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Abstract

The idea of Payments for environmental servicesS{Pias an appealing simplicity, which may expldie t
success of the concept. However, successful psojaa far limited though and two constraints haeenb
identified in literature. The first is limited demdx too few service users are so confident abauimibchanism
that they are willing to pay. The second obstaslpdor knowledge on the institutional requiremeanitailing
incentive and livelihood mechanisms which so fareheeceived comparatively less attention. This p&pruses
on both constraints by arguing that monitoring effeeness and conditionality of PES schemes areiarand
that institutional arrangements for monitoring shdue in place. By analysing in a systematic wayikipes of
measurement problems there are, the paper showthéhtype of monitoring that is required withirP&S has
consequences for the institutional arrangement eteddr a successful PES. We find that the instihal
arrangements for monitoring vary according to (g ttype of environmental service and its underlying
production process, (ii) the extent to which th&iemmental service can be freely observed or nreas\iii)
the extent to which activities of the resource ngams who provide the environmental service canrbelyf
observed, and finally (iv) the deterministic ordtastic nature of production processes.

Keywords: PES, monitoring, measurement, institi@rangement



Introduction

There is an increasing interest in Markets for Emwnental Services (MES) as an approach
to integrate economic growth, ecological integatyd poverty reduction goals (Hope et al.
2005; Landell-Mills and Porras 2002). Most come dotw payments for environmental
services (PES) where the ‘demand side’ is oftengireernment (Kumar 2005). Because
environmental services have a public good natusgeigmments have usually taken up the
responsibility of maintaining them. Many PES scheraee funded by development agencies
or rural development programs, reflecting a combigmal of poverty alleviation and
conservation of environmental services. Howevaremeresearch has shown that the poverty
impact of PES is often mixed at best and may bettedi wealthier who have more natural
assets (e.g. large landowners) (Landell-Mills 2088pe et al. 2005; Zilberman et al. 2006;
Pagiola 2005; Zbinden 2005; Grieg-Gran et al. 2005)

The idea of PES has an appealing simplicity, winigty also account for its success in recent
years. Proposals to apply PES for various goalsuradho Successful implemented PES
schemes are far fewer though. Wunder (2005) idestifvo key obstacles. The first obstacle
is limited demand: too few service users are sdident about the mechanism that they are
willing to pay — in some cases, because the linkvben land use and environmental
services (ES) provision is insufficiently understoor ambiguous. The second obstacle is
poor knowledge on the institutional requirementgading incentive and livelihood

mechanisms which so far have received comparatlestyattention.

Wunder (2005:3) defines a PES aa:voluntary transaction where a well-defined ES dor
land-use likely to secure that service) is beinguht’ by a (minimum one) ES buyer from a
(minimum one) ES provider if and only if the ES vider secures ES provision
(conditionality). The last requirement on conditionality is thecds of our paper. It is an
extremely important one because it ties in with first obstacle mentioned by Wunder. As
Pagiola and Platais (2005) statelf ‘services aren’t delivered, people won’t pay
Demonstrating that ES are provided entails estaiblisa biophysical link between land uses

and ES outcomes and developing suitable methods\éasuring and monitoring provision



of the service. The lack of information to link dggs in practices to increased provision of
environmental services remains the “Achilles hdel’ most PES programs (Pagiola et al.
2002).

It seems that poverty considerations may lead oedarding this conditionality(...) most
implementers seem to shy away from the businesseliture of only paying the providers if
they actually deliver the agreed-upon service. énayal, they are too concerned about
disrupting their relationship with poor rural farmeto withhold payment.{Wunder 2006),
see also (Scherr et al. 2006; Wunder et al. 20@Btniann 2004). Ironically, the concern of
the implementers (mostly governments or donor agehowith poor rural farmers and
ignoring the effectiveness of PES programs may comgse the long-term success of PES,

jeopardizing the potential benefits of PES for éhizsmers.

