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Abstract 
Clarifying the necessary conditions for the emergence of payments for eco-
system services (PES) and the situational variables that affect PES is the basis 
for their interpretation, prediction, and selection. This article proposes an 
analytical framework for the emergence of PES and argues that the key to de-
termining whether PES can occur and whether a selected PES program is ap-
propriate is to evaluate the net gain. When payers anticipate that a PES pro-
gram will provide a satisfactory number of ES and a net gain over the oppor-
tunity cost and will cover all costs, it is assumed that the program will be im-
plemented. When it is difficult to accurately evaluate the net gain of PES, the 
situational variables that affect the costs and benefits need to be examined. 
The group characteristics, ES characteristics, spatial and temporal contacts 
between the suppliers and demanders, correlation with private goods and ad-
ditionality are important situational variables that affect the emergence and 
choice of PES. 
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1. Introduction 

Ecosystem services (ES) are the fund-service resources that human beings ac-
quire from the ecosystem, some of which are irreplaceable [1] [2]. Changes in ES 
have serious impacts on human well-being [2] [3] [4]. Many ES are non-exclusive 
in use, and some are noncompetitive and thus ignored by the market [1] [5]; 
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thus, decision makers rarely take into account their importance [6]. Since the 
second half of the 20th century, the global ecosystem has been degrading rapidly 
due to the rapid world population and economic growth and the excessive hu-
man demand for ecosystem services, and most ES are becoming scarce [1] [3]. 
Reasonable ecosystem management measures can often reverse the degradation 
of ES [2]. Payment for ecosystem services (PES) is an institutional arrangement 
that provides ES suppliers with positive financial incentives [7] [8] [9] [10]. PES 
schemes are attracting more and more attention from scholars and conservation-
ists [11]. PES has been introduced in many countries and regions [12] and has be-
come a common practice to address the degradation of ES [10] [13]. However, 
PES remains multi-facetted with many diverse definitions [14], and two main 
conflicting viewpoints exist. 

One view is that efficiency is a priority. This view argues that PES should put 
the Coase theorem into practice. Wunder (2005) defines PES as: “a voluntary 
transaction where a well-defined service (or a land use likely to secure that ser-
vice) is being ‘bought’ by a (minimum one) ES buyer from a (minimum one) ES 
provider if and only if the ES provider secures ES provision (conditionality)” [7]. 
This definition defines ES in a narrow sense. Scholars ascribing to this view be-
lieve that those with the most adequate information about the value of ES can 
directly participate in the process, ensure that the PES mechanism runs well with 
a clear motivation, can directly observe whether services are supplied efficiently 
and (if necessary) can renew or terminate the agreement [15]. Thus, voluntary 
direct market agreements between ES users and suppliers can achieve optimal 
allocation of resources. People with this view see PES as a mechanism based on 
markets or similar mechanisms and favor direct beneficiaries (users) paying for 
ES supply activities [7] [16]. PES payers and decision makers are actual users, 
and ES are a fully voluntary transaction. PES can be categorized as Coasean PES, 
private PES or user-financed PES label [10]. Although many supporters of this 
view agree with some functions of government intervention, most emphasize 
only the role of government in defining property rights, forming executive con-
tracts and reducing transaction costs [1]. However, many ES have non-exclusive 
features in occupancy [1], which means that the voluntary improvement of eco-
system management is a positive externality. Without government intervention, 
the ES supply will be inadequate [8] [17]. Moreover, the adoption of a market 
approach may lead to very unequal distribution, and obtaining sufficient pay-
ment capacity may require involuntary measures such as taxation or non-voluntary 
means of mandatory fees [1]. In this view, PES is thus a government-financed 
mechanism, as Muradian et al. (2010) defined PES: “A transfer of resources be-
tween social actors, which aims to create incentives to align individual and/or 
collective land use decisions with the social interest in the management of natu-
ral resources” [8]. This definition is referred to as broad PES and emphasizes the 
multiple objectives of the sustainability of ecosystems, a scenario in which fair 
distribution takes precedence over efficiency [1] [18], and the non-excludability 
of government payments [8]. Many PES programs that have been implemented 
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involve government intervention and public payment schemes [15], such as Pa-
gos por Servicios Ambientales (PSA) in Costa Rica, Pagos por Servicios Am-
bientales Hydrológicos (PSA-H) in Mexico, and the Natural Forest Conservation 
Program (NFCP) and Sloping Land Conversion Program (SLCP) in China [14]. 
Government-financed PES is similar to environmental subsidies, the payments 
are derived from special charges and taxes, which are usually marked as Pigou-
vian PES [17] [19]. The payer in government-financed PES is not the user, and 
the government has the right to make a payment decision. This arrangement at 
least has a certain degree of compulsion in payment. 

In addition to government-financed PES and user-financed PES, joint user- 
and government-paid PES programs [10] [14] [20] [21], non-government or-
ganization (NGO)-paid PES programs [22] [23] [24], and joint non-user, user- 
and government-financed PES programs [25] [26] exist. Most of the existing 
PES programs are hybrids of Coasean PES and Pigouvian PES [10]. Although 
the definition of PES provided by Wunder1 (2015) has largely filled the gap2 be-
tween narrow PES and the broad PES [27], PES can be defined only in terms of 
the characteristics of the program, and such a definition does not automatically 
provide an explanation for the emergence PES. The previous literature lacks 
discussions on this area, and an analysis framework is needed to provide a basis 
for the interpretation, prediction and selection of PES. This is the purpose of this 
article. 

The basic point of this paper is that PES types fall along a spectrum ranging 
from user-financed PES to government-financed PES. The driver behind PES 
is that the payer expects to obtain the maximum net income, and an explana-
tion of PES emergence should start with an evaluation of costs and benefits. 
However, in reality, it is not always possible to accurately evaluate PES costs 
and benefits. In this case, it is necessary to investigate the situational variables 
that affect the emergence of PES. 

