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Abstract

In this paper, | review recent advances in the field of economic incentives for biodiversity
conservation, focusing on incentives offered to private landowners to change how they manage
land. Since profit-maximising land use decisions are rarely consistent with optimal provision of
biodiversity, due to market failure, additional financial incentives have been argued to be needed to
slow global biodiversity decline and aid biodiversity recovery. The paper organizes recent literature
along four thematic lines: paying for results rather than actions, incentives for spatial coordination,
collective participation schemes, and biodiversity offset markets.
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1. Introduction

Changing how such land is managed has recently been argued to be crucial in achieving better
outcomes for biodiversity (IPBES, 2019). Where land is privately owned, owners often need to be
offered economic incentives to implement such changes. These incentive mechanisms are variously
categorised as Payment for Ecosystem Service (PES) schemes; and where farmers are the intended
participants, as Agri-Environment Schemes (AES). This paper reviews recent work on the design of
these incentives from the perspective of economics, informed by insights from ecology on what
typically matters most for success in achieving improved biodiversity outcomes. In what follows, |
mainly use the term “AES schemes” to describe any economic incentive intended to produce a
change in land use or land management which is intended to increase some desirable metric of
biodiversity conservation. A key feature of such schemes is that farmers voluntarily chose whether
or not to participate. Participation implies accepting some restriction on how land is managed or

what is produced, in return for a financial payment.

We typically think of farmers (I will refer to all land managers as “farmers” in this paper) as incurring
opportunity costs in changing management to a more biodiversity-productive type. That is, a multi-
product output function exists (Dakpo et al, 2016; Ait-Sidhoum et al, 2023) whereby inputs such as
fertilizer, land and the farmer’s time are used to produce crops and livestock for sale, but which also
determine biodiversity outcomes such as species distribution or abundance, overall species richness,
and other measures of environmental impact. Typically, we think of increases in commercial output
as occurring jointly with decreases in some biodiversity index: there are thus trade-offs between
crop/livestock profits and biodiversity production. Absent the correct price signals, farmers choose a
crop/livestock output level which is not consistent with socially-optimal levels of biodiversity, due to
missing markets for wildlife and their habitats (Hanley, Shogren and White, 2019). Producing an
increase in biodiversity typically comes at an opportunity cost of lower profits to the farmer

(Armsworth et al, 2012).



There are three features of these opportunity costs which are relevant to the policy design problem.
First, for an individual farmer, we expect these costs to be increasing at the margin. As more
biodiversity is produced on an individual farm, it gets increasingly expensive to further increase such
diversity (evidence for this increasing marginal cost at the individual farm level with respect to a
given biodiversity index is scarce, but on average we can expect the farmer to always choose the
cheapest option first, even if marginal costs are not continuously rising). Second, these biodiversity
supply curves vary across farms, both spatially and by farm type. A given conservation action will
have costs which vary across farms due to heterogeneity in land quality, location, and crop/livestock
choice (for an example from the US Conservation Reserve, see Hellerstein, 2017). This means that (i)
a uniform subsidy for biodiversity conservation will encourage varying levels of participation across
farms: some will decide to join the PES scheme, some will not (ii) a cost-effective allocation of
conservation actions will involve different degrees of such actions across farms — we prefer the
farms with the lowest opportunity costs of “producing” an environmental improvement to
undertake the most conservation (Ando et al, 1998; Polasky et al, 2008) and (iii) that a differentiated
payment scheme is likely to be more cost-effective than a uniform payment scheme, since each
farmer is offered the same price to undertake a given action under a uniform payment, whereas the
marginal social cost of buying the environmental improvement varies over farms (Armsworth et al,
2012). Finally, opportunity costs are typically private information for the farmer, such that a
regulator can only imperfectly observe their variability. This means that an adverse selection
problem can arise, since the regulator offering subsidies for biodiversity conservation cannot easily
distinguish between high- and low-cost types (Ferraro, 2008). It may also result in low additionality,
as farmers who would have adopted the pro-biodiversity production methods in any case may be
paid, rather than those who would not have done so (Wunder et al, 2020). One of the principle
attractions of conservation auctions is that they can deal, to some extent, with this hidden or
asymmetric information problem (Schilizzi and Latacz-Lohman, 2016), although auctions may reduce

participation rates by eligible farmers to rather low levels. For instance, Howard et al (2024) found a



proposed auction to improve water quality in lowa could reduce participation by up to 70%

compared to a baseline cost-sharing contract.