Another important reason why many PES schemes fawemonitoring schemes is that it is
often difficult to measure environmental servicad & establish a cause-effect relationship
between land use and the services (FAO 2004). iBe#itips among management practices
on specific farmers, effects on environmental $®wj and benefits derived from these
services are often complex and not completely wstded (Claassen and Horan 2000; Kleijn
2006). Clear and measurable indicators for therenmental services are often assumed.
However, these are often lacking as well as a tielabetween the agricultural practices and
their effect: ‘most of Europe's agri-environment schemes havewagye goals, such as to
"prevent damage to the environment" or "providediifit habitats". Specific targets are not
set; progress is rarely monitored; the baselinemfrwhich they start are not defined. The
good that they do is thus hard to measure, whichoime eyes makes the schemes hard to
justify” (Whitfield 2006:908). When a study evaluated thagri-environmental schemes and
found them to be less effective than assumed (Kleij al. 2001), this led to a storm of
discussion and possibly to reduced funding for ssafemes (Whitfield 2006). In a follow-
up project on evaluation of agri-environmental sols, one of the conclusions was that
“insights into cause and effect are important foe tfesign/re-design process, for which
monitoring and clarity of objectives are KeyYEASY-project 2006). Finally, Rousseau
(2007) concludes that it is pointless to develomseovation policies if they are not

complemented with a monitoring and enforcementeggsaand that incomplete enforcement



has great significance in the government’s chofcasirument with which the conservation

goal is to be achieved.

This paper analyses the question that if monitoignigpdeed necessary for an effective PES
scheme but at the same time involves (high) traimsacosts, how should monitoring be
organised to minimize these transaction costsddisdso by systematically analysing the
types of measurement problems that exist, makiegofighe literature that has appeared in
the relevant fields. The paper concludes with arsarg of the findings and some hypotheses
for future empirical work on monitoring issues.

The role of monitoring in PES

In general, a PES scheme includes certain econag&nts (resource managers or farmers)
who manage resources that provide a positive emviemtal externality, or environmental
service. This environmental service benefits armageup of people, which can be a specific
group of people or society as a whole. These beadés can be labelled the ‘service
demand side’ or ‘buyers’. For simplicity and follmg principal-agent theory, we will
hereafter call the service providers ‘agents’ ane $ervice demand side the ‘principal’,
except in cases where we want to describe thedfjpgent or principal. In many cases the
government, representing the interests of the bdagés, acts as the principal. We therefore
assume there is only one principal and refrain foases where there are multiple principals
entering into contract with one or more agents. 3&® assume that agents face the same
opportunity costs and are symmetric in their infloe over the production of the
environmental service, although we will relax tmastriction at the erld The agents and
principal agree on a contract which specifies ttteas that the agents should undertake and
the payments terms. The principal expects the r&tiof the agent to lead to certain
environmental services, for which she is prepacegay. The payments cover at least the
opportunity costs of the actions implemented by #gent, satisfying the participation

constraint. Transaction costs play an importarg inl PES schemes. Transaction costs are

! | therefore do not investigate adverse selecatthpugh this is an important issue in PES (Ferr2005). More
attention has been given to adverse selection @mubin agri-environmental schemes, compared tolrhagard
problems (Ozanne et al., 2001). Adverse selectitimfixed and variable costs in PES is taken upiiguedas,
Meijerink, and van Soest (2007).



often under-estimated and may undermine the viglofia PES scheme (Landell-Mills and
Porras 2002). Therefore the set-up of any PES selmeust aim to reduce transaction costs.
This can be achieved by choosing the most appiepiisstitutional set-up (Eggertsson
2005).

Payments are conditional on services providedoinesPES schemes, payments are made to
communities in the form of community social suppetich as building a road, giving access
rights or any other royalties, or building a nevh@a or health centre (Noordwijk et al.,
2004, Rosa et al., 2003). However, this undermihesconditionality of payments, as these
cannot be taken away when environmental servicesnat supplied. We will therefore
assume that payments are made contingent and @hatampliance leads to reduction or
discontinuance of payments. Finally, informatiorthgaed from monitoring serves as the

basis for enforcement.