In the second part of this paper, we will analyze the necessary conditions for 
the emergence of PES. In the third part, the cost and income composition of dif-
ferent types of PES are analyzed, and an investment model is used to describe 
them. In the fourth part, the situational variables that affect the emergence of 
PES are analyzed. The fifth part is the conclusion 

2. The Necessary Conditions for PES Emerging 

A new institutional arrangement will occur only in two cases, namely, one in 
which the new arrangement changes the potential income and another in which 

 

 

1Wunder (2015) redefined PES as voluntary transactions between service users and service providers 
that are conditional on agreed rules of natural resource management for generating offsite services. 
2The new definition no longer sticks to the full voluntariness of the agreement between suppliers and 
demanders, replacing “ES provision” with “agreed rules of natural resource management”, replacing 
“buyer” with “service users”, and replacing “seller” with “service providers.” Payments provided 
through organizations cannot be ruled out. ES need not be well-defined, but we need stick to “gene-
rating offsite services,” where ES beneficiaries are external to the physical site where the ES is gener-
ated. 

https://doi.org/10.4236/oje.2021.111001


P. A. Xiang et al. 
 

 

DOI: 10.4236/oje.2021.111001 4 Open Journal of Ecology 
 

the costs of that innovation will make such an arrangement modification worth-
while [28]. We assume that PES occurs because some private individuals or or-
ganizations expect to bear the costs of ES supply and hope to achieve some of the 
benefits that would not be possible under the old system. We can view all people 
who benefit from a PES program as a group and assume that every beneficiary 
(user) is rational and that the motivation of the users is to maximize benefits. All 
members of the beneficiary group have a common interest in obtaining benefits 
from the PES program, but they may have no shared interest in taking the cost. 
When an individual (a person, an enterprise or an NGO) is supplied with ES, 
they will not be excluded from the benefits, so they may not have the incentive 
to bear the cost for ES that the group incurs voluntarily. Vt, Vi and Vc are used to 
represent the values of the beneficiary group, the individual and the sub-groups 
formed by the individual in the group, respectively, derived from the PES pro-
gram. Generally, the gains of a group are always greater than those of the indi-
vidual or the sub-group, that is, Vt > Vi and Vt > Vc. The total value that the be-
neficiary group obtains from a PES program depends on the size of the group 
(Sg) and the quantity of ES obtained (Q), that is, Vt = SgQ. The size of the benefi-
ciary group depends not only on the number of individuals in the group but also 
on the value of the target ES to each individual in the group. The benefit of an 
individual member depends on his portion of the total gain of the group (Pi); 
Pi = Vi/Vt. The individual’s share of the total gain of the group depends on the 
number of individuals in the group and how much he can benefit from the 
target compared to other individuals. The net gain (NVi) generated by any in-
dividual gain for any number of ES (Q) is equal to the gain of an individual (Vi) 
minus the cost (C), NVi = Vi − C. Thus, we should consider the individual pay-
ment for different quantities of ES gains or losses. This payment depends on the 
way that the net gain of the individual varies with the number of ES (Q), that is,  
d d d
d d d

i iNV V C
Q Q Q

= − . When the gain of an individual is maximized, 
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= . This relation means that the quantity of ES is  

optimal when the product of the ratio of individual gain to group gain and the 
rate of the group gain equals the rate of increase in the total cost of ES supply. 
Whether the individual will spontaneously pay for ES is the most important fac-
tor. Clearly, when an individual acting independently reaches optimal gain, if  
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>  or t t

i

V V
C V

> , then  

iV C> . In this way, the individual’s benefit will exceed the cost, that is, iV C> . 
To determine whether an individual in a group will volunteer to pay for ES, 

two features need to be identified. First, we need to define the optimal number  
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of ES that an individual demands, which is given by 
d d
d d

t
i

V CP
Q Q

= . Second, it is  

necessary to determine whether the gain of a payer exceeds the supply cost when  

reaching the optimal ES number, that is, whether iV C>  (or i
t

CP
V

> ). In brief,  

when an individual’s gain exceeds the cost of providing ES for a group, then an 
individual can be considered to provide ES. It seems that the user will not pay a 
voluntary fee unless a small number of users receive a large proportion of the 
proceeds [10], but this dynamic is not a necessary condition for the emergence 
of user-financed PES. Figure 1 shows that as long as the scope of the number of 
ES (Q) that an individual need is a bQ Q Q≤ ≤ , he will have net revenue. Even if 
the number of ES for an individual is not optimal, Pi will also exceed C/Vt be-
cause iV C> 3. However, even if the PES program meets the number of ES re-
quired by the individual and satisfies the condition iV C> , the individual is not 
guaranteed to be able to implement the program spontaneously unless the cost 
does not exceed the budget when the individual receives a net gain, that is, he 
has enough capacity to pay the cost, and the net revenue he gains from investing 
resources into the PES program exceeds the opportunity cost of the net revenue 
from investing resources into alternative activities, that is i oNV C>  ( oC  de-
notes the opportunity cost). Otherwise, the individual will not carry out PES.  

It seems that if an individual has the ability to pay all the cost of implementing 
the PES program alone, if he can achieve a net gain, and if the net gain is higher 
than the opportunity cost, an individual-financed PES can be assumed to occur 
voluntarily and will not be affected by free riding. For example, the honeybee 
pollination ES is beneficial to increasing the production of orchards. An orc-
hardist does not expect that the bees spreading pollen will also benefit the nearby 
orchards without additional payment for ES, but as long as the income is greater 
than the payment, he would still have the motivation to pay for the pollution ES. 
 

 
Figure 1. The conditions for the emergence of PES. 