A second class of design problem is that of varying ecological potential: that is, the ability of a
change in land management at a given location to deliver increases in some biodiversity indicator.
Globally, most agri-environment schemes (AES) and payment for ecosystem service schemes (PES)
involve paying for actions. Such an action changes the inputs in the multi-product output function
such that the biodiversity index is increased. However, evidence from ecology shows that the
response of a specific indicator to a change in pressures can be highly site-specific, varying for
example with land use in the surrounding landscape, or with the history of site use (Bradfer-
Lawrence et al, 2024; Hanley et al, 2008). This implies that the spatial targeting of economic
incentives can improve the cost-effectiveness of biodiversity policy, since some locations will show a
larger biodiversity response to marginal changes in land use (Fooks et al, 2016). Some existing AES
schemes reflect this varying ecological potential through the use of site-based environmental
metrics use to weight payments to land managers (eg Iftekar et al 2014, Wallender et al 2018).
Moreover, ecological benefits from a specific change in actions at a specific location can vary over
time in a partially-stochastic manner, due to the influences of other determinants of biodiversity

outcomes, such as weather patterns, invasive species, disease outbreaks and climate change.

Finally, the number of land managers whose behaviour a regulator is trying to influence through
offering economic incentives is typically large. For example, in 2023 there were around 103,000
individual farm holdings recorded in England who could participate in an AES scheme (DEFRA, 2024).
Observing the behaviour of each of these farmers would be very costly. If farmers accept payments
to change their farm management to deliver more biodiversity, where these changes are costly to
each farmer (as lost profits), then moral hazard problems occur, since the farmer can accept the
payment without undertaking the required conservation effort when the regulator finds it very

costly to observe this effort (White and Hanley, 2016).



2. Payment for results, not actions

As noted above, most PES and agri-environment schemes focussed on improving biodiversity
outcomes are payments from some regulator or other party (such as an NGO) for changes in the
management actions undertaken by a farmer. This typifies, for instance, the great majority of agri-
environment-climate schemes financed by the Common Agricultural Policy (Hasler et al, 2022).
However, offering contracts which pay on the basis of delivered outcomes or results has a number of
advantages (Herzon et al, 2018; Sumrada et al, 2021). Society pays for what it wants — biodiversity
improvement- rather than the actions needed to deliver this. Moreover, farmers may have private
knowledge on how best to deliver a specific biodiversity outcome on their land, which they can
make use of under a payment for results contract (Wuepper and Huber, 2022). Payment for
outcome schemes have also been argued to lead to the re-alignment of farmer attitudes and
objectives, and potentially to reduce moral hazard problems if outcomes are easier (cheaper) to
monitor than actions. Clearly, there will be a great deal of variation in whether outcomes or actions
are less costly to observe for the regulator. Finally, paying for results allows the spatial variability of
ecological potential to be taken into account in targeting actions: farmers whose land has greater
potential to achieve the desired biodiversity outcome will be more likely to enrol than farms with

lower ecological potential, ceteris paribus.

The drawbacks of payment for actions schemes focus around participation rates: if biodiversity
outcomes are partly stochastic from the viewpoint of the farmer, then risk-averse farmers will be
less willing to participate in a payment for results scheme than in a payments for action scheme. This
means farmers would demand higher payments to participate in a payment for outcomes scheme
compared with a payment for actions alternative (Villanueva et al, 2024: although see Granado-Diaz
et al (2024) for the opposite result). Moreover, if payment for results are based on an absolute
target values (eg 6 flowering plant species out of a list of 30 being counted on your land), then

schemes may have low additionality, since those farmers who already have higher species richness



will be more likely to participate. For evidence on this point, see Canessa et al (2023). Higher
monitoring costs of measuring outcomes rather than actions mean higher transactions costs, and
there is a discussion in the literature on who should do the monitoring — farmers, the regulator or
some third party (Herzon et al, 2018). In their study of Japanese rice farmers, Tanaka et al (2022)
found that farmers preferred that the monitoring of bird species on their farms — the variable used
to determine payments — was undertaken by external experts rather than by themselves. Finally,
whilst farmers may indeed have private information on how best to deliver biodiversity outcomes on
their land, they may equally require training with respect to the relevant actions, and indeed with

respect to monitoring outcomes (Sumrada et al, 2021).

Contracts can also be specified in terms of a combination of actions (eg when to mow grassland) and
results (number of birds nesting in farm fields). In theory, such mixed contracts can have advantages
over payment for results alone, or payment for actions alone (Derissen and Quaas, 2013; White and
Hanley, 2016). Canessa et al (2023) use choice modelling to understand Bavarian farmers’
willingness to participate in biodiversity-enhancing contracts which mix actions (change in mowing
dates, livestock density) with results (plant species presence/absence). They found that “extensive”
farms were more likely to enrol in results based schemes, whereas “intensive” farms were more
likely to enrol in mixed contracts. See also the paper by Thiermann et al (2023), discussed below in

section 4.