Although there is a wide range of economic literaton enforcement (see Polinsky and
Shavell 2000 for an overview), monitoring and eoémnent have often been ignored by both
academics and policy-makers when discussing enwiemtal policy alternatives (Cohen
1999). In the economic literature on enforcemehg principal’'s problem is to choose
enforcement expenditures (or equivalently probbdif detection through monitoring), the
level of fine, the standard for imposing liabilignd, if relevant, the imprisonment term.
Because there is a trade-off between the leveingf &nd enforcement expenditures, the
principal can reduce monitoring costs by imposirighhfines (Becker 1968). In PES
schemes, the voluntary nature limits the rangeunighment mechanisms. Either they do not
exist at all (see Wunder et al. 2005), or theylmnéed either to decreasing payments or to
ending the contract completely. In agri-environna¢sichemes in Europe and the US, the
possibility of a fine is often included (Ozanneakt2001), but because many PES schemes in
developing countries aim to enhance rural developrard reduce poverty, imposing a fine
on poor resource managers in addition to withhgldpayments might be considered
inappropriate. Thus, in most PES schemes there idditional fine and the “punishment”
consists of reducing payments, which is of a lichitange. This can be modelled as limited
liability. Given that there is a trade-off betwethie level of fine and level of enforcement or
required monitoring this implies that monitoringdaenforcement expenditures cannot be
decreased much.



Three main environmental services can be distimgaiLandell-Mills and Porras 2062)
these categories are also used by Rohjan and E2Qfi5):

= Biodiversity conservation

= Carbon offset

= Watershed protection
Rohjan and Engel (ibid) categorise these accortiqgoduction technology. We will do the
same but in a slightly different manner. Our créteare two-fold and linked to monitoring of
input (activities implemented by the agents) anttame (the environmental service). The
first criterion is thus at the level of the actieg where we make a distinction between those
services whereby the individual activities can beasured independently and those whereby
the activities influence each other, i.e. the atitiy of one agent affects the activities or
outcome of another agent. The second criteriont ithe level of the outcome where a
distinction is made between those services thatbeaattributed to an individual agent and
can thus be monitored per agent, and those seniltas are pooled or joint. This
classification is illustrated in figure 1. FollovgrRohjan and Engel (2005), we characterise
environmental services that can be supplied thramgindependent, an additive or a joint
multiplicative production function. One square (bat left) is left empty because it is
technically not possible that a production functiicharacterised by interdependence but its
outcome is not.

2 Landell-Mills and Porras (ibid) also identify lssmhpe beauty, but we will disregard this servicesfimplicity,
as it is often combined with biodiversity protectio



Figure 1. classification of environmental serviaesording to measurement of input or
outcome

Outcome: environmental service
Individual Joint

Production functiontndependent Production functionAdditive

Example:Groundwater
Example:Carbon offset through trege management, watershed
planting protection, decrease of run-off

Individual

Production functionJoint
multiplicative

Input

Example:biodiversity
conservation through joint forest
management or through agri-
environmental management
practices

Group

Stochastic

Determiristic

A third dimension is added in the figure and thetwhether the link between input and
outcome is deterministic, which means that the @ute is completely determined by the
activities implemented by the agent, or whetheis istochastic, and that the outcome is
influenced by natural processes, such as climatest Mnvironmental services are more or
less influenced by natural processes, and thusagleat has no complete control over the
outcome. Generally, in a market, buyers of a goodesvice pay for the good or service
itself, and do not care how much effort was put itite productioh When you buy bread

from the baker you are not interested in how mutdrtethe baker put into it, you care about
the bread you buy. Similarly, buyers of environna¢rgervices presumably therefore care
only about the outcome of the production procesd, reot about the activities the resource
managers have put into this. Thus, buyers on thie@mmental services markets would pay a
certain price for each tonne of carbon offset, cubetre of water supplied downstream,
tonne of sedimentation reduced, number of rareiepgurotected. This would suggest that
monitoring would only need to be done at the outedevel. But this is only possible when
the production process of environmental servicednsst completely deterministic and the
cause-effect relation between input and outcomelear. Because it is not, monitoring is

necessary of the activities implemented by the gen

% Although increasingly, consumers care about toelystion process: whether it was environmentalgnfily,
or socially acceptable for instance.