 

 

3When the number of ES is zQ , the supply cost is ( )zC wz= , the group revenue is ( )t zV kz= , and 

the portion of revenue payers to group is i

mzP
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= , the individual revenue (mz) exceeds the supply 
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When individual payments are unprofitable or the individual is unable to bear 
the cost, the group members need to cooperate to implement PES. Sometimes, 
the cost of establishing an organization makes the first ES relatively expensive. 
The beneficiary group will also find that when the demand exceeds a certain de-
gree, the difficulty and increased cost of extracting the next marginal ES will  
increase disproportionately, and the average cost curve is U shaped. If the coop-

erative group can determine the number of ES supplied (given by 
d d
d d

t
c

V CP
Q Q

= ,  

where cP  denotes the portion of the share of the total group gain that the co-
operative sub-group obtains) and agree to pay for it, not only does the gain of 
the cooperative sub-group exceed the total supply cost but each partner’s gain 
also exceeds the cost of the burden, that is, cV C>  and iiV C>  ( iC  is the cost 
the individual in a cooperative sub-group bear). A cooperator-financed PES can 
be assumed to occur. Similar to individual-financed PES, as long as the scope of 
the number of ES (Q) cooperator-financed PES provided is a bQ Q Q≤ ≤ , part-
ners will acquire a net gain (Figure 1). 

When the conditions for spontaneously generating individual-financed PES 
or cooperator-financed PES are not satisfied and the beneficiary group strong-
ly calls for increasing the supply of ES, if the government has the ability to pay 
and the expected net gain of the PES exceeds the opportunity cost (that is 

gV C>  and g oNV C> ), as long as the scope of the number of ES supplied is 

a bQ Q Q≤ ≤ , PES will be implemented.  

3. Variables Affecting the Assessment of Net Gains from PES 

In the previous section, we proposed that the condition for the emergence of 
PES is that the net gain of a payer is more than the opportunity cost. How much 
the expected net gain obtained from PES is a key factor affecting the potential 
payer’s selection of the PES type. In this section, we discuss the explanatory va-
riables that affect the assessment of net gains from PES. Evaluating the expected 
net gain from PES not only begins with a cost comparison but also depends on 
an earnings comparison [29]. Regardless of the kind of PES, there will be ES 
production costs and transaction costs. The cost composition of different pay-
ment arrangements is different [1] [30] [31]. However, regardless of the kind of 
arrangement, there will be contractual costs between payers and producers, in-
cluding information collection costs, bargaining costs, monitoring costs and 
contract execution costs, and payers eventually should bear all of these costs. 
Cooperative payment arrangements may also result costs for establishing, main-
taining, executing and regulating contracts as well as organization costs due to 
the organizations and contracts among payers. A government-financed PES or a 
cooperative payment arrangement with the government may also result in sunk 
costs due to undesired government decisions [28] because regardless of whether 
participants are satisfied with the decision, the participants may be still be influ-
enced by such a decision. 
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We see the suppliers’ benefit from PES as the cost of different payment ar-
rangements, the gain generated by PES can be divided into two categories: the 
payer’s gain and the free rider’s gain. The target ES that payers obtain can be for 
production or for consumption. We can define the utility for the consumption 
of ES and the revenue obtained from production as income, and the value payers 
obtain can be defined as a value to them (Vp). In general, there is free riding in 
ES use. Different payers have different evaluations of the benefits of free riders 
[32]. When the payer is an NGO or a government devoted to public welfare, 
these entities are the agents of the direct beneficiaries, and the beneficiaries re-
ceive the income regardless. Therefore, the incomes of free riders overlap with 
those of the payers. 

We also need to realize that the benefits and costs of PES may not disposable 
[33] [34] and can usually be measured annually. We can consider all kinds of 
costs as investments, and we can further analyze these investments by establish-
ing an investment model. Considering that cost and income will occur over 
time, the present value of these flows may also be discounted due to future de-
valuation. Then, we should consider discounting evaluations of income and cost. 
The appropriate discount rate is the interest rate for payers who can borrow 
money or the desired rate when they have limited resources to invest. A higher 
discount rate means that it is less important to protect resources in the future. If 
a payer knows the internal rate of return on an investment, then he can compare 
the internal rates of return of different programs and easily determine which 
programs are more profitable. If the internal rate of return of one program ex-
ceeds that of other programs, this program can get a higher net present value 
since the net profit (NV), income (V) and cost (C) of PES can be regarded as the 
net income value (NPV), income present value (NV) and cost present value 
(PC). To maintain consistency, this article uses NV, V and C to replace NPV, PV 
and PC, respectively. NPV = PV − PC can be written as NV = V − C, and thus, 

( ) ( )
( )

( )
( )

2 21
2

1

11 1
f f n f nd d

n
dV V V

V
r

V V

r

V

r

+ + +
= + +

++ +
+          (1) 

( ) ( )
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( )
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1 2
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C C C C C C C C
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r
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+

+
+

+

+
= + +

+
     (2) 

In (1), dV  denotes the direct income that payers expect to get from PES; that 
is, the utility4 from increasing ES consumption that payers expect to get and the 
income from increased ES as production factors. fV  denotes the expected free 
rider’s income from the increase in ES, and the subscripts 1,2, , n  denote the 
year. r denotes an appropriate discount rate for payers. In (2), pC  denotes what 
payers expect to pay to the ES providers in a certain year, that is, the ES produc-
tion cost. tbC  denotes the expected transaction cost between providers and 

 

 

4Assuming that there is a reliable and effective method to convert utility to income. For example, to 
convert the utility derived from the consumption of the water service provided by forest ecosystems 
to the beneficiaries into revenue, which can be expressed by the equivalent cost of purchase water in 
the market.  

https://doi.org/10.4236/oje.2021.111001


P. A. Xiang et al. 
 

 

DOI: 10.4236/oje.2021.111001 8 Open Journal of Ecology 
 

payers, and sC  indicates the sunk cost5 caused by undesirable government de-
cisions (the cost of a disadvantageous decision6 times the probability of its 
emergence). Because these costs are spread over the life of the organization, the 
costs need to be discounted. tpC  is the transaction cost that payers expect to 
occur among them, and the cost must be borne now so it is not subject to any 
discount [28]. 