Finally, Bartkowski et al (2021) have suggested an interesting modification to payment for results
schemes designed to increase participation by reducing risks to the farmer. This is to offer contracts
specified in terms of the modelled or predicted impacts on some environmental variable from a
change in management: that is, to pay for modelled results, rather than actual results. This exploits
the variation in ecological potential of actions across space, like paying for actual outcomes. It clearly
also reduces payment uncertainty, since the farmer is contracting for a specific change in

management — under her control — which is predicted to result in, for example, a specific change in



bird populations on their farm. Simpson et al (2023) present a comparison of this payment for
modelled results approach with a payment for actions scheme, where the desired outcome is an
increase in wader populations on farmland in the UK. The action here is the restoration of grassland.
For a fixed budget, they find that the payment for modelled results scheme outperforms the

payment for actions alternative in terms of both wader populations and producers’ surplus.

3. Incentives for spatial coordination

A large literature has grown up around the incentivisation of spatial coordination in PES schemes,
dating back to Parkhurst and Shogren (2007). This literature is reviewed in Nguyen et al. (2022). But

why incentivise spatial coordination?

The original notion of Parkhurst and Shogren (2007) was that “..Protecting biodiversity and
ecosystem services on private lands can be facilitated by creating contiguous habitat”: that, for a
given quantity of land allocated to conservation, ecological benefits are higher when this land is
arranged in spatially-coordinated, contiguous areas, rather than being fragmented. The ecological
principles behind such spatial coordination benefits were outlined in Margules and Pressey (2000),
and indeed such landscape-level considerations of the importance of how land use varies between
neighbouring land parcels is now common in ecology (Terraube et al, 2016). Interestingly, the
ecological evidence base shows that spatial coordination benefits vary greatly by species (Bradfer-
Lawrence et al, 2024), from essentially zero to large. Even for one taxon (e.g. forest birds), there
exist species where the spatial coordination benefits are very high and those for which coordination
benefits are very low (Hofmeister et al., 2017). Spatial coordination benefits for birds will not be the
same as those for plants or for insects. Whilst much of the economics literature is motivated by non-
biodiversity-specific examples, including wetland restoration and nutrient pollution, the idea that
creating contiguous patches or conserved corridors in a landscape generates additional benefits is

widespread in economics.



Faced with this policy design problem, economists have devised three types of incentives to
encourage spatial coordination of conserved parcels. These are (i) the agglomeration bonus; (ii)
threshold bonuses, and (iii) spatially-coordinated auctions. Smith and Shogren (2002) and Parkhust
and Shogren (2007) suggested the agglomeration bonus (AB), a two-part subsidy where landowners
are offered a participation payment independent of the actions of their neighbours, plus a bonus —
the AB — if their neighbours enrol land as well as them?. Thus, the incentive for any land manager to
conserve is increasing in the number of “connected parcels” which others also choose to enrol
(typically rewarding between-farm spatial coordination rather than within-farm coordination). This
creates a coordination game between landowners which may have multiple equilibria. Coordination
failure occurs when land managers do not reach privately-optimal decisions that coincide with the

social optimum which maximises the overall net benefits from conservation.

The AB has been extensively analysed in the lab and in lab-in-the-field experiments, and has also
been studied using choice experiments (eg Villamayor-Tomas et al, 2019) and simulation models.
Few actual AB schemes exist, but Huber et al (2021) study a Swiss scheme which offers a bonus to
farmers who are willing to enrol patches which are identified in a spatially-coordinated plan. Other
real-world examples of AB schemes can be found in Italy, the Netherlands and France (Bareille et al,

2022).

Summarising the lab evidence on the AB, we find that (1) the AB can achieve a variety of target
spatial configurations in the landscape (Parkhurst and Shogren, 2007); (2) can increasingly fail to
achieve coordinated conservation over time, and is sensitive to what farmers know about their
neighbours’ decisions (Banerjee et al, 2014) (3) depends on the number of farmers on the network,
and how they communicate which each other (Banerjee et al, 2017); (4) can be successfully

combined with a nudge related to the behaviour of players in other networks (Banerjee, 2018),

2 An alternative is the agglomeration payment: the subsidy is only positive if at least one neighbor
participates. This idea of a one-part payment only offered if spatial coordination is achieved (as distinct
from the two-part agglomeration bonus) was first suggested by Dreschler et al (2010).



although a nudge can also decrease the performance of the AB through crowding out non-monetary
incentives (Kuhfuss et al, 2022). Nguyen et al (2024) show that the sign of the spatial correlation
between opportunity costs and environmental benefits across the landscape can determine the
ability of an AB mechanism to achieve desired levels of connectivity. Using a lab-in-the-field design,
Liu et al (2019) find that the AB when introduced as part of a conservation auction leads to a
lowering of bid prices by Chinese farmers, but did not produce an increase in the connectivity of land

enrolled in the conservation scheme.