The stochastic nature of the provision of environtak services thus includes a certain
amount of risk. It is possible that certain aci@sthave been implemented (at a certain cost),
but that natural processes reduce the outcomeinBtance, resource owners are paid to
conserve a forest, but this forest is burnt by ratéorest fires. In some cases, climatic
conditions render the activities implemented bydbgents ineffective. To illustrate this case,
farmers are paid to implement soil and water corsgEm to reduce soil erosion but in a year
with little rainfall there is little erosion anywagnd the effectiveness of these structures is
negligible. These effects are to some extent maatir it is easy to verify whether there
has been a fire, or the amount of rainfall. Bubiher cases the exact link between activities
implemented by the agents and the resulting enwiemtal service is not clear because the

natural processes are not well understood.

The stochastic nature of the production of envirental services means that there is a
production risk. Who should bear this risk, the rdageor the principal depends on the
contract. Especially when the agents are poor amd/@nerable to financial insecurity, the
balance should be carefully considered. Rojahn Emgel (2005) discuss the role of risk
through environmental processes in optimal incentiontracts (see also Ozanne et al. 2001;
Fraser 2002). They observe that the general steicfuPES contracts should be a two-part
linear payment. The two parts of the payment schaneea fixed compensation and a
variable payment based on the produced amounteocérniironmental service. They serve to
balance risk and reward. In general, risk and as&rsion on the part of the agent increase
the risk premium of the agent and in that way tloeist of supplying the environmental
service. We will not discuss the role of risk fuathalthough we acknowledge that risk and

risk aversion are important aspects in designin§ Béntracts.

Independent production function

An example of an independent production functioniré® planting to provide the service

carbon offsetting. The activities of the resourcanagers planting the trees can be easily
observed. The outcome, reduced carbon in the amat be observed easily, but the link

between the number of trees and the amount of naoHeet is clear and can be measured

easily, thus we can safely interpret this as themue being easy to measure.



In the most simple case, three criteria are satsfji) the production function is independent,
() the link between input and outcome is clear énginput and outcome are measurable,
and a simple institutional arrangement will prolyadhd. A contract or agreement will specify
certain (measurable) targets that need to be ntethwean then be verified by the principal
with negligible transaction costs. PES schemesoéien portrayed in these terms, but this
simple case is rare in reality. Even in situatisnsh as tree planting, the principal must make
some costs to verify input or outcome. EspeciailyaiPES scheme in which many agents
participate, the sum of all monitoring costs canshéstantial, let alone the enforcement
costs. Monitoring costs can be reduced by usingrigoes such as remote sensing, which
will cover many agents. The number of trees plaatedl amount of carbon sequestration can
be monitored by for instance remote sensing teckasiqVincent and Saatchi 1999), which
will reduce monitoring costs per tree planted. Amotapproach can be to work with groups
of agents, where the agents monitor each otherttangrincipal monitors the group, and
holds the group accountable for the input and ou&koGhate and Nagendra (2005) for
instance examine the impact of the institutionaigire on monitoring and on the
effectiveness of forest management in India. Theg that local enforcement (i.e. by the
agents themselves) has been most effective in dse evhere forest management was
initiated by the communities. However, this apptodcings about potential problems of
free-riding within a group, and specific solutiomsist be found for this problem. We will

discuss group monitoring below under additive padidun function.

