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Abstract:  

Conventional agri-environmental schemes have been criticized for failing to exploit conservation 

synergies which could be obtained from spatial coordination of conservation efforts. Understanding the 

design and implementation of novel incentive mechanisms explicitly designed to boost spatial 

coordination of conservation efforts is, therefore, of critical importance. We have conducted the first 

systematic review of such incentives (‘coordination incentives’ (CIs)), including Agglomeration Bonus, 

Threshold Bonus, and Threshold Payments. The review aims to investigate CIs’ performance and 

identify the underlying factors affecting their performance. An extensive bibliographic search was 

carried out and 50 papers were included in the final analysis. Most papers (86%) are theoretical and 

experimental studies. Real-world applications of these CIs are rare. Evidence suggests CIs can be very 

effective in promoting spatial coordination, but often at expense of cost-effectiveness. Management 

goals, landscape characteristics, type and amount of information provided to landholders, the contract 

allocation mechanism chosen, economic factors, and landholders’ characteristics were found to affect 

the performance of these incentives. We highlight the areas where future work would be worthwhile. 

Insights gained from the review could be useful to foster greater adoption of CIs and inform the design 

of AES for better landscape-scale management.  

Key words: Agglomeration Bonus, Agglomeration Payments, Agri-Environmental Schemes, Threshold Bonus, 

Spatial Coordination 

1. Introduction 

Over the last decades, agri-environmental schemes (AES) have been widely implemented as a collection 

of policies including market-based instruments to tackle a wide range of environmental problems linked 

to the management of farmland. Such problems include biodiversity loss, water pollution, and land 

degradation. Governments across the world have allocated large budgets to fund AES, in order to 

remunerate private landholders for the provision of (largely public) ecosystem services (Salzman et al. 

2018). However, the environmental and ecological effectiveness of AES has remained modest (Arnott 

et al. 2019; Berendse et al. 2004; Samii et al, 2014). While AES have proven to be effective at delivering 
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environmental outcomes in some locations, they have largely been ineffective in achieving landscape-

level outcomes (Bos et al. 2017; Kleijn et al. 2006; Kleijn et al. 2004; Pe'er et al. 2014). 

One of the main factors contributing to poor performance is the farm-scale and fragmented conservation 

approach adopted in the design of conventional AES (Rotchés-Ribalta and Ó huallacháin 2018). 

Landholders normally work in isolation to mitigate environmental degradation  (such as soil erosion) or 

to deliver environmental  improvements (such as enhacing wildlife habitats). As a result, although AES 

can trigger positive conservation actions by landholders, these actions are often scattered and 

disconnected across the landscape (Forman and Collinge 1996; Leventon et al. 2017). The absence of 

spatial coordination of conservation efforts results in mismatches between the spatial scale of 

environmental management and that of ecological processes, leading to failures in realising the full 

potential of AES for environmental conservation (Haaren and Bathke 2008; Latacz‐Lohmann and Hodge 

2003; Rotchés-Ribalta and Ó huallacháin 2018). Where spatial dependence of environmental benefits 

matter for the supply of ecosystem services, the lack of spatial coordination of conservation efforts can 

lead to a failure to achieve environmental targets such as the restoration of wildlife meta-populations 

(Goldman et al. 2007; Hartig and Drechsler 2009; Polasky et al 2014).  

The switch from a farm-scale and fragmented conservation approach to a landscape-scale approach has 

been argued to be a step-change which is needed for AES to meet their environmental goals more 

effectively (Franks and Emery 2013; Westerink et al. 2017). A landscape-scale approach aims to achieve 

larger conserved patches, enhanced spatial connectivity among conserved farmlands, and improved 

habitat quality within the wider landscape (Donaldson et al 2017). This calls for a greater focus on how 

AES should be designed to boost spatial coordination of conservation efforts among landholders 

(Kuhfuss et al. 2019). The quest for Coordination Incentives (CIs) that can target spatially explicit 

landscape-scale ecological benefits is thus of importance for improving AES effectiveness.  

Many reviews of AES schemes have focused on the strengths and weaknesses of scheme design (e.g. 

Wunder et al. 2020), the evaluation of AES performance (e.g. Ansell et al.(2016) and Arnott et al. 

(2019)), and factors affecting AES uptake or participation (e.g. Jones et al. (2020) and Kemink et 

al.(2020)). To date however, there is no systematic review of incentive mechanims that are explicitly 

designed to boost spatial coordination of conservation efforts. Albers et al. (2018) and Drechsler (2020) 
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are among the few attempts reviewing policy instruments for mitigating habitat fragmentation. They 

have briefly discussed the Agglomeration Bonus, Threshold Bonus, and Threshold Payment as potential 

coordination incentives (CIs) to address the problem of habitat fragmentation. However, a systematic 

understanding of how these CIs are designed and implemented in both theory and practice is still lacking.   

Building on this background, we have conducted the first comprehensive and systematic review of the 

literature on coordination incentives, including Agglomeration Bonus (AB), Threshold Bonus (TB), and 

Threshold Payments (TP), from the perspective of both theory and practice. The review aims to improve 

our understanding of the design and implementation of CIs for better landscape-scale management, 

while identifying knowledge gaps for future research. We specifically attempt to investigate: (1) How 

are CIs explicitly designed for enhancing spatial coordination? (2) To what extent have CIs been 

implemented in the real world? (3) How well do CIs perform in delivering environmental outcomes at 

landscape scale? (4) What are the underlying factors affecting the performance of CIs? Insights learnt 

from the review could be useful to inform the design of AES for better delivery of environmental public 

goods from farmland.  