The cost-effectiveness of the AB has been investigated by Bareille et al (2022). They model the
formation of coalitions of farmers in a landscape who can agree to cooperate in switching to a
conservation land use and earn the AB. The key point in their paper is that many such stable
coalitions exist in the landscape, but a “grand coalition” involving all farmers is never stable in any
setting. They find that the cost-effectiveness of the AB in delivering biodiversity outcomes depends
on the extent to which opportunity costs are spatially correlated in the landscape, and how species

disperse in the landscape (that is, the ecological benefits of spatial coordination).

Threshold bonuses have been suggested as a means of improving spatial coordination by the simple
device of persuading a greater proportion of land managers in a catchment or landscape to enrol
through offering an individual-level bonus payment if the number of farmers enrolling in this
catchment/landscape exceeds some threshold (Limbach and Rozan, 2023). The higher the fraction of
farmers enrolling in the conservation land use, the more likely it is that neighbours will enrol with
neighbours — especially if locations with low opportunity cost parcels are clustered together
(Babcock et al, 1997). Kuhfuss et al (2016) point out that offering farmers in a specific landscape or
catchment an additional payment if some pre-set percentage of all farmers who could enrol in the
biodiversity scheme do indeed participate creates a choice setting similar to the provision of a club
good with a minimum contribution threshold. Such a threshold bonus might incentivise farmers to

join a conservation programme for three reasons. First, if farmers care about the environmental
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good which the scheme targets, then establishing a threshold makes it more likely that the public
good will be delivered. This increases the utility from participating in the scheme. Second, threshold
bonuses could encourage learning and knowledge sharing amongst farmers about how best to
promote biodiversity on their own farms at low cost. Third, the threshold can be thought of as a
descriptive social norm, and if farmers care about the behaviour of others in their peer group, then
simply providing information on how many farmers need to contribute to trigger the bonus could act
as a nudge. Kuhfuss et al (2016) test the effects of a threshold bonus on the willingness of wine
growers in the south of France to reduce herbicide use, using a stated choice experiment. The
threshold bonus would be paid if at least 50% of farmers in each respondent’s local area agree to
join the low-herbicide scheme within 5 years. The authors found that each euro spent on the
threshold bonus had a much bigger effect on the area enrolled in the scheme than the same euro
being spent increasing the standard participation payment. For an example of analysis of an actual
threshold payment scheme, designed to protect the European hamster (Cricetus cricetus) in France,
see Limbach and Rozan (2023). We know of no paper which compares a threshold bonus with an

agglomeration bonus in an empirical setting.

A third means of achieving spatial coordination in participation in biodiversity-enhancing projects is
to make use of environmental benefit scoring rules within a conservation auction (Rolfe et al (2008),
Windle et al (2009)). A simple conservation auction to encourage biodiversity conservation would
rank bids on the basis of bid price alone. Variations in site-level environmental benefits could be
used to weight these bid prices if the policy designer wanted to account for variations in ecological
potential across sites — as has been done, for example, in the US Conservation Reserve Policy
(Hellerstein, 2017). But the algorithm used to rank bids could also take into account the spatial
configuration of offers, not just their site-level environmental benefit. Banerjee et al (2021) refer to
these two types of environmental score as node benefits — the environmental value of a specific
location, which is independent of which other bids are accepted — and the edge benefits, which are

defined between any two adjacent farms i and j. The regulator invites bids from farmers to join the
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conservation programme, and then choses those bids whish maximise environmental benefits — the

sum of node and edge benefits across all accepted bids — subject to a budget constraint.