The incomes and costs are what the payers are expecting to happen, and the 
expected value is the product of the estimated value of the earnings or costs that 
can be realized with probability P [28]. Therefore, the benefit item in (1) should 
actually be ( )fd n bnVV P+ , where bP  is the probability of the emergence of 
( )fd n nV V+ . The cost item in (2) should be ( )pn tb sC C C P+ + , where cP  is the 
probability of the emergence of ( )pn tb sC C C+ + . These probabilities vary de-
pending on the type of PES because the net present value of a particular PES 
may vary depending on the estimated cost or the probability of implementation. 
Because these features are complex to express, these additions are not included 
in this paper. 

In an individual-financed PES, voluntary transactions are carried out in full 
accordance with market rules, and there is neither a transaction cost nor the cost 
of compulsory transaction. However, there will be a cost to collect information 
on the ES supply and transaction costs arising from the negotiating, drafting, 
executing and regulating contracts between demanders and suppliers7. This ar-
rangement of ES users is not limited to payers and perhaps even free riders. For 
example, when the water source for a certain distillery has been polluted by up-
stream agricultural production activities, to ensure the clean water supply, a PES 
agreement is reached between the distillery and the farmers who pollute the wa-
ter source that encourages the farmers to abandon the polluting activities. If 
clean water is not for exclusively use, other water users will become free riders 
and benefit from the PES program. Then, in an individual-financed PES, there is 
no requirement to pay the expenses of the organization, nor are there organiza-
tion costs arising from the cooperation among payers or externally imposed 
sunk costs. Thus, only the need to consider the operation and the transaction 
costs between payers and providers. Free riders using part of the ES from the 
PES may affect payer’s incomes. Payers may receive indirect incomes derived 
from the positive evaluation of free riders8. This income can be expressed as the 
weight ( iw ), the payer’s evaluation of 1 unit of income to free riders, equivalent 
to how much he gets, multiplied by the income of free riders. i denotes the indi-

 

 

5A cooperative payment with the government may have a negative impact on the other participants 
because of the government's power of compulsion. 
6The cost of adverse decision making can be expressed by the income gap between consensual gov-
ernment decisions and compulsory government decisions. 
7For the sake of convenience, the transaction cost is divided into three parts: the transaction cost 
between payers and providers, transaction cost among (potential) payers and compulsory cost. 
8This article assumes that payers have no negative assessments of free riders. Because it is impossible 
or difficult to establish exclusive property rights for free riders, this cannot be blamed on the free 
riders, and payers regard paying the free riders as improving the well-being of others, which also 
improves their utility.  
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vidual-financed PES, and the net present value of income in such a PES scheme 
can be expressed as: 

( ) ( )

( ) ( )

( ) ( )

1 1 1 1
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2 2 2 2
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−
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+ −

+ + − ++

          (3) 

Unlike individual-financed PES, user cooperative-financed PES is a collective 
payment arrangement. There will be organization costs (including contractual 
costs) among individuals agreeing to pay these costs, negotiation costs between 
payers and potential payers, and transaction costs between producers and pay-
ers. We classify the organization costs among payers and the negotiation costs 
between payers and potential payers as transaction costs ( tpC ). In PES, not only 
does the payer get gain but the free riders may also gain part of the benefit. Gen-
erally, the cooperative payers’ evaluation of free riders’ enjoyment is significantly 
lower than that of themselves, but the weight they give may be higher than that if 
the payer is an individual user. Using c to denote a voluntary cooperation pay-
ment arrangement, we use ciNV  and ciw  to denote the net income of the in-
dividual payer and the weight of the individual payer’s assessment of free riders, 
respectively, in a voluntary cooperation payment arrangement. The net present 
value of the individual income for this arrangement is as follows: 
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( ) ( )
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2
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d ci f p tb
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w V

NV V C r

V C r
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= − +

+ − +

+ −

+ −

++ + + − −−

      (4) 

The total net income of each payer is the sum of the net income of such a PES, 
that is, c ciNV NV= ∑  ( 1,2, ,i n=  ). 

Compared with voluntary cooperator-financed PES, a government-financed 
PES or government participation-financed PES can reduce many transaction 
costs, especially the transaction costs of collective decisions [35]. However, 
such programs have endogenous additional mandatory costs; that is, every par-
ticipant is subject to the compulsive force of the government. Regardless of 
whether the participant is satisfied with the arrangement, he has no freedom to 
quit. However, the government’s mandatory arrangements could generate a high 
profit because the government can use its power to achieve a solution that no 
voluntary negotiation can achieve [28]. In comparison with other PES schemes, 
if the ES supplier is under the jurisdiction of a paid government, the cost of the 
agreement between a payer and a producer incurred by the government (partic-
ipating or cooperating) may be low as the government may exercise its coercive 
force. cgiNV  and cgiw  are used to denote the net income and the weight of the 
evaluation of free riders of the individual payer in a government cooperative 
payment PES. The present value of net income of each payer in this type PES is 
expressed as: 
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( ) ( )
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The central government or the local government pays the PES alone, and no 
organization costs will be generated because no cooperation is needed. Using g 
to represent this payment arrangement, the net income present value of this ar-
rangement is as follows: 
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Organization costs will be generated in the intergovernmental cooperation 
payment PES. The share of this cost may be low and will be negligible, especially 
due to the intergovernmental cooperation among adjacent local governments in 
one country. However, in the cooperation between the superior and subordinate 
governments, the decision of the superior government may impose sunk costs 
on the lower level partners. cgNV  is used to denote the net income of the each 
government in a government cooperative payment PES. The present value of net 
income of each payer in this type PES is expressed as: 
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Although this article provides only a simple net present value expression, 
this expression provides us with some valuable information. 1) The PES with 
greater potential net incomes is more likely to be preferred by payers, but un-
less the largest net income of the PES is higher than its opportunity cost, the 
PES will not be put into practice. 2) The higher the discount rate is, the smaller 
the net present value the payer is expected to receive, which could hinder the in-
centive to pay for ES. When a payer is a user and especially a manufacturing en-
terprise, the discount rate is likely to be higher than that for NGOs and/or gov-
ernments. The longer the cost or benefit occurs, the more the users will discount 
the present value. 3) In providing the same number of ES, different numbers of 
free riders may affect the choice of different PES schemes. In general, the payers’ 
assessment of free riders is less than that of their own enjoyment, which may 
partly explain why single user-financed PES and user cooperative-financed PES 
schemes are rare in the case of large numbers of free riders. 4) The transaction 
cost between ES supply and demand affects the maximization of net income. In 
ensuring the realization of cooperation objectives, the more resources that are 
invested, the more the transaction revenue will be diluted. The transaction cost 
generated may be higher than the benefits that both sides get from the scheme 
[36]. 5) A cooperator-financed PES will generate organizational costs due to 
the cooperation of the payer. Such costs cannot be delayed. If this cost ac-
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counts for a large proportion of the total initial cost, or if the alternative use of 
the cost can produce higher returns (or higher interest rates), the possibility that 
PES will occur will be affected because the cooperative arrangement will often 
depend on the participants’ bargaining process. At the initial stage of develop-
ment, when the organization costs or interest rates are higher, a government 
payment arrangement may be appropriate because this arrangement has no or-
ganization costs or the costs are quite low. 6) If ES payers and producers are all 
governments, negotiations to reach an agreement may not be necessary, or the 
cost of coordination may be low, in which case, the transaction cost may be rela-
tively small. 7) The high sunk cost may affect the form that the government 
(participation)-financed PES takes, especially when the beneficiaries are few. 