When outcome can be observed easily, but inputatatirere is a moral hazard situation. In
general, in principal-agent models with moral hdzérthe principal observes the outcome
but not the action, she can design a payment aul¢hk agent, based on the outcome, that
provides the latter with appropriate incentiveatb (Singh 1985; Macho-Stadler and Pérez-
Castrillo 2001; Laffont and Martimort 2002). Moniieg is therefore often excluded from
principal-agent models. However, Grossman and &&3) in their seminal paper on moral
hazard, acknowledge that the assumption that theipal cannot monitor the agent's actions
at all may in some cases be rather extreme. In sasks, imperfect monitoring of the

activities or effort of agents plays a role.

In the case of independent production, it is ndérofthe case that the input activities of

agents can be observed but outcome cannot. Dinre tohiaracter of independent production,



the outcome arises at the same locality as wherénffut measures are implemented and is

therefore usually observable.

Additive production function

An additive production function resembles the iretegent production function in that each
agent contributes to the environmental functiorepghdently. But with additive production,
the combined effort of several agents producesirg mutcome. For instance, if several
farmers reduce pumping of groundwater, the ovesaller level will rise, which can be
measured. We assume here that the contributioradi agent is symmetric and additive.
Thus if the outcome is lower than expected or $gecin a contract, the principal knows that
one or more agents have not contributed. The mahaan only find out who by inspecting
each agent. If the group of farmers is large, tiencosts of inspecting each agent will rise

accordingly.

This seems to be another moral hazard problem fochwthe solution is a contract that
entails the right incentives to overcome this peahnl But the common assumption in moral
hazard is that outcome is freely observable anficgritly informative about the agent’s
effort to warrant using it for contracting, which the case of additive production is not
tenable. In the above case, for instance, the magmverall water level) is not sufficiently
informative about the individual agent’s effort. this case, some form of monitoring
becomes necessary (Singh 1985; Baiman and Raja#).19Be question now is how the
principal should monitor the contribution of theeags. In an additive production function, it
is possible to monitor the individual activities tbie agents and the joint outcome, be it at a
cost. There are two alternatives. The first is thatprincipal inspects all agents to determine
who is shirking, and the second is that the prialcgmntracts a group of agents and leaves it
to the group of agents to monitor each other. Véarag here that the activities of the agents

can be observed, be it with (varying) cost.

In the first case, inspection games can be appdiethalyse the strategies of the players and
establish optimal monitoring (Fudenberg and Tir@R91). Inspection games have been
applied to various problems, including environmenggulation (Avenhaus et al. 2002) and

various institutional arrangements, such as inag@n auditor can be modelled (Rasmusen



2007; Dittmann 1999). Inspection games often l@adixed strategies, which are not as
intuitive as pure strategies because people deaketrandom actions. But a mixed strategy
here can be interpreted as a principal and a nuwmibagents, where the principal selects at
random an agent to monitor, with a certain proligbi¥ice versa, each of the agents chooses

to shirk some x percent of the time, and coopet@@— x percent of the time.

In the second case of group contracting, the graiccan reduce monitoring costs and
transfer these costs to the agents. This is apptepvhen monitoring costs are high for the
principal but lower for agents. One could thinkagfents who are neighbours and who can
easily observe each other’'s activities. The prialcigan then choose to inspect the group,
which brings us back to the above situation, wileeegroup can be considered as one agent.
Establishing a contract with a group of agents hafundamental difference with the
principal-agent relationship and that is that groefationships entail the problem of free-
riding since the effect of a reduction on efforg(ehe principal punishes the whole group) is
shared by all agents (Macho-Stadler and Péreziltas001). This problem can be
modelled as a non-cooperative game, whereby thgersdachoose between the strategy
“cooperate” and put in the required effort levels,;'shirk” and free-ride on the other agents.
There are two conditions that enable an agentee-fide: first, the principal cannot detect
who is free-riding and second, the principal pdys group of agents according to outcome
and this is shared equally between group merfibers