2. Methods and data 

We carried out a systematic review of the literature using the “Preferred Reporting Items for Systematic 

Reviews and Meta-analysis” (PRISMA) guidelines proposed by Moher et al. (2015). The review 

includes peer-reviewed journal articles, conference papers, and working papers. We limited our review 

to papers written in English. Accordingly, the review was conducted in four stages. In the first stage 

(INDENTIFICATION), we performed an extensive search in Google Scholar and Web of Science 

databases using the following key words: “Agri-Environmental Schemes”, “Payments for Ecosystem 

Services”, “Agglomeration Bonus”, “Threshold Bonus”, “Threshold Payment”, “Agglomeration 

payment”, “Spatial coordination”, and “Spatial incentives”. Google search and Research Gate search 

were also employed to search for additional peer-reviewed conference papers and working papers. After 

removing duplicate papers (i.e. conference papers or working papers which have been published in peer-

reviewed journals), a total of 258 papers were found. In the second stage (SCREENING), we screened 

the titles and abstracts of these 258 papers. 179 papers were excluded that did not mention economic 

incentives for enhancing spatial coordination or that discussed economic incentives in other areas (e.g. 
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labour economics) rather than environmental conservation, or that reviewed different aspects of AES 

(e.g. permanance or leakage issues). In the third stage (ELIGIBILITY), we reviewed the full-texts of the 

remaining 79 papers for eligibility. We further excluded those that did not explicitly discuss the design, 

implementation or performance of any of the relevant CIs (i.e. Agglomeration Bonus, Agglomeration 

Payment, and Threshold Payment). Finally, in the fourth stage (INCLUDED), 50 peer-reviewed papers 

investigating the above CIs were included in the final review for quantitative analysis. Detailed 

information about the study’s selection process is provided in the PRISMA diagram (Figure 1).  
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Peer-reviewed articles (titles and abstracts) identified through 

Web of Science and Google Scholar databases 

(N = 251) 

Studies (Title and Abstract) excluded 

(N=179) 

• Studies discussed spatial 

planning policies but failed 

to mention incentives for 

spatial coordination (e.g. 

studies discussed 

institutional coordination 

among stakeholders) 

• Studies discussed economic 

incentives in other areas 

(e.g. labour economics), 

rather than  environmental 

conservation 

• Review papers on other 

aspect of AES design and 

implementation 

Studies (Title and Abstract) 

after duplicates removed  

(N = 258) 

Full-text studies excluded 

(N=29) 

• Studies did not explicitly 

discuss the design and 

implementation of any of 

the economic incentives for 

spatial coordination 

Full-text studies assessed for 

eligibility 

(N = 79) 

Full-text studies included in final 

review for quantitative analysis 

(N = 50) 

Additional studies (conference papers and working papers) 

identified through Google search, ResearchGate search engine 

 (N =22) 

Studies (Title and Abstract) 

screened 

(N=258)  

Figure 1: Description of selection and exclusion methodology for literature review of studies discussing the 

design and implementation of the economic incentives for spatial coordination of conservation efforts 
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There is a growing number of papers on CIs. The number of papers over the period from 2001 to 2020 

increased from 3 papers in 2001-2005 to 24 papers in 2016-2020 - an eightfold increase. However, 

empirical studies are still thin on the ground, accounting for only 15% of the literature (i.e. 7 papers out 

of 50 papers). The literature has mainly focused therefore on theoretical and experimental analyses. 

Among the three types of CIs, AB has been researched much more than TB and TP (See Appendix A 

for the details of the reviewed papers classified by the different types of CIs). 

 

Figure 2: Number of papers studying coordination incentives (2001-2020) 

Note: A theoretical study does not depend on an experiment or empirical evidence. It is based on testing, 

exploring or developing theories. It includes computer simulations. An empirical study generates 

observations, makes measurements and demonstrates relationships among observed variables, typically 

using statistical methods. An experimental study is also an empirical study but observations are collected 

via lab or field work in a hypothetical setup, rather than in real life experience, but involving real people 

and observing their behaviour.  

3. Results and Discussions 

The overall findings of the reviewed papers have been summarized into three sections: features of 

cooridnation incentives; evidence of their performance; and underlying factors influencing their 

performance.  

3.1. Features of Coordination incentives (CIs) 

Types of CIs 

Smith and Shogren (2001), in their seminal theoretical paper, proposed the idea of an Agglomeration 

Bonus (AB) to address the problem of fragmented conservation efforts. They suggested a bonus that 
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should be paid to landholders on top of participation payments if landholders coordinate to place 

contiguous plots under conservation. Since then, the concept of AB to incentivize adjacent landholders 

to engage in conservation activities has received increased attention both from theoretical and empirical 

research.  