4, Collective participation schemes

In collective participation schemes, contracts are awarded to a group or collective and not to
individuals. Pfaff et al (2019) discuss the potential benefits of such contracts. First, in some
countries, property rights over changes to land use may reside with groups of people rather than
with individuals. In Mexico for example, 60% of forest land is held under collective title. In such
cases, contracting with groups who collectively hold the right to deliver ecosystem services or
biodiversity benefits may be the only practical option. Second, the costs of monitoring and
negotiating over ecosystem service supply or biodiversity provision will be lower if contracts are with
groups of land users, rather than individual land users. Third, it may be necessary or more efficient
for collective actions to deliver the desired environmental benefit than for individuals to deliver
these benefits. However, Pfaff et al also note that groups of suppliers face issues over the incentives
for each member of the group to free ride in terms of team effort in supplying the collective output,
creating an “assurance game” which may have multiple equilibria, including one where too little
effort is supplied. Such incentive problems also exist for collective buyers of the ecosystem service.
In such settings, beliefs about the actions of others and the ability to monitor individual effort and
sanction non-compliance with a collective agreement to deliver the environmental output will be
important, implying that social capital will be a determinant of which equilibrium emerges.
Collective contracting may lead to the accumulation of such social capital within the group of
suppliers, but the initial stock of social capital will help determine whether such collective

agreements start to work. For indicative, qualitative evidence on this point, see Prager, (2022).

Villamayor et al (2021) identify three dimensions of collective agreement schemes, which they refer
to as “..public good provision, coordinated implementation and externality internalization”. Public

good provision refers to the coordination problem about decisions of each member of the collective
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of whether or not to participate in the joint contract; coordinated implementation refers to spatial
coordination amongst those who do decide to participate; whilst internalizing externalities refers to
the impacts of the actions taken each individual on their neighbours. They find that the preferences
of Swiss farmers asked about their participation in a hypothetical agri-environment scheme which
requires spatial coordination between neighbours was influenced by their beliefs about the likely
behaviours of their neighbours with respect to their ability to overcome social dilemmas around
coordination. Overall, though, the survey found that requiring farmers to cooperate with

neighbours in order to receive a PES payment was a dis-incentive to participate.

Since 2016, all agri-environment schemes in the Netherlands are open only to collectives of farmers
as participants (Westerink et al, 2017, Barghusen, 2021). Collectives reach agreements with the state
regulator over what kind of AES contract to sign, and then reach agreement with individual farmers
over how to deliver these outcomes and how to share payments. Bouma et al (2019) note that such
schemes face challenges in terms of participation rates due to the likely variation in farmer types
and scale, leading to heterogeneity in opportunity costs. If payments to the collective are equally
divided, then this means some members will not choose to participate if their opportunity cost
exceeds this uniform share. In an experimental study developed with Dutch farmers, Bouma et al
study the role of thresholds in determining whether payments are made to the group, noting that
this incentive mechanism is a type of threshold public good game with multiple Nash equilibria
involving different levels of coordination between members of the collective. They test whether the
success of such collective action schemes is influenced by whether collective members get to decide
on what the threshold payment should be (the environmental outcome used to define payments by
the state to the collective), and the principle by which funds are then allocated to individual
members of the collective. One interesting result is that setting a higher threshold improves the

performance of the scheme.
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Thiermann et al (2023) use a stated choice experiment undertaken with Dutch farmers to investigate
preferences for a hypothetical scheme to improve the conservation of meadow birds on agricultural
grasslands. They include a payment attribute which is specified as the number of meadow birds on
land managed by farmers within a specific collective, relative to the mean number of birds counted
across all collectives. This attribute combines a results-based aspect with a collective provision of the
biodiversity outcome. Sampling was limited to farmers who were already part of an action-based
collective participation AES for meadow birds. Contracts were specified in terms of a mix of
biodiversity outcomes and actions such as changes to mowing dates. Results showed that farmers
were positively influenced to join the AES scheme by the presence of a collective performance bonus

set at a high level.

Another question we might ask is whether making a given policy offer open to collective
participation in addition to individual participation improves the economic and ecological
performance of that policy. If collective participation would appear to make more likely the
achievement of spatial coordination for example, and if spatial coordination is a key determinant of
ecological benefits, then this hypothesis is worth testing. Banerjee et al (2021) undertake such a test
using the idea of joint bidding in a conservation auction. Their argument is: if environmental benefits
are increasing in spatial coordination, and if joint bidding with a neighbour improves such
coordination, then will the cost effectiveness of the auction be better when farmers have the option
to bid jointly with their neighbours? The authors note that this is not obviously the case: joint
bidding can reduce the number of bids offered relative to individual-only bidding, and thus make the
auction less competitive. This could increase bid prices and information rents. Moreover, deciding
whether and how to bid jointly with a neighbour incurs transactions costs for participants. To offset

these costs, the auction design offered a “bonus” for accepted joint bids.