Enforcement mechanisms do not need to take the farpunishment in the form of
imposing a fine. There are various reasons why lpewfll cooperate. This can be morality
(people do what is morally right regardless of watter do), altruism (people are willing
selflessly to contribute to a public goal), or inatity aversion (people feel guilty when they
disadvantage others). However, Barron and Gjer@®7) find that what they call ‘peer
pressure’ does not always have a positive outcohenvagents engaged in group production
can detect and punish shirking (see also KandelLazdar 1992; Huck et al. 2002 on peer

pressure). They describe for instance that thene lmeaa conflict between the principal and

“ It is interesting that in social psychology litena, various other motivational reasons for shighf'social
loafing’) have been found, such as the lack of iifieation of individual contributions in a groujifert,
difficulty to establish a relationship between ihpad output, and a minimum of evaluation potential
(Vermeulen and Benders 2003). This suggests thasumement difficulties and the complexity of input-
outcome relations in PES actually contribute tokshg in groups!
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the agents as to the optimal norm or sanction. pidtential punishment agent 1 imposes on
agent 2 benefits 1 if it induces greater effortZbyBut agent 1, unlike the principal, may not
take into account the cost of such punishment imgeof deterioration on the work

environment or psychological cost (such as guilt)agent 2.

Several authors have analysed the role that purishntrust and reciprocity play within
game theory (Carpenter et al. 2004; Cox 2004; Ewgenick and Slonim 2003; Brosig
2002; Gintis 2000) and in common pool resourceirggtt (Castillo and Saysel 2005;
Céardenas and Ostrom 2004). Repeated cooperatids teglayers acquiring a reputation of
being cooperative. This leads to trust, other plagapect a player with a reputation of being
cooperative to be cooperative also in the fututeeyTthen feel confident to reciprocate and
also cooperate. The more repeatedly cooperativaviimlr is displayed, the higher levels of
trust are attained. However, if players defect abthin a reputation for being cheats, other
players lose trust in them and will no longer b#ing to cooperate. The more often a player

cheats, the less cooperation will be achieved.

Joint multiplicative production function

A joint multiplicative production function is charised by the interdependence of
production functions of different agents. Besides fact that natural processes play a role,
the activities of the agents influence each otldreir combined activities, no longer
independent, lead to a joint outcome. For instatieeeffect of the activities implemented in
a certain field under an agri-environmental scheiret aims at improving biodiversity
(plants, birds etc) depends very much on what happe neighbouring fields. The
implementation of agri-environmental schemes omallsnumber of interspersed fields, as
compared to a scattered distribution of isolatexld§, can improve the effectiveness of
conservation measures by providing stepping stdoespecies dispersal (Kleijn 2006).
Parkhurst et al. (2002) explored the possibilityachieving adjoining fields through an

agglomeration bonus.

Another way of achieving this is by offering grogpntracts. If it is not just a matter of

joining fields but if specific activities of adjdimg agents influence each other, it makes sense

11



to contract a groupso that agents can coordinate activities. Howetés type of group will

be slightly different than we discussed in the pres sections and has been labelled team
production. Alchian and Demzetz (1972 p. 779) wtre first ones to describe team
production: With team production it is difficult, solely by @pging total output, to either
define or determine each individual's contributimnthis output of the cooperating inputs.
The output is yielded by a team, by definition, #mslnot a sum of separable outputs of each
of its member$ Alchian and Demsetz thus make a distinct separdietween additive and
joint multiplicative production functions. After ¢hseminal paper of Alchian and Demsetz,
team production has been analysed by several aut(specifically Holmstrom 1982;
McAfee and McMillan 1991) and has been applied &myndifferent settings.

If we take the strict definition of team productiand assume that it is not possible to observe
the cooperation (i.e. marginal productivity) of reanembers, neither the principal nor the
agents can enforce cooperation based on monitortiigdual input. This again runs the risk
of becoming a prisoners’ dilemma in which the Nashilibrium is shirking by all players.
Holmstrém (1982) has shown that under certdjntigam incentives alone can remove the
free-rider problem. Such incentives require peeslthat waste output or bonuses that exceed
output. The principal either enforces penaltiesfters bonuses. This role is what Holmstrom
calls the ‘breaking the budget-balancing constraiftie free-rider problem is not only the
consequence of the inability to observe actions,dnually the consequence of imposing
budget-balancing. Breaking the budget constrainft permit team penalties that are

sufficient to police all agents’ behaviour.