The literature has discussed different ways of rewarding landholders so as to offer them the best 

incentive for enhancing their spatially coordinated conservation (de Vries and Hanley 2016). It is 

suggested that a bonus payment can be paid independently of a standard (fixed) payment to an individual 

landholder if his/her habitat is spatially connected to the neighbours’ habitat (i.e. an Agglomeration 

Bonus), or if a certain level of participation and/or spatial connectivity among landholders’ habitats is 

reached (i.e. a Threshold Bonus - TB). The threshold bonus that the literature has discussed so far is a 

non-competitive threshold bonus. This means that as long as the total outcome achieved by a group of 

landholders surpasses a pre-defined threshold, the group will receive a bonus irrespective of the 

performance of other groups. However, one might think to introduce a competitive threshold bonus that 

will be paid to a group of landholders if that group is the best performing across all groups in terms of 

participation rate and/or degree of spatial connectivity. The comparison between groups creates a 

threshold effect which is not pre-defined by the regulator. 

Instead of offering a bonus payment, CIs can alternatively be designed as an all-or-nothing payment (a 

so-called Threshold Payment). A TP is made to landholders only if a certain level of participation and/or 

spatial connectivity at landscape level is reached. Landholders are thus at risk of receiving nothing if 

such a pre-defined threshold is not met (Wätzold and Drechsler 2014). In order to account for landscape 

heterogeneity, in particular heterogeneity in opportunity costs (income forgone) when implementing 

conservation activities across landholders, the literature suggests that CIs can include side payments 

(Drechsler et al. 2010; Wätzold and Drechsler 2014). Landholders with low conservation costs can 

transfer part of their payment in the form of side-payments to the high-cost landholders to induce them 

to include their farm in the conservation program, if this particpation increases overall payoffs.  

It is worth noting that if a threshold is defined based on a certain level of participation rather than a 

certain level of spatial connectivity, TB and TP will primarily aim to boost participation, which is in 

turn expected to enhance spatial connectivity of conservation efforts across landscape (as a greater 
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percentage of patches in a landscape are enrolled, the probability of spatial connection between enrolled 

patches increases).  For instance, in Kuhfuss et al. (2015)’s paper, TB is paid if 50% of the area of 

interest is engaged in a process of herbicide use reduction.  

Exogenous vs Endogenous Approach 

A coordination bonus payment can be of two types: an exogenous bonus and an endogenous bonus. 

While the former is a direct pecuniary payment, the latter is an indirect pecuniary one. To be specific, 

an exogenous bonus is paid to landholders for every plot a landholder retires that borders on any other 

retired plots. Government fixes the size of a monetary bonus. The literature shows that the level of the 

exogenous bonus relative to the payment for participation varies significantly across studies. One of the 

greatest challenges for policy-makers is, therefore, how to determine the optimal size of the exogenous 

bonus so as to induce the highest level of spatial coordination at the lowest possible cost. 

By contrast, an endogenous bonus is implicitly reflected by an increment in the imputed environmental 

value of contiguous plots. The increment must be defined by the competent authority and will vary 

depending on the conservation target. Banerjee et al. (2009) proposed an endogenous bonus mechanism 

(The Agglomeration Vickrey Auction) that explicitly considers in the rules of the auction the increment 

in environmental benefits from enrolling adjacent farmlands. Similarly, Iftekhar and Tisdell (2016) 

revealed to landholders that the goal of the auction was to establish corridors for better spatial 

management, thereby introducing an endogenous bonus for spatial coordination. Lewis et al. (2011) 

incorporated environmental benefit information into the selection criteria of a conservation program to 

induce agglomeration of conserved habitats.  

Unlike an exogenous bonus with a direct pecuniary incentive, an endogenous bonus works as a signal 

to landholders that their plots, if they are contiguous to others, will have a higher chance of being 

selected, since they can deliver a better environmental outcome which is valued by the regulator. When 

contracts are allocated based on competitive bidding, the information relating to the increment in 

environmental value is revealed to landholders so that they can make their own decision on how much 

they want to be compensated for offering their contiguous plots for conservation purposes. If landholders 

know that the environmental value of a plot (which depnds on its environmental value and the 

environmental bonus as a result of spatial coordination effect) is very high, they will be inclined to 
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tender a higher bid, knowing that they are offering a service of “high quality”. Since the bonus is 

endogenized by bidders, we term it endogenous bonus.  

Similar to a bonus payment, a threshold payment can also be made to landholders either via the 

exogenous approach (i.e. payment level fixed by government) or the endogenous approach, where 

landholders will decide on how much they want to be compensated for their collective conservation 

activities via joint bidding. The literature to date has mainly focused on the exogenous approach (40 out 

of 50 papers), and has paid less attention to the endogenous approach for boosting spatial coordination 

(See Appendix B for classification of the reviewed studies according to payment approach).  

Real-world applications  

Table 1 presents the different types of CIs and their corresponding real-world applications. We found 

that, to date, the adoption of these incentives in the practice of conservation contracting is very rare, and 

side payments in particular have not yet been adopted in any real AES. With the exception of Malawi, 

(Bell et al. 2018), CIs have so far only been implemented in developed countries.  
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Table 1: Real-world applications of CIs  

Type of economic incentive Definition Real-world applications 

Bonus Agglomeration Bonus* 

without side payments 

A bonus is paid to farmers on top of a fixed payment if conserved 

habitats are spatially connected in a predefined way 

Switzerland:  

The Swiss Network Bonus scheme was implemented in 2001.  