Arranging “farmers” in a circular landscape — so that each individual has two direct neighbours she

can decide whether or not to bid jointly with — the authors ran a lab experiment, using students as
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subjects. Environmental benefit scores were based both on the node environmental benefits of each
individual bidding and the edge benefits between neighbours, to simulate spatial coordination gains.
Subjects were allocated “farms” which varied in their opportunity costs and environmental scores.
Depending on treatment, an individual Agglomeration Bonus (AB) was offered to individual winning
bids. Results showed that with such an AB on offer, allowing joint bidding gave no improvement to
either the environmental performance of the auction or its cost-effectiveness. Without such an
individual AB, joint bidding improved the environmental performance of the auction but resulted in
a loss of cost-effectiveness. The provision of a financial bonus for joint bids reduced how much
participants marked up their opportunity costs in submitting a bid, with higher joint bidding bonuses
leading to lower mark-ups. But with a fixed budget, paying these joint bidding bonuses reduced the

number of winning contracts the regulator could award.

The idea is further tested in Liu et al (2024), this time using actual farmers in China as the
participants. Farmers from the Huanshang area were organised into local networks of n=6 players.
Each player was told the opportunity costs, node and edge environmental benefits of their “farm”
on this network. These environmental benefits were associated with farmers joining a hypothetical
PES programme to reduce chemical pesticide use. Farmers either submitted individual or joint bids,
with and without (i) an individual-level AB and (ii) a bonus for joint bidding. The baseline treatment
was no joint bidding bonus and no individual-level AB, with only individual bidding allowed. The goal
of the regulator was to maximise environmental benefits on the network subject to a budget
constraint. Results showed that joint bidding resulted in no improvement in either total
environmental benefits or cost effectiveness. This comes about partly because of the cost of paying
the joint bidding bonuses. Farmers with higher edge benefits were more likely to chose to bid jointly,
potentially since such joint bids could results in greater rent capture owing to the higher

environmental scores (and thus a more competitive bid) which such a joint bid could result in.
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5. Markets for biodiversity offsets

For many of the policy ideas discussed above, funding typically comes from the public sector. For
example, Villanueva et al (2023) find that only 14 out of 93 schemes they review are funded by the
private sector. Whilst NGOs certainly play a major role in funding PES programmes worldwide, and
whilst user groups can also be the buyers of ecosystem services (Smith et al, 2019), in many cases
the state acts as the buyer on behalf of multiple beneficiaries within society. This is perhaps
especially the case for biodiversity, which lacks the privately-capturable benefit characteristics of
some benefits provided by ecosystem services — such as water quality enhancements. Markets in
biodiversity offsets are a means of bringing private sector funding into incentives for biodiversity
conservation on private land. Such markets can be regulatory or voluntary. In regulatory markets,
buyers — say house builders — are required by law to obtain sufficient credits from suppliers to offset
some measurable negative impacts of their actions on biodiversity. Voluntary markets emerge from
the desire of buyers to be seen to be paying for conservation, rather than a regulatory imperative. In

what follows, we focus on regulatory offset markets.

An offset is an entitlement to a measured gain in some metric (eg hectares of wetland, or hectares
of quality-adjusted wetland) which is supplied by a land manager who changes their land
management from some baseline to increase the value of this metric, eg by creating new wetlands
(Needham et al, 2019). In some offset markets (eg in New South Wales), credits can also be claimed
for avoided, measurable damage to some metric, such as not draining an existing wetland. Offset
credits can be created by one party, say a farmer in Kent, and then sold to a second party, say a
housebuilder in Surrey. Those agents whose behaviour leads to the creation of offset credits
constitute the supply side of the market. Buyers constitute the demand side. Trades between buyers
and sellers can be bilaterial, or can be moderated by an offset bank, which collects buy and sell
offers, and then matches buyers to sellers. The offset bank, or a regulator, can act both as an

intermediary between buyers and sellers, but in a regulated market also through validating and
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monitoring the creation and purchase of credits. For suppliers, their willingness to supply credits
depends on the (opportunity) costs of creating such credits via changing land use. If such
opportunity costs are heterogenous across space, we expect to find an upward sloping supply curve
in the market which reflects these increasing marginal costs. Buyers’ Willingness to Pay depends on
the value they create by developing land: the offset market demand is thus derived from the
demand for whatever the end point of the development is (eg housing). If the value of development
varies across space, then again we can expect to observe a downward sloping demand curve which
reflects the ranked willingness to pay of potential buyers (house builders) for credits (Simpson et al,

2021b).

In equilibrium, development is encouraged to take place in those locations where biodiversity loss is
expected to be lowest as measured by the metric, since these locations are where the number of
credits the developer needs to buy are lowest (ceteris paribus). Increases in biodiversity due to the
creation of credits is encouraged where the potential gain is greatest, since here land managers can
earn the biggest number of credits from a given restoration action. The market thus directs
development away from the highest ecologically-valued land (where more credits are needed to
allow development), and pushes conservation actions to locations with higher biodiversity potential
(where more credits can be earned). Depending on the choice of metric, the creation of credits can
produce coordinated, large-scale restoration and the emergence of conserved corridors. The
existence of the market means that (i) farmers have an on-going financial incentive to invest in
conservation whilst (ii) developers face an on-going cost from actions which deplete biodiversity. In

an important sense, the missing market is replaced and in principal, the market failure corrected.