4. Situational Factors Affecting the Choice of PES Types 

Both cost and income are the explanatory variables that affect the decisions of po-
tential payers. However, only when all costs and incomes can be measured through 
effective and reliable methods, when the relevant income and cost information 
can be completely and accurately converted into expected cost and income by 
individuals, and when a person acts in a non-strategic way [37] can the net in-
come from PES be evaluated accurately. Unfortunately, these conditions are not 
always met for the analyst. Therefore, to explain or predict the emergence of 
PES, it is sometimes necessary to examine the situational variables that influence 
the evaluation of PES costs and benefits. 

4.1. The Characteristics of Groups 

Sometimes, individuals do not need force or any outside incentive for the im-
plementation of PES, especially when beneficiary groups and supplier groups are 
small. Each member of the beneficiary groups, or at least one of the members, 
will find that his personal benefits from the PES exceed the total cost even if he 
bears all costs and benefits more often than not in the implementation of PES. 
For example, in the 1980s, the water quality of the Rhin-Meuse basin in nor-
theastern France is polluted by agricultural activities, and the French Vittel Per-
rier bottled water company, which uses the water from this river basin to pro-
duce natural mineral water, must make a choice between protecting water and 
building a water filtration plant. Vittel realized that protecting the water supply 
was more cost-effective than setting up water quality filters and reached a PES 
agreement covering more than 10,000 hectares with 40 farms [38]. The French 
National Agronomic Institute (1997) estimated that compared with the previous 
scenario, one hectare of well-managed farmland can save the cost of filtering 
approximately 3000 cubic meters of potable water per year, and thus, the PES 
project is efficient [38]. 

However, for those PES programs needing cooperation among the members 
of the beneficiary group to be implemented, reaching an agreement will not only 
generate negotiation costs but will also require incentives to organize all the 
members to reach an agreement. When the group size is small and information 
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is clear among individuals, the cooperation cost of the individual users and the 
motivation for free riding may be quite low [32]. As long as the individual in the 
group gains enough profit, he will seek to promote universal consent, hoping to 
reap the benefits of a mutually agreed common interest. In addition, when sup-
plier groups are small, the cost of transactions between payers and suppliers may 
not be high. For example, The Paso de Los Caballos River Basin located in the 
municipality of San Pedro del Norte of Nicaragua covers an area of approx-
imately 740 hectares, and agriculture, which is mainly based on cattle and grain 
farming, is the main economic activity in the area, income from which accounts 
for 70% of the household income. However, the water quality problems caused 
by agricultural activities forced 125 residents in San Pedro del Norte to set up a 
water association and reach a PES agreement with the 5 upstream land stewards. 
This process involved the reforestation and conservation of 39.2 hectares of 
priority areas [39]. Cooperation organizations are similar to water associations, 
and their decision makers negotiate on behalf of all users with providers for PES. 
The main role of these organizations is to reduce transaction costs. With the ex-
pansion of beneficiary groups, the appearance of such organizations to reduce 
transaction costs is inevitable [40]. The larger the group is, the more the or-
ganization needs. However, the larger the group is, the more difficult it is to 
establish a cooperative organization, which may increase the organization cost. 
Organization cost is a monotonous increasing function of the number of indi-
viduals in a group. However, if the beneficiaries have a social preference, the 
cost of establishing a partnership may be low, and it is possible to establish a us-
er co-financed PES to avoid the “prisoner’s dilemma” [41]. Moreover, the payers 
with characteristics of social preferences9 are more likely to evaluate the free rid-
ers higher than those with characteristics of self-regarding preferences, which 
will increase the expected revenue of the payers. 

For large groups, there is a universal dependence on all members. The beha-
vior of all others is viewed by individuals as a whole, and individuals simply ad-
just their behavior according to the overall behavior of others and do not expect 
their actions to affect other members’ behaviors [32]. The transaction cost of 
reaching a cooperative payment agreement among individuals may be too high 
for individuals to give up the effort. Therefore, when faced with a large-scale 
group dilemma, market transactions cannot produce the optimal results. 

