers a simple take it or leave it contract (not a menu), characterised

by an up front payment and a relatively high performance incentive. The developer

offers a wide range of linear contracts, characterised by an output target and a

range of performance incentives, some of them quite weak. When procuring to

augment the stock of public goods, government offers a menu of contracts that is

intermediate between the two. With the parameters chosen here, the high power

contracts are characterised by an output target, while the low power contracts are
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characterised by an up front payment.

4 Discussion

Market based instruments for biodiversity procurement, either to enhance the

stock of assets or to facilitate trade in off-set markets, are increasingly important.

Standard procurement models can be adapted to provide a workable framework for

contract design in such markets. What do we learn from this modelling exercise?

First of all, contract design cannot be treated as a discrete problem without

considering the policy environment. Contracting frameworks that make sense in

one environment cannot necessarily be applied without thought to another, despite

the apparent similarity of the problems.

In the case of biodiversity regulation and procurement, we find that contract

design is simplest for the case of off-set markets. In this case there is no need to

screen agents through the contracting framework, and a simple off-the-shelf linear

contract will do to job. This simple contract will have two components: a fixed

component a (which may be either positive or negative) and a variable component

b. Participation is then determined by an auction, in which landholders compete

to bid down the size of the payment p that they would be paid in order to sign a

contract. The net immediate payment, on signing of the contract, is a + p. The

variable payment, received at the end of the contract, depends on the outcome. b
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is the proportion of the value created that goes to the landholder.

In practice, the fixed component may take various forms. As noted above,

it may be any combination of payment and output target. The contract may

also specify some payments against the verifiable provision of various inputs (for

example, erecting fences) in the earliest phase of the contract. In our framework

such payments would be part of the fixed component a of the contract. There is

clearly considerable freedom in putting together the fixed component bundle a. If

the bundle a were varied we would expect the equilibrium bid p to adjust so as to

keep a+ p constant.

The variable component of the contract, in the case of an off-set market, is

likely to be quite steep. If agents are risk neutral, then at the margin they should

be paid the full social value of the increment in environmental services that they

provide beyond a contractually agreed threshold. If agents are risk averse, then

they must be compensated to some degree for bearing risk: we would expect this

cost to be built into their initial bid. If agents are risk averse it is optimal to

moderate the variable component of the contract to introduce some risk sharing.

The slope of the contract will depend on the amount of risk (both production risk

and measurement risk) and on the degree of risk aversion; the higher these are,

the higher is the cost of risk bearing, and the flatter (softer) will be the optimal

contract. Naturally, any actions that can be taken to reduce exposure to risk will
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lead to more favourable (and steeper) contracts from the principal’s point of view.

For example, where it is efficient, some level of insurance could be built in (for

example, output targets might be conditional on drought conditions, bushfires, or

other events beyond the landowner’s control). The reduction of measurement and

monitoring risk through appropriate science and technology will also lead to more

favourable contracts from the principal’s point of view.

Optimal contracts for procurement markets will differ from those in an off-

set market. In this case it is optimal to screen bidders, inducing them to reveal

information about their private characteristics, and reducing the information rents

that are paid to them. The incentive to screen is stronger for private procurement

than for public procurement, and the private procurer will offer a relatively wider

range of contracts, including some that are quite aggressive and will appeal only

to high types, and some of lower power. Such screening reduces information rents

and the payment to agents, but potentially induces lower effort levels. The public

procurer will screen less aggressively, offering a menu of contracts intermediate in

structure between the private procurer and the off-set market contract.

Contract design is thus sensitive to the institutional framework. In contrast,

at least within the theoretical framework15 used here, it is not sensitive to the

number of bidders. Contract design need not differ according to the intensity of

15Most importantly, the separability of effort in the utility function and the quadratric effort
function.
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competition, which is harnessed by auctioning the right to participate. If there

are many potential suppliers, then they will bid down the information rents in the

auction. If the asset has no good substitutes, and there are few potential suppliers

then rents will be higher, and the designer will be relying more on the screening

properties of the contract to minimise rents.

The model that we have used here, based on the Laffont and Tirole [16] pro-

curement model, leads to useful insights into the nature of the contract design

problem for biodiversity procurement. In particular, it suggests that contracts

designed for off-set matching markets should be simpler in structure, and provide

harder incentives, than those designed for procurement. It would be useful to

know how robust these conclusions are if we relax the assumptions embedded in

this specification, though it is unlikely that closed form solutions can be found,

and numerical simulation would be required. Empirical evidence on the validity of

these assumptions would be valuable, particularly regarding key inputs, including

the degree of risk aversion, the distribution of types in the population, and the

shape of the effort curve (and more generally the nature of the biodiversity produc-

tion function) and the monitoring technology. With respect to the distribution of

types, there is a growing body of data from environmental procurement auctions

which may be amenable to econometric investigation [27]. Getting information

on the effort function and the production function for environmental goods may
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require a different approach. Biological and biophysical modelling and simulation

is widely used to model agricultural systems, and may be able to be adapted to

model the production of habitat and biodiversity assets.

As is usual in the application of theory to policy, the main contribution of

the framework is probably its value in organising concepts and ideas. However

some basis for empirical judgement exists, and any contract design put forward

in practice implicitly takes a position on these empirical questions. The model

also provides a framework to test hypotheses and improve parameter estimates.

Direct experimentation and research, in the form of carefully designed field pilots,

would allow economists to begin the process of testing the hypotheses underlying

the standard contracting framework. Field pilots, simultaneously delivering envi-

ronmental gains and research findings, may also be useful in building confidence

in policy makers and facilitating implementation.
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Figure 1: Effort, outcomes, and transfers to type β.

38



CONTRACT DESIGN FOR BIODIVERSITY PROCUREMENT

0 0.2 0.4 0.6

0

0.2

0.4

effort e

ut
ili

ty
u

Utility�Effort Contract Curves

0 0.2 0.4 0.6 0.8 1.

0

0.2

0.4

0.6

0.8

output x � Ε

pa
ym

en
tt

Output�Payment Contract Curves

0 0.2 0.4

0

0.2

0.4

0.6

0.8

output threshold

m
ar

gi
na

lp
ay

m
en

t

Menu of Contracts

private offset

procurement

offset market

Figure 2: Optimal Contracts

39