However, this very much depends on how the offset market is designed, in terms of its metric
and trading rules, spatial scale, conservation objective and how the market is monitored. Needham

et al (2019) reviewed lessons learned from tradeable pollution permit markets for the design of
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emerging biodiversity offset markets, and concluded that there were four design parameters that

mattered:

- Policy targets and exchange currencies;
- Trading ratios;
- Market scale; and

- Market regulation.

Policy targets relate to whether the ambition is no net loss of some measure of biodiversity, or a net
gain. Current UK policy on biodiversity offsetting mandates a 10% gain from each trade, but typically
we think of the target as the equivalent of the cap in a pollution trading market. Simpson et al
(2021b) investigate the ecological and economic implications of changing this target in an ecological-
economic model of farmland use. They show that, in theory, the implications of a tightening of the
target (eg from no net loss to a 10% gain) on the equilibrium price and quantity of offsets traded is
ambiguous, but can be shown to depend on the price elasticity of demand for offsets. As the offset
target is tightened, developers need to acquire more credits for a given level of development, but
this same toughening of the target reduces the likelihood that the marginal development will go
ahead. These two effects work against each other in terms of equilibrium price and quantity. Their
empirical model relates changes in land use to predicted impacts on the abundance and distribution
of lapwings (Vanellus vanellus). Building houses at a location decreases lapwing numbers. Creating
low-intensity grassland increases lapwing and thus earns a number of offset credits depending on
how big the modelled increase in lapwing is. Using this model combined with Willingness To Pay and
Willingness to Accept functions (demand and supply functions) derived from house prices and farm
profits, the authors find that as the net gain target is increased, the equilibrium price and quality of
offset credits traded decreases, as the price elasticity of demand at the no net loss equilibrium is
highly elastic. Importantly, as the target for lapwing is increased (made tougher), this will have

impacts on other birds which depend on low intensity grassland. Setting a given quantitative target
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(eg no net loss) with regard to one species baseline will also produce different results for the target
being set for no net loss for a different species sharing similar habitat requirements, such as the
curlew (Numenius Arquata). Moreover, as the net gain target is increased, we see changes in both
overall lapwing numbers but also in where in the landscape gains and losses occur (Simpson et al,

2021a).

Exchange currencies are the metrics in which offsets are denominated. In the example above, the
metric is predicted numbers of lapwings on farmland in a specific area. However, biodiversity is a
multi-faceted concept, and multiple potential metrics exist. Using the same modelling structure as
that outlined above, Simpson et al (2022) evaluate the impacts of changing metrics in an offset
market. They consider the effects of (i) metrics defined in terms of predicted impacts on a specific
species, such as lapwing or curlew (ii) a metric defined in terms of hectares of a specific land cover.
Overall, they show that a trading metric defined in terms of habitat may lead to unintended losses in
species-based metrics; whilst a species-based metric will have impacts on how many hectares of the
focus habitat are lost or gained in aggregate. Setting the metric as numbers of curlew results in
trades, and thus land use changes, which impact on the numbers and distribution of lapwings. These
patterns of gains and losses in species and habitats depend on the underlying spatial distributions of

species, farmland profits and housing values.

Trading ratios determine how many credits from a conservation site j need to be purchased to offset
the predicted impacts of development in location j. A considerable literature exists on the impacts
and specification of trading ratios for tradeable pollution permits, which shows that too complex a
trading ratio can increase the transactions costs of trading, and thus reduce the efficiency of the
market, but can also result in unintended consequences on different measures of pollution (eg
ambient quality levels versus aggregate emissions). In biodiversity offsets, a largely ecological
literature discusses issues such as the incorporation of recovery risks and time lags in trading ratios

(eg Laitala et al, 2014; Kangas and Ollikainen, 2019). Bush et al (2023) explore whether the concept
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of “irreplaceability” in the systematic conservation planning literature can be used to inform trading
ratios for offset markets. Irreplaceability refers to the ability to exchange one conservation site for
another and still achieve target outcomes, which are usually related to species abundance or
extinction risks. Sites which are more unique in their characteristics will have higher irreplaceability
scores than those which display more widely found attributes, defined in terms of their ability to
move the planner closer to hitting species conservation targets. Many such targets can be
simultaneously considered. Using what they refer to as “summed alpha irreplaceability” forming the
trading ratio between any two locations (Baisero et al, 2021), they show that trading on this basis
results in more cost effective outcomes from the offset market than using trading ratios based on

more common metrics.