Although the role of the principal as a budget-kegas certainly a solution to the free-rider
problem in the case where agents’ activities cabeomonitored, Rojahn and Engel (2005)
point out that this type of collective punishmeastseveral disadvantages. Most importantly,
it might be perceived as unfair because it may teaal situation where complying agents are
forced to make up for their free-riding agents woid punishment. Bowles (2004) adds to

this that when there are significant stochastitugrices on the level of performance of the

®In the Netherlands, farmers have organised themséhto such groups. The European Union has rgcent
allowed that farmers can participate in groupsgn-anvironmental schemes (IPO, 200&derlandse
Catalogus Groenblauwe diensten 2007

® Although group incentives can also work under uiadety, their effectiveness will be limited if treeare many
resource managers and if the resource managerislkaverse. In this case, the need for monitoariges.

12



team, which is very possible in PES schemes, Hoimss solution becomes unfeasible.
However, it is difficult to find an alternative smion to the case where shirking cannot be

detected and this is why Holmstrom'’s contributisrs® important.

A more fundamental point of criticism is that Holndsn’s model assumes that the principal
and the agents have conflicting interests. Howewrg could assume that agents will not
enter into a voluntary PES contract under a teasdymtion scheme when they do not agree
with the goals the principal has set. This willthee for some PES settings, especially when
PES contracts only pay the opportunity costs sgdh anany agri-environmental schemes in
Europe. Changing the conflicting goals assumptisanges the uncooperative situation to a
cooperative model. More recent literature analysedal hazard with several agents under a
cooperative model (see Che and Yoo 2001 for anvier Macho-Stadler and Perez-
Castrillo 1993). Cooperation between agents dependsnongst others, whether there exists
a group culture or cohesion within a team. This bamachieved by the incentive scheme.
According to Harkins et al. (1980; cited in Verm@uland Benders 2003) rewarding and
punishing agents should be based on group outcbewsuse the individual efforts are not
visible. Group rewards are seen as an importargrigdgtant for cohesion, as collective
rewards increase the ‘group feeling’. Case stuidi¢ise area of the provision of water-related
services by farmers in The Netherlands have demairdtthat interactive learning processes
among area-based stakeholders can function asfeativ# governance mechanism in the
water sector (SLIM 2004a; 2004b).

The last case we will shortly discuss here is wjoért output is costly to observe and input
may also be costly to observe. We have not foundynmaodels that incorporate these
restrictions. Gautier (1999) developed a model mctv the agents and principal invest
together to develop a product (in our case a cemavironmental service). Agents are
responsible for the production of the service, #mal principal invests in monitoring. The
level of effort by the agents is private informatito each agent. The efforts determine,
together with a random shock, the output's valueis Value remains unknown until the
product is brought on the market. There is thusna tag between input and outcome. For
PES this may be a relevant model, as the outconmectdfities implemented by resource
managers often only appear after a certain peniothé case of watershed services appearing
downstream, or number of birds after the breediegssn) and are influenced by natural

13



processes (which may take the form of a randomlighdc the model, the principal can

observe a signal about the output’'s quality. Theueacy of the signal is affected by the
principal’s monitoring decision. Without monitorinthe signals are noisy. By investing in
monitoring, the principal can observe perfectlyoimfiative signals. For PES this may be
interpreted as follows. The principal may obsereens signal about the environmental
service delivered without making too many costs.wkler, in order to measure the
environmental service precisely, the principal mosest in a costly measurement exercise:

an extensive survey of agro-biodiversity in an aceajuantity of water downstream.