Malawi:  

Smart Subsidies for Catchment Conservation in the Shrine River Basin   

Bonus Agglomeration Bonus 

   with side payments 

A bonus is paid to farmers on top of a fixed payment if conserved 

habitats are spatially connected in a predefined way. In order to induce 

high-cost landholders to participate, low-cost landholders may offer 

some of their potential profits in the form of side payments to the high-

cost landowners, so that the sum of profits is increased. Side payments 

can be either pecuniary or non-pecuniary payments. 

Agglomeration Bonus with side payments have not been introduced to the design of 

any real AES schemes. Only theoretical works studying this type of bonus were found.  

Bonus Threshold Bonus A bonus is paid to landholders (in groups or as individuals) on top of a 

standard (fixed) payment if a certain level of participation or spatial 

connectivity at group (landscape) level is reached.   

United States: 

Conservation Reserve Enhancement Program (CREP) in Oregon was implemented in 

1998 

Australia: 

Dryland salinity credit trade scheme was implemented in 2005. 

The Australian auction in the Desert Uplands of Queensland (2006-2008)    

Mexico:  

Mexico’s federal Payments for Hydrological Services program (PSAH) was 

implemented in 2003.  

All-or-

nothing 

payments  

Threshold Payments 

without side payments 

 

Threshold payments (All-or-nothing payments) are made only if a 

certain level of participation and spatial connectivity at group 

(landscape) level is reached. 

Japan:  

The Kuma Joint Management Program (KJMP) was implemented in 2006.  

United States:  

Forest Stewardship Program in Plainfield, Massachusetts. 

All-or-

nothing 

payments 

Threshold payments with 

side payments 

Threshold payments are made to a group of people only if a certain level 

of participation and spatial connectivity at group (landscape) level is 

reached. In order to induce high-cost landholders to participate, low-cost 

landholders may offer some of their potential profits in the form of side 

payments to the high-cost landowners, so that altogether their profits are 

positive. Side payments can be either pecuniary or non-pecuniary 

payments.  

No real-world applications 

Note: *Agglomeration Malus (AM), proposed by Bamière, David et al. (2013), is an opposite variant of Agglomeration Bonus. Under an AM scheme, an amount of payment will be deducted from a standard payment received 

by landholders if the conserved parcels are adjacent to each other.  This type of incentive mechanism is relevant the cases where the fragmented landscape is desirable 
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3.2 Performance of coordination incentives 

Theoretical studies 

Theoretical analyses have provided predictions about the performance of AB in promoting the spatial 

connectivity of conservation activities. AB was also predicted to ease compliance monitoring by creating 

peer pressure among landholders, thereby creating incentives for self monitoring (Bell et al. 2016). AB 

thus has the potential to work as a diffusion mechanism for spatially coordinated conservation actions 

more effectively and at lower monitoring costs compared to conventional fixed payments.  

Together with boosting spatial coordination, another way of improving the effectiveness of AES at the 

landscape scale is to reduce the risk of environmentally damaging actions re-locating outside the policy 

target area, an effect known as leakage. Leakages have challenged the effectiveness of many 

conservation programs (Le Velly et al. 2017). For example, reduction of deforestation in one area leads 

to increasing rates of deforestation in adjacent areas. This leakage may be incentivized by the increase 

in timber prices due to the reduced supply of timber in the market. In this regard, the results of the 

theoretical model set up by Delacote et al. (2016) suggested that AB schemes are more effective than 

simple participation payments in reducing the activity-shifting leakage problem within the policy target 

area, because the negative spatial interactions between neighbours will be reduced. However, no attempt 

has been made to investigate whether AB prevents or enhances leakages outside the intervention area. 

Even though AB could potentially achievie spatially connected configuration of land uses on private 

farmlands, Smith and Shogren (2001) and Smith and Shogren (2002) warned that the performance of 

AB can deteriorate if the landholders know the regulator’s preferences for the spatial configuration of 

farmland under contract. Knowing this information might foster landholders’ rent-seeking behaviour. 

Landholders might collude on the decision to take part in or hold out for higher payments, undermining 

the cost-effectiveness of AES. Indeed, the findings of Iftekhar and Tisdell (2016) suggested that 

although endogenous AB schemes can help achieve corridor outcomes, the schemes perform poorly in 

terms of cost-effectiveness due to the high rents sought by landholders. In the same vein, Dijk et al. 

(2017) highlighted the trade-off between environmental effectiveness and cost-effectiveness of AB 

schemes. Their theoretical model suggests that the cost-effectiveness of AB is lower compared to that 

of TP and spatially homogenous (i.e. fixed) payments. Wätzold and Drechsler (2014)’s model and 
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simulations suggested that the cost-effectiveness of the AB always lies between that of the TP and the 

fixed payments.  

Although TP have not received as much attention as AB, budget efficiency (i.e. maximum 

environmental benefits for a given conservation budget) is theoretically demonstrated as a comparative 

advantage of TP over other policy instruments such as AB, auctions and conventional spatially 

homogenous payments (Drechsler 2017a; Wätzold and Drechsler 2014). However, TP seems to be less 

likely to deliver as high a level of social welfare (i.e. difference between the monetized environmental 

benefit and the conservation cost incurred by landholders) as auctions (Drechsler 2017a). Unlike AB 

and TP, theoretical analyses of the performance of TB have not been carried out.  