The argument for government providing ES with the characteristics of public 
goods is precisely because the market is not sufficient to reach a multilateral 
agreement, and government as an agent of demanders can reduce transaction 
costs greatly, and thus, such an approach is relatively efficient. This argument 
provides support for government-financed PES [16]. For example, in order to 
radically reduce environmental degradation and protect biodiversity, the Chi-
nese government has been implementing the NFCP since 2000. The program 
involves 17 provinces and is the world’s largest forest ecosystem protection pol-

 

 

9Social preferences refer to the desire to care for the well-being of others and maintain ethical norms, 
and self-regarding preferences refer to the concern of only one’s own state [41].  
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icy, with 96.2 billion Yuan invested from 2000 to 2010 to cover the cost of, re-
forestation stopping deforestation and the resettlement of surplus staff in 
state-owned forestry enterprises. Most of the payments are paid by the central 
government, and a small part is paid by the local government [42]. Similarly, the 
SLCP for reducing soil and water erosion began in 1999 and covers 25 provinces 
(regions and municipalities). The central government compensates farmers to 
convert farmland to forests and provides subsidies to farmers for planting seedl-
ings and reforestation. The investment amounted to 103 billion RMB Yuan from 
1999 to 2005 [42]. These two huge PES projects, which involve most of China’s 
population and regions, are too expensive for an individual payment arrange-
ment or a user cooperation payment arrangement. Moreover, it is difficult to es-
tablish a payment arrangement between the user and the government because 
the transaction costs of large-scale cooperation negotiation can be huge, and this 
process may take a long time. In this case, a government payment scheme may 
be the best choice. Another case is the Catskill river basin management program, 
which improves water quality for millions of users in New York City. In total, 90% 
of the drinking water for 9 million residents is provided by the Catskill/Delaware 
catchment, and the rest is supplied by the Croton catchment. In 1993, the Envi-
ronmental Protection Agency asked the city to invest 40 - 60 billion dollars in a 
filtration system to ensure that the water quality complied with federal stan-
dards. Coupled with 3 - 5 billion dollars in annual operating costs, the total 
present value of the cost was approximately 80 - 100 billion. Later, New York 
City was allowed to use an emission reduction program, which was more effec-
tive in terms of cost in reducing point source and non-point source pollution 
through negotiations. This program involved buying the ES that land managers 
in the upstream Catskill/Delaware catchment provide. New York City spent $1.5 
billion on this program, less than 20% of the budget for the filtration system. 
Such a program is not only beneficial to all the population of New York City but 
also to other downstream water users in the Catskill basin. The New York City 
water supply must be paid for providing more water, but the cost of the PES 
program is less than the filtration system. The cost of the program comes not 
only from New York City’s tax on water users but also from New York City 
bonds, the federal government, the New York state government, and local gov-
ernments in the valley [15] [38]. 

4.2. The Characteristics of Ecosystem Services 

Exclusiveness determines whether ES can be allocated by the market, rivalness 
determines whether ES should be allocated. Market-based PES requires exclusive 
property rights on ES. When the law gives ES exclusive property rights and the 
beneficiaries are able to build exclusive property rights economically, mar-
ket-based user-financed PES schemes can be established as long as the beneficia-
ries expect net income. However, pure user-financed PES schemes are rare, and 
most PES cases do not meet Wunder’s definition for PES [1] [8] [14]. Muradian 
et al. (2010) said: “We think this is problematic, since a prescriptive definition of 
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PES that excludes the bulk of PES cases can be deemed at least flawed” [8]. Some 
of the possible reasons for failing to meet the five standards of Wunder are as 
follows: Due to the nature of common goods from ES, a forced payment may be 
required to ensure that all users pay their fair share, otherwise, there may be a 
free rider [18]. The lack of understanding of the mechanisms behind the emer-
gence of ES means that accessing the market with complete information is not 
possible [1]. The lack of awareness of ES also means that the cost of information 
collection may be high. High transaction costs are the main reason why the 
Coase theorem is difficult to realize [8] [9]. 

For the ES that needs to be increased, government intervention is inevitable if 
the conditions for a voluntary payment arrangement cannot be met. ES has a large 
range of exclusive changes, from fairly easy to impossible, and these changes are 
seriously affected by the spatial distribution of the target ES [1]. For ES with 
non-exclusive features, such as climate stability, the role of biodiversity in sup-
port of all services, gas regulation, protection from ultraviolet radiation and hu-
man interference regulation, open access is inevitable, and the transaction costs 
of market settlement are either huge [1] or unfair, especially when those who use 
the ecosystem directly are poorer than those use the ecosystem to provide ser-
vices. Providing these non-exclusive services involves real costs, and non-market 
PES schemes may be the most fair and effective means of supplying such servic-
es. Such schemes need to be administered by a collective body that have ability 
to collect income from all the beneficiaries to pay for the service rather than try-
ing to commercialize the process and create a market. We must admit that ES 
are public goods and should focus on the challenges of providing them with 
funds [43]. However, sometimes, even if effective exclusive property rights can-
not be established for ES, as long as the beneficiaries can obtain sufficient net 
income, a market-based user pay arrangement may be arranged. Using the bee 
pollination service mentioned above as an example, although the bees orchardist 
use fly to the orchard without paying for the dissemination of pollen, as long as 
the orchard owner gains more than he pays, he may be motivated to use bees. 

Scholars who adhere to Pigouvian conceptualizations seem to assume that ES 
are products that are neither exclusive nor rival or at least that the degree of ex-
clusiveness and rivalrousness is low, there is no motivation to pay for such ser-
vices, and government intervention can solve the under-provisioning of ES and 
realize fair distribution. However, the exclusiveness of ES is not static [44]. Some 
non-exclusive ES could be implemented through technological progress, and 
some original non-rival ES are only now being exploited through competition 
because of congestion, in which once-abundant ES become scarce due to over-
use. However, technological advances and increases scarcity do not make all ES 
exclusive or rivalrous. Due to technical progress and scarcity increases, property 
rights may be established for those ES that are regarded as pure public goods, 
which in turn may be transformed into quasi-public goods (club or common-pool 
goods) and even private goods. For example, we can build linkages between ser-
vice providers and the ultimate beneficiaries through the water infrastructure, 
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hydropower dams and irrigation system and then establish exclusive property 
rights for those ES related to water provision and regulation. Such measures help 
build market-based PES for such services, even if the relationship between land use 
and water services is unclear and undefined [45]. The existing exclusive system has 
established exclusive property rights for some of the previously open-access ser-
vices such as capacity to absorb all kinds of pollutants. Some formerly open-access 
fund resources have also been property. For example, the global agreement on ex-
clusive economic zones allows national governments to take over certain 
coastal fish populations, limit access to these fish populations and protect the 
reproduction capacity of these populations [46]. Technological advances have 
not only provided people with increased knowledge of ES but also have been 
able to continuously reduce the supply costs of ES, and some ES that was origi-
nally open access can be converted into private goods by constructing exclusive 
property rights. For example, Chinese companies launched the “canned-air” pro-
gram, which used local forest ecological systems to provide high-quality air at the 
“Eco Forum Global Annual Conference Guiyang 2014”, which is a typical case of 
the commercialization of air, which has traditionally been a public good. 