Conclusions and discussion

Because the idea of PES is so appealing, many Ri&cts are being implemented around
the world. The appeal of PES is enhanced by theitfaan provide poor resource managers
an additional income source, thus combining envitental and poverty reduction goals. It
seems that because tbenceptof PES is widely accepted, the need is felt lesadtually
show the effectiveness of PES projects and medbkarenvironmental services provided, or
monitor the activities implemented by the resournanagers. However, showing the
effectiveness of PES is crucial to its long-termcass, especially when the private sector is

going to buy into the concept and pay for the emrinental services they benefit from.

The specific nature of environmental services makesitoring a multifaceted issue. The
institutional set-up of a PES scheme depends ahdijype of environmental service and its
underlying production process, (ii) the extent thick the environmental service can be
freely observed or measured, (iii) the extent tacWhactivities of the resource managers who
provide the environmental service can be freelyeoked, and finally (iv) the deterministic or
stochastic nature of production processes, or ifigrently, the extent that natural processes
determine the environmental service. Transacticstscarise when costs must be made to
measure the activities of resource managers anghnwieonmental services. If these are high,
implementing a PES scheme may become infeasible.iff$titutional arrangements must
therefore be such that they reduce transactionscastl maximise pay-offs to resource
managers and the principal. This may be achieveprtwiding different types of incentives,

which include payment arrangements and punishmantsdifferent monitoring systems.
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We have distinguished three different types of mmmental service production processes
(following Rojahn and Engel 2005): independent, itz and joint multiplicative. We have
shown that there are different monitoring issuesttie three production processes. The role
of monitoring has been paid relatively little atien, and to our knowledge, the different
types of institutional arrangements for monitorthgt fit different types of PES schemes and
related transaction costs have been often igndreg. paper is a first attempt to shed some
light on this issue, but more (empirical) work nedd be done to develop institutional
arrangements that on the one hand reduce transamigis of monitoring and on the other
hand show the effectiveness of the PES scheme.pHpier has put forward the hypothesis
that in case of an independent production functioanitoring can be done on the basis of
individual contracts. Depending on the ease withclwhenvironmental services can be
monitored, different monitoring tools can be impénted (e.g. from remote sensing to
individual visits). In the case of an additive puotion function, monitoring can be done on
the basis of a group contract. Different arrangesmé&r monitoring the group and avoiding
free-riding behaviour, are possible depending entytpe of group. But monitoring is based
on joint output and individual activities (inputjor a joint multiplicative production

function, monitoring should be based on a grougreashand based on joint output only.

Empirical work should test whether these options @) indeed the most effective (i.e.
workable and acceptable to agents) and (b) the mfisient (i.e. minimise transaction
costs). As a follow-up to this theoretical workisitenvisaged to test these options in the field.
This will be done in the framework of the “Green MfaCredits” project that will be
implemented in Kenya in 2008. In this project, farmwill be monitored for ‘green water
services’ they supply by implementing soil and watenservation practices in their fields.
These ‘green water services’ entail increasing gbié moisture content, and by doing so
increase groundwater levels and reduce soil runidfé beneficiaries of these services are
multiple, but the main group are the electricitymmanies that use hydro-electrical dams.
These dams need a regular flow of (ground)wateraareuced soil run-off that siltates the
dams and damages the turbines. This is an exarhple additive production function. Three
monitoring arrangements will be tested. The firgt @ntail group contracts (e.g. per village)
where the group will monitor each of the membefrsettain farmers of the group are found
to be skirting (by field visits), this will have neequences for the group as a whole (in terms

of payment). The second will also entail group cacts, but monitoring will be done through
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remote sensing instead of field visits to reduamdaction costs. However, it might be more
difficult to pinpoint individual farmers and agaangroup will be held accountable for any
skirting detected. The third will be individual doercts and individual monitoring. This paper
asserts that this last option is difficult to implent because output (i.e. increased
groundwater flow and reduced run-off) is extremdifficult and costly to measure per

farmer. But it is included to test this assertion.
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