Experimental studies 

The experimental literature highlights the advantages of CIs across key performance criteria. Although 

there is strong agreement on the positive impacts of CIs on participation rates, spatial coordination of 

conservation activities and environmental benefits, some scholars argued that such positive impacts do 

not always occur. Specifically, Banerjee et al. (2017) indicated that, due to the complexity of AB 

schemes compared to conventional payments, they are likely to incur higher transaction costs (e.g. costs 

associated with negotiation among neighbours). The authors found that high transaction costs can result 

in low scheme uptake and poor spatial coordination. Moreover, the ablity of the AB to achieve 

coordination onto the desired conservation land use across landowners seems to decline over time. 

Krawczyk et al. (2016) carried out lab and artefactual field experiments and found that AB has a negative 

effect on environmental benefits and social welfare. 

The impacts of CIs on cost-effectiveness of AES have also been subject of debate. While data from 

several studies suggest improvements in cost-effectiveness, there has also been experimental evidence 

to the contrary. Liu et al. (2019) conducted a framed field experimental auction in China and found that 

bidders tend to reduce their bids in the hope of receiving exogenous AB payments, helping improve 

cost-effectiveness of the program. The results are consistent with those of Reeson et al. (2011), who 

employed lab experiments to examine the performance of multiple-round auctions where the selection 

criteria take into account a spatial environmental bonus and the number of rounds are unknown. They 

found that multiple-round auctions with such an endogenous bonus can deliver cost-effective 



 

14 
 

environmental outcomes by reducing bidders’ rent-seeking behaviour. By contrast, Parkhurst et al. 

(2016) compared the performance of a tradable set-aside requirement (TSAR) with and without the AB. 

Their results suggest that under the TSAR with a bonus, the regulator spent much more money to achieve 

higher landscape connectivity and environmental effectiveness than that under the TSAR without a 

bonus. These findings are in line with those of Banerjee et al. (2015), who found that the inclusion of 

an endogenous bonus via revealing spatial management goals leads to intensification of rent-seeking 

behaviour, reducing the cost-effectiveness of conservation auctions.  

Improvements in cost-effectiveness of AES is desirable in the context of limited public budgets. 

However, AES may also need to achieve a balance between short-term efficiency and fairness, since the 

latter may affect long-term conservation outcomes (Markova-Nenova et al. 2020; Wunder 2007). 

Therefore, perceived fairness in terms of distributional impacts of CIs matters for enhancing AES 

performance in the long run. Our review found that, to date, Ferré et al.(2018), is the only attempt to 

examine the distributional impacts of constant and variable threshold payments (i.e. threshold payments 

that do vary or those that do not vary with the opportunity costs of farmland over time) using artefactual 

field experiments with farm apprentices in Switzerland. Their results suggest that the constant TP leads 

to lower inequality in incomes than the variable TP, whilst the constant TP also outperformed the 

variable TP in terms of environmental effectiveness and cost-effectiveness. However, depending on the 

context, equal or differentiated distributional mechanisms can be perceived as being fairer by different 

landholders (Schilizzi 2011). Therefore, we should bear in mind that the relative performance of the 

constant and variable TP in terms of fairness will be context-dependent.  

In the literature on AES in general, the debate about whether there will be a trade-off between efficiency 

and fairness has gained fresh prominence, with many arguing that cost-effectiveness is not necessarily 

traded off against fairness (Narloch et al. 2013). This issue has not been explicitly investigated in the 

specific context of CIs. The experimental literature has incorporated heterogeneity in opportunity costs 

across landholders in the design; however, except for Ferré et al. (2018), the literature has only 

considered a static setting where opportunity costs remain unchanged over time, which may not be the 

case in reality.   
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Evaluating the likely acceptance by landholders of CIs is of importance to avoid policy implementation 

failures and to achieve the best environmental outcomes at the landscape scale. To date, very little 

attention has been paid to landholders’ preferences for the design of AES with the inclusion of CIs, as 

well as to how landholders’ participation will vary as we change their design. Our review suggests that 

there are only three studies employing choice experiments to address this issue. Kuhfuss et al. (2015) 

investigated the preferences of wine growers in France for a threshold bonus. A threshold bonus was 

found to have a significantly positive impact on the participation rate in the scheme. By contrast, 

Sheremet et al. (2018) examined how landholders (woodland owners) in Finland respond to an AB 

aiming to encourage spatial coordination in disease and pest control. The authors found both positive 

and negative impacts of an agglomeration bonus on participation rate and emphasized that the impacts 

of AB on participation are context-dependent. Villamayor-Tomas et al. (2019) also did not provide 

supporting evidence on the positive impacts of threshold payments on the participation rate. This study 

revealed farmers’ resistance in Germany, Spain, and Switzerland to coordinate the planting of trees in 

return for a payment. 