However, Technological advances and scarcity increases do not cause all ES to 
generate exclusiveness and rivalrousness. For example, the GHG emission miti-
gation service provided by afforestation cannot exclude others from benefiting; 
when a person is benefiting from this type of ES, the ES can also be exploited by 
others. Indeed, for ES that are pure public goods, such as reduction of green-
house gas emissions provided by forest ecosystems, the beneficiaries are widely 
distributed and cannot be clearly differentiated, and a government-financed PES 
may be appropriate. However, this is not necessarily an appropriate way to solve 
the ES supply problem given the nature of common-pool or club goods. Coop-
erative user payments or cooperative payments between users and governments 
can also be effective. Ostrom notes that communities can establish rules for us-
ing common-pool resources and develop corresponding monitoring mechan-
isms and that a community lifestyle conforms to these conventions [47]. The 
PSA program [48] implemented in 1997 in Costa Rica to protect forest ecosys-
tems, which provide ES such as greenhouse gas mitigation, hydrological services, 
biodiversity conservation, and scenic beauty, alongside irrigation associations 
and the government, pays upstream forest owners for watershed activities to 
improve the base flow of the Cauca River and reduce the settlement of irrigation 
canals in Colombia [38]. These are classic user-government cooperation pay-
ment cases. 

4.3. Spatial and Temporal Contacts between Suppliers and  
Demanders 

PES of different types may have different spatial and temporal characteristics. 
Some ES are local public goods, and some are national and even global public 
goods. For example, water quality purification services yielded by watershed 
management are local public goods, while the climate regulation services pro-
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vided by tropical rainforests are global public goods. Some ES need only a short 
time to improve, while others need a long time; thus, some ES benefit the con-
temporary era, and some benefit future generations. When the spatial and tem-
poral contact between users and providers is close or a direct causal relationship 
exists, the user-financed PES is easy to set up. Heredia in Costa Rica, for exam-
ple, has established a PES program to motivate farmers to engage in protective 
activities by charging a water fee to water users [49]. If the spatial and temporal 
contacts of ES supply and demand are not similar, it is very difficult to set up a 
voluntary payment arrangement. For example, the beneficiaries of the climate 
regulation and biodiversity conservation services that tropical rain forest 
provides may have global impacts, but residents in the local community may be 
indifferent to these global services, and the willingness to pay (WTP) for people 
at a distance may be very small or even non-existent. Moreover, the supply of 
this kind of ES is difficult to improve significantly in a short period of time; that 
is, the point at which the benefits of ES are realized would be delayed. People 
usually have difficulty in predicting the future, and most people underestimate 
their future utility or benefit, and the weight given to future benefits is less than 
the current benefit. People are often only good at noticing rapid changes and 
responding to those but are not good at dealing with things that change slowly. 
This behavior is because we do not notice such changes, but we often have no 
measure for such changes. For example, climate change is a slow process, but 
few people think their behavior will directly affect climate change. Therefore, for 
those PES programs for which the return is delayed for long, users have lower 
motivations for payment, the discount rate may be higher, and people may be 
more likely to rely on governmental payments. 

The more complex the spatial and temporal contacts between ES supply and 
demand are, the higher the transaction costs are [36]. If it is more difficult for 
private markets to play a role, appropriate government interventions become 
necessary to solve ES degeneration. This may be the most important reason that 
biodiversity conservation, efforts to improve climate stability and important wa-
tershed conservation projects are dominated by governments. 

4.4. Relationships between ES and Private Goods 

If the under-provision of ES is directly related to necessity, production input, or 
the quality of personal belongings, the affected users have incentives to pay vo-
luntarily. When such payments increase economic income, users are especially 
willing to pay. For example, in the late 1980s, the Kanis tribe of India introduced 
the fruit of a particular plant (Trichopus zeylanicus travancoricus) in the west-
ern region of Ghats to the tropical botanical garden institute. The institute used 
the fruits and leaves of this plant to develop a new drug for a profit, and Arya 
Vaidya Pharmacy Ltd. (a private pharmaceutical company) signed a seven-year 
production and sales contract. The institute received approximately $25 thou-
sand in licensing fees and 2% of the drug sales royalties and split the two benefits 
in half with the Kanis tribe to compensate them for their intellectual input and 
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sustainable forest management. The pharmaceutical company bought 5 tons of 
plant leaves from the Kanis tribe per month. Planting and harvesting employed 
500 - 1000 families in this tribe [44]. As another example, Energia Global is a 
private hydroelectric power company that provides electricity to 40,000 people 
located in the Sarapigui Valley in Costa Rica. Two tributaries of approximately 
5800 hectares are the water source regions on which this company’s power gen-
eration depends. To maximize electricity generation and income, power plants 
must run at full capacity, but the two small reservoirs provide only five hours of 
flow. Energia Global wants to increase river flow and reduce reservoir silting, 
and it is believed that increasing forest coverage in the upstream catchments can 
achieve both. Energia Global estimated that if the investment can increase flows 
to 460,000 cubic meters of water (worth approximately $30,000), then, the com-
pany can make a profit. Therefore, Energia Global provides $18 per hectare to 
FONAFIFO10 (Fondo Nacional de Financiamiento Forestal, i.e. the National 
Forest Office and National Fund for Forest Financing), and FONAFIFO pro-
vides an additional $30 in cash per hectare to the upstream private land stewards 
who agreed to engage in reforestation, sustainable forestry and forests protection 
[38]. 