Market scale refers to issues such as geographic scope. The new biodiversity net gain offsets market
in the UK limits trades to the same council planning area (eg county) which the development occurs
in. Bigger geographic scales mean more choice for developers in terms of who they purchase their
offsets from, and a wider range of buy-sell offers. However, ecologists may worry about the ability of
distant conservation sites to offset damages at more local sites. Simpson et al (2021a) compare the
same biodiversity offset market at two different spatial scales. In the “full market scenario” the
entire case study area constitutes the geographic scale. An ecological model predicts the trading
ratios between pairs of sites across this whole area. A “three service area scenario” then divided the
case study area into 3 smaller zones. Within-zone trades are allowed, but no inter-zone trading is
permitted. All trades occur in a metric defined in terms of predicted impacts on oystercatchers
(Haematopus ostralegus). Results showed that the full market scenario led to no net loss in
oystercatchers, but bigger negative impacts on two other wader species (lapwings and curlew)
compared to the three service area scenario. A market clearing price of £21,000 per oystercatcher
occurs in the full market scenario, but the equilibrium prices in the three service area scenarios
varied from £771 to £39,000. This implies that moving towards a single geographic market would
lead to gains from trade compared to the divided markets equilibria. Interestingly, these gains from
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trade in moving to a single market favoured developers: suppliers (farmers) do better in the divided

markets scenario.

Finally, how an offset market is regulated will help determine its ecological and economic
consequences. Relevant aspects of regulation include monitoring and enforcement actions (eg to
make sure that predicted conservation outcomes are achieved in offset supply sites), and the time
scales over which offset contracts are agreed. Another key aspect of regulation will be whether the
regulator and/or offset banks facilitate trades by providing information on offers and demands from
sellers and buyers, and whether a bank of already-validated credits is made available to prospective
buyers. Ecological evidence on the effectiveness of offset schemes is currently rather pessimistic in
its assessment of outcomes (zu Ermgassen et al, 2019, 2021), so that much progress is still needed in

improving the design of this incentive mechanism.

6. Conclusions

In this paper, we considered the main characteristics of the policy design problem, given an
objective of incentivising more biodiversity conservation on privately-owned land. These
characteristics were heterogeneous and partly-hidden opportunity costs of conservation, spatial
variation in the capacity of land to deliver more of a biodiversity metric, and the costs of observing
farmers’ actions or efforts in conservation, or the outcomes of these actions. We then reviewed
recent research which has tried to cast light on how best to solve these design problems, under the
headings of paying for results rather than actions, spatial coordination, collective participation and

biodiversity offset markets.

Many other avenues of research are relevant to incentivising biodiversity conservation on private
land which are not dealt with here. These include (i) the use of nudges to change farmer’s
behaviours (eg Massfeller et al, 2022; Thomas et al, 2019); (ii) the fairness or otherwise of economic
incentives for conservation (Loft et al, 2020; Qambemeda et al, 2024), (iii) the extent to which PES

payments crowd out environmental motivations (Vorlaufer et al, 2023), and the (iv) optimal balance
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between regulatory approaches and voluntary opt-in PES-type measures (eg Barreiro-Hurle et al,
2023). There has also been increasing interest in understanding what motivates farmers to
participate in voluntary PES-type schemes, broadening these drivers beyond profit to include non-
monetary factors such as environmental preferences, and social pressures such as perceptions of
what it means to be a “good farmer” (McGuire et al, 2013; Sulemana and James, 2014; Dessart et at,
2019). Stated preference choice experiments have proved to be a useful tool to examine this wider
set of drivers, as have lab-in-the-field approaches (Cortes-Capano et al, 2021, Lefebvre et al, 2021;
Schulze et al, 2024). Finally, | note that there are a number of existing reviews in the literature
evaluating the performance of PES-type schemes for conservation: see for example Engel (2016) and

Wunder et al (2020).

A summary of the impacts of research on actual policy in these areas would be to say that it has
been small as far as one can judge. Most PES policies concerned with farmland use and biodiversity
still involve fairly simple payment-for-action schemes which do not account for any of this recent
research (Hasler et al, 2022). Some progress has occurred, in terms of the spread of payment-for-
results schemes (for example, CAP eco-schemes in Germany and Holland), greater uptake of
collective contracting, and the new (2024) UK market in biodiversity net gain offsets: but these
changes are at the margin of policy design. Clearly, economists still have a lot of work to do to better

communicate their ideas to biodiversity policy designers.
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