While the literature has focused on environmental and economic impacts of CIs, little is known about 

their social impacts, such as social capital development through the coordination of conservation 

activities over time, which includes bonding social capital (between landholders), bridging social capital 

(between local communities), and linking social capital (local community and institutions). Since CIs 

can encourage landholders to spatially coordinate their conservation efforts, one might ask whether CIs 

can be seen as a way to invest in social capital (social connectedness), and which type of CIs can best 

promote which type of social capital. Moreover, an isolated individual participating in an AES may not 

be able to foster social connectedness among landholders as well as spatially coordinated participation. 

Another question thus arises, whether CIs can promote greater social capital benefits than conventional 

spatially homogenous incentives. Addressing these research questions is of importance for future 

research. This is because the literature on conventional AES has highlighted the crowding-out effect that 

very often occurs after the schemes terminate (Chervier et al. 2019). There is evidence suggesting that 

although conventional incentives are able to trigger behavioural changes in the short-term, they seem to 

be unsuccessful in shifting attitudinal changes among landholders in the long-term. In some cases,  
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norms of “just do conservation for the money” were formed. Economic incentives can become 

counterproductive when they undermine landholders’ intrinsic motivation for conservation whenever it 

exists. Without positive changes in social norms towards environmental actions, people often stop 

conservation activities and revert to their old practices when economic incentives end (Pretty and Smith 

2004). The long-term environmental benefits achieved by AES might thus be compromised. We expect 

that CIs, by contributing to building social capital and changing social norms could be part of the 

solution to enhance the long-term persistence of behavioural changes.  

Empirical studies with real-world observations 

There has been few empirical investigations into whether real-world AES including CIs deliver desired 

outcomes. This may be attributed to the fact that real-life implementation of CIs is rare, and due to a 

lack of monitoring data on outcomes. Our review suggests that, to date, Bell et al. (2018) and Krämer 

and Wätzold (2018) are the only empirical studies examining the performance of real AB schemes. 

Specifically, Bell et al. (2018) used a randomized control approach to study the performance of the AB 

trial program in Malawi. They reported that the AB enhanced participation in the program. The results 

corroborate the findings of Krämer and Wätzold (2018) who used a qualitative approach based on the 

perception and experience of landholders, government officials, and ecologists, and found that the Swiss 

Network Bonus made participation more appealing to landholders relative to no network bonus. The 

surveyed respondents’ perceptions lend support to the theoretical predictions on improving 

environmental benefits, boosting spatial coordination of conservation activities, fostering the learning 

process across landholders, and enhancing compliance behaviour. However, the cost-effectiveness of 

real AB schemes remains untested. 

Real-world TB schemes, including endogenous and exogenous payments have proven to be capable of 

incentivizing enrolment of high natural value farmland (Sims et al. 2014), promoting participation, and 

enhancing spatial connectivity of conserved farmland (Connor et al. 2008; Windle et al. 2009). Similar 

to AB, the small number of studies (i.e. one qualitative and two quantitative analyses) make it difficult 

to generalize such positive impacts of TB when there is significant heterogeneity across contexts. This 

calls for more research so as to allow a general evaluation of the performance of TB. 
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Several lines of evidence also suggest that threshold payments increase scheme uptake (Connor et al. 

2008; Shimada 2020). However, increasing scheme uptake does not necessarily mean that 

environmental outcomes are improved (Engel 2016). Empirical evidence about the impacts of TP on 

spatial coordination, environmental effectiveness, and cost-effectiveness is still lacking.  

3.3. Factors affecting the performance of CIs 

The considerable variation in the performance of CIs requires an understanding of the underlying factors 

affecting their performance. Our review has resulted in a synthesis proposing six groups of factors. 

Management goals: spatial configuration and location of desired habitats 

The extent of spatial coordination among landholders induced by CIs is partly determined by the spatial 

configuration and the location of the desired habitat (Drechsler et al. 2010; Parkhurst and Shogren  

2007). Simple environmental goals that can ease coordination among landholders will be able to foster 

greater spatial coordination. For instance, the AB was found to be more successful in achieving a 

corridor-style reserve than a single core habitat reserve (Parkhurst and Shogren 2007).  

Landscape characteristics: ecological chracteristics of the conserved landscape, and heterogeneity in 

opportunity costs and environmental values 

The magnitude of biodiversity benefits achieved by CIs likely depends on the ecological characteristics 

of conserved species. The literature reveals that the AB can best improve the delivery of environmental 

outcomes for species with a small dispersal range (e.g. Large Blue butterfly habitat in Germany) 

(Drechsler et al. 2010). However, the literature has paid far too little attention to the integration of 

ecological characteristics of the conserved landscape into cost-effectiveness evaluations of CIs.   

Heterogeneity in opportunity costs across the landscape influences the cost-effectiveness of CIs. If cost 

differences among habitat patches are high, an AP (without side payments) is less likely to be cost-

effective than spatially homogenous payments. This is because the patch restriction effect may dominate 

the connectivity effect: the former is where in order to achieve spatial coordination of conservation 

efforts, more costly patches may need to be selected than if habitat patches could be chosen from the 

entire landscape; the latter is where environmental benefits achieved from spatial connectivity of 

conserved patches are higher (Wätzold and Drechsler 2014). In contrast, a landscape with a condensed 
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spatial distribution of low-cost parcels will allow the AB to be able to enrol a large number of adjacent 

habitats (Grout 2009).  