For those ES that are not reflected in the quality of private goods or are not 
closely related to the production of private goods, such as climate stability, gas 
adjustment, ultraviolet radiation prevention, human interference regulation and 
other services, the motives for voluntarily paying to supply these services may be 
very low, and a government-led PES scheme is likely to be a more appropriate 
choice. 

4.5. Additionality 

Additionality is the difference between the number of ES with and without PES 
schemes [7] [10], that is, the increased number of ES provided by PES. To guar-
antee additionality, the number of services provided by the ecosystem in the ab-
sence of PES is needed as a baseline reference. To determine this benchmark, we 
should not only consider the ES level at the beginning of a PES program but also 
consider the influence of external factors on the ES supplier’s behavior during 
the implementation of PES [50]. Normally, low-cost practices are based on his-
torical benchmarks, but this approach fails to consider socio-economic changes 
in the use of resources [10]. There are also many PES programs that do not cal-
culate the benchmarks but are paid only by the activities that the protocol re-
quires [51]. Obtaining additionality may not only be a trade-off between in-
creased management costs, negative spillover effects, and impact on equity and 
welfare [52] but could also result in suppliers failing to observe the agreement, 
especially when the supervision cost and the opportunity cost of compliance are 
high [53]. If the evaluation of additionality is accurate and low cost, the potential 

 

 

10A semiautonomous institute established by the government of Costa Rica. It provides incentives for 
reforestation by compensating the land stewards for their commitment to reforestation. Most of the 
fund is from the 5% national oil tax [38].  
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payers, especially direct users, will be more likely to consider the implementa-
tion of a PES scheme. In contrast, if the evaluation of additionality is not accu-
rate and is high cost, the beneficiaries will not implement a PES scheme. 

The percentage of the payer’s additionality is an important factor that affects 
the payment arrangement. When the expected additionality is possible but the 
use of exclusive technology cannot guarantee enough additionality, or if the ex-
clusive cost is too high, the user will not consider a PES scheme. For PES pro-
grams that contribute significantly to the sustainable development of society but 
contribute little to economic growth, such as the construction of non-profit na-
ture reserves and public welfare forests, the private sector is generally not inter-
ested in such programs, and the mechanisms cannot play a role. Without gov-
ernment intervention, the ES supply will be inadequate [8] [17]. In addition to 
market failures in the supply of public goods, the reasons for using government 
intervention for ES supply also include unequal distribution caused by competi-
tive markets and the paternalistic worry that people will not act in their own best 
interests. The formation of sufficient resources may require involuntary means 
such as taxation and compulsory fees [1]. A governmental (participation) pay-
ment arrangement may be the appropriate choice to evaluate additionality for 
those PES programs with wide ranges of beneficiaries and high costs. 

5. Conclusions 

Defining the conditions and factors influencing PES is the fundamental basis for 
explaining the coexistence of various PES in the real world, predicting PES emer-
gence and choosing the PES type. In this paper, the key to determining whether a 
PES is appropriate was found to be analyzing the expected net benefit. When a 
PES program enables beneficiaries to get a satisfactory number of ES, when the 
net income exceeds the opportunity cost, and when beneficiaries have the ability 
to bear all the costs, it can be assumed that the beneficiaries will spontaneously 
implement the program. When a PES is unprofitable or if beneficiaries are in-
capable of bearing the costs required, they must establish a form of organization 
to implement such a PES scheme. If the cooperative group is able to determine 
the number of ES and agrees to pay for the number of ES, when the total return 
of the expected partner exceeds the cost of supply, when the expected net return 
of each of the partners is greater than that of the input resources used in the PES 
program for alternative activities, and when they have the ability to pay for all of 
ES supply costs, we can assume that the cooperator-financed PES will occur. 
When the conditions of an individual’s payment or cooperation payment cannot 
be met, and when the beneficiary group is large, if the government expects their 
net income to exceed the opportunity cost and has the ability, and as long as the 
government provides a number of ES that meet the needs of the beneficiaries, it 
can be assumed that the government will implement PES. 

The cost of implementing PES generally includes ES production costs, trans-
action costs between payers and providers, transaction costs among payers, and 
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the sunk costs caused by undesired government decisions. The benefits can be 
divided into two categories: payers’ benefits and free riders’ benefits. When the 
payers are users, payers’ evaluations of their ES may be significantly higher than 
that of the free riders. When the payers are non-users, payers can give a higher 
evaluation of the free riders getting ES. The advantage of user-financed PES is effi-
ciency, but the organization cost among payers, transaction costs between provid-
ers and payers, and free riders increase with the supply and demand groups. If the 
target of ES is not only beneficial to the public welfare but can also save production 
costs for special users, as long as the special users expect to get enough net income, 
they may have motivations to cooperate with the government to implement PES. 
A government-financed PES scheme does not have the organization cost among 
payers, and there may be lower transaction cost between payers and suppliers 
and fewer free riders than in a user-financed PES scheme. In the analysis of the 
cooperation PES between governments and users, it is necessary to examine the 
sunk cost if governments’ mandatory decisions cause the loss of other coopera-
tive payers. 

When the net income of the PES cannot be accurately evaluated, it is neces-
sary to examine the situational variables that affect the costs and benefits of PES. 
The characteristics of groups and ES, the spatial and temporal scales of suppliers 
and demanders, the relationship between ES and private goods, and additionali-
ty are important situational variables that the payment arrangements. With a 
larger group, the higher the non-exclusiveness and non-rivalrousness degree of ES 
will be, the less close correlation between suppliers and demanders is, and the lower 
the correlation with private goods will be, the more difficult to evaluate or secure 
access to additionality, and it is appropriate to establish a government-financed PES 
scheme rather than establishing a market-based PES. 
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