Although the literature has considered heterogeneity in opportunity costs and environmental values 

across plots in the landscape, the impacts of correlations between environmental values and opportunity 

costs on the performance of CIs has been neglected. A detailed analysis of the effects of different relative 

spatial configurations of costs and benefits on the performance of CIs would be an interesting area for 

future work, since it seems to be an important factor co-determining ecological and economic 

effectiveness. 

Type and amount of information provision 

Information exchanges among landholders is proven to have a significant impact on the performance of 

CIs, particularly information about environmental behaviour of landholders within or outside their local 

community, and information about the spatial targeting goals set by the regulators. The literature shows 

both positive and negative impacts of information. Accordingly, the performance of CIs depends on the 

type of information provided and to whom it is provided. For instance, Banerjee et al (2014) found that 

increasing information on neighbours’ actions improved the ability of the AB to achieve spatial 

coordination of conservation, but could not prevent the deterioration of this coodination over time. In a 

conservation auction, Banerjee et al. (2015) indicated that landholders lower their bids when provided 

with information about their neighbours’ winning status in the previous round, thereby improving cost-

effectiveness of the scheme. By contrast, Iftekhar and Tisdell (2016) found that public disclosure of the 

spatial management goal will foster rent-seeking behaviour.  

The literature suggests revealing information about the behaviour of neighbouring landholders 

contributes to the success of CIs. Grout (2009) emphasized that the more certain landholders are about 

their neighbours’ willingness to retire their land, the more likely spatial coordination will succeed. 

Landholders can be direct (i.e. adjacent) or indirect neighbours (i.e. non-adjacent neighbours within the 

local community). Information about land use choices of the former was found to have a stronger impact 

on landholders’ decisions than that of the latter. Moreover, receiving information about the decisions of 

neighbours in another community also affected the performance of CIs. However, the literature provides 

controversial evidence for the impacts of information about another community. While Banerjee (2017) 
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suggests information about landholders’ decisions in another community helps increase spatial 

coordination, Kuhfuss et al (2020) showed that information about the rank between landholder groups 

in terms of coordination and environmental outcomes does not improve the performance of an AB. More 

research is required to help establish clearer evidence on this matter. 

Using information nudges to activate social norms towards environmentally friendly behaviour has 

recently emerged as a promising approach for enhancing the performance of conventional AES (Kuhfuss 

et al. 2016). One might expect that social norms can be leveraged to increase the performance of CIs at 

fostering spatial coordination and scheme uptake in both the short and the long term. Future work will 

need to be undertaken to confirm this. Of critical importance, therefore, is the question of what type and 

amount of information should be provided to be able to activate social norms in such a way that they 

can promote not only intrinsic motivation but also extrinsic motivation at zero (or lowest) cost. The 

degree of effectiveness in activating social norms for promoting environmental behaviour may be 

sensitive to context specifics (Eom et al. 2016). This would also be a useful area for future work. 

Allocation mechanism: additive vs marginal incentive mechanism, auction vs non-action, action-based 

vs results-based mechanism 

The payment allocation mechanism plays an important role in improving the performance of CIs. Hartig 

and Drechsler (2010) assumed sequential land use decisions by two adjacent landholders and 

investigated the performance of two bonus-sharing mechanisms: an additive incentive mechanism (i.e. 

the bonus will be shared equally between the two landholders) and a marginal incentive (i.e. the bonus 

will be paid only to the second landowner who decided to come later and generated the spatial 

connectivity). The authors found that the latter outperforms the former in terms of spatial coordination 

and cost-effectiveness and that this effect is more pronouncd at higher degrees of cost heterogeneity.  

In order to overcome the problems that arise due to information asymmetry between landholders and 

governments, a conservation auction considered as a cost-revealing mechanism together with an AB has 

been increasingly promoted in the literature. Auction features (e.g. pricing rule (discriminatory vs 

uniform), bidding format (single-round or multiple-round), bid selection criteria (total bid or net 

environmnetal benefit or bid-per-area ratio), bid revision rule (allow/prohibit bidders to revise their bids 

during intermediate rounds), and flexibility in bid submission (allow/prohibit bidders to submit multiple 
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bids) were found to have a significant impact on the performance of CIs (Iftekhar and Latacz‐Lohmann 

2017; Iftekhar and Tisdell 2014; Krawczyk et al. 2016; Reeson et al. 2011).  

AES have traditionally been implemented as action-based programmes, which remunerate landholders 

for generating specific environmentally friendly land management practices rather than for generating 

actual environmental outcomes (O'Rourke and Finn 2020). However, action-based payment 

mechanisms have been criticized for poor targeting (weak or uncertain correlation between conservation 

actions and environmental enhancement), adverse selection (hidden information), and moral hazard 

(hidden action) (Batáry et al. 2015; Hart and Latacz-Lohmann 2005). Consequently, action-based AES 

are often found to be unable to deliver the desired environmental outcomes, not to mention the 

widespread phenomenon of poor additionality (Kleijn and Sutherland 2003; Poláková et al. 2011). The 

proposal to link payments to environmental outcomes has been adopted in some parts of the world. 

There is evidence suggesting that results-based schemes will be able to deliver better environmental 

outcomes at landscape scale than action-based schemes (Herzon et al. 2018; Matzdorf and Lorenz, 

2010). The shift from an action-based to a result-based payment has been seen as the way forward for 

future AES design. 

However, the literature has thus far largely ignored the performance of result-based AES that include 

CIs. One of the critical shortcomings challenging the effectiveness of results-based payment schemes is 

the increased risk to landholders (Burton and Schwarz 2013). The outcome of landholders’ actions 

usually depend on several factors that are beyond their control, such as the actions of neighbouring 

landholders or the ability of target species to disperse. Such risks may be reduced by offering a bonus 

payment or a threshold payment for a certain level of participation or spatial connectivity at group level. 

Further experimental research is thus required to investigate whether CIs can be used as a means for 

landscape-level risk mitigation to enhance the performance of results-based schemes. 

Economic factors: bonus size, transaction costs, budget size, side payments 

Transaction costs, payment size, budget size, and side payments are influential economic factors that 

affect the performance of CIs. Villamayor-Tomas et al. (2019) explained that landholder resistance to 

take part in a TP program is partly attributed to high transaction costs required for coordination. This 

finding is in agreement with that obtained by Banerjee et al. (2017) indicating that high transaction costs 
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reduce the effectiveness of AB in enhancing spatial coordination. However, the literature leaves us with 

the question of whether reducing transaction costs can help improve the performance of AES in boosting 

spatial coordination. In actual agricultural landscapes, landholders often own more than one parcel of 

land. The presence of transaction costs for enrolling each parcel is likely to motivate landholders to offer 

only cheap parcels, which might not best enable spatial coordination across the landscape. Therefore, 

one might think it would be more effective to promote spatial coordination among landholders with the 

use of a bonus which covers such transaction costs. For future investigations, it is worth examining the 

performance of a bonus which works as a participation subsidy for increasing landholders’ participation 

rate and improving the likelihood of successful spatial coordination.  

The size of payment (i.e. bonus size or threshold payment size) was found to have significant impacts 

on the performance of CIs, especially in terms of cost-effectiveness. The literature suggests that payment 

size should be large enough to be able to cover the costs incurred by conservation actions (including 

transaction costs, opportunity costs, and direct costs of implementing conservation activities) and to 

incentivize landholders to spatially coordinate their conservation efforts. One observes in the literature 

huge variations across studies in bonus size relative to land values (i.e. opportunity costs) or relative to 

current standard payments. In particular, the literature reveals that bonus size ranges from 2% to 100% 

of the opportunity costs or from 167% to 500% of the standard payments. A small AB has been found 

not to improve participation rates and environmental benefits of AES (Dijk et al. 2017; Fooks et al. 

2016). However, a large bonus payment will challenge the cost-effectiveness and budget efficiency of 

the scheme, although it can help boost spatial coordination (Banerjee 2017). Setting a high bonus 

payment but, to respect a limited budget, with a maximum number of plots that each landholder can 

retire for conservation (5 out of 25 plots), has been proposed in experimental studies (Parkhurst and 

Shogren 2005, 2008). The determination of bonus size was found to be significantly influenced by the 

magnitude of the spill-over effect created by conservation actions. Conservation actions are likely to 

generate positive externalities to surrounding non-conserved plots, such as conservation increasing the 

amenities to surrounding landholders, which in turn increase land prices. If such externalities bring at 

least some of benefit, a relatively small AB may be sufficient to trigger spatial coordination. Otherwise, 

a large AB is required to avoid the incentive for fragmentation (Panchalingam et al. 2019).  
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In the majority of the studies reviewed, the performance of CIs is examined without taking into account 

the spatial heterogeneity of externalities created by spatial coordination. It is assumed that the amount 

of externalities generated by a landholder to his/her neighbour and vice versa as a result of spatial 

coordination is homogenous. Therefore, homogenous bonus payments are set for all participants of AES. 

This is likely to be an unrealistic assumption given that heterogeneity in the spatial configuration of 

environmental values and opportunity costs is often observed in agricultural landscapes. Gueye (2017) 

therefore suggested a discriminating bonus payment where the bonus size received by each landholder 

varies depending on characteristics of their own and their neighbours’ plots. The author found that a 

discriminating bonus payment will increase spatial coordination among landholders. As a way to 

discriminate the bonus payment received by high- and low-cost landholders, side payments allow the 

bonus to be transferred from low-cost farms to high-cost farms. An AP with the inclusion of side 

payments outperformed homogenous payments in terms of cost-effectiveness and budget efficiency 

(Drechsler et al. 2010; Wätzold and Drechsler 2014).  

Together with side payments, budget size was found to be one of the crucial factors determining the 

performance of CIs relative to that of spatially homogenous payments. The literature reveals an 

interesting finding, that CIs are superior to a spatially homogenous bonus for achieving budget 

efficiency and cost-effectiveness in the context of a small budget. Such superiority will diminish with 

increasing budget size (Wätzold and Drechsler 2014). In reality, where conservation budgets are often 

limited, the adoption of CIs will be a promising approach.  

Landholder characteristics: social networks, network size, experience with conservation programs, risk 

and fairness preferences 

Strong social networks among landholders have been observed to facilitate effective spatial coordination 

of conservation activities since they can help tackle the problem of incomplete information regarding 

the behaviour of neighbours. A large number of existing studies recognizes the critical role played by 

communication in enhancing the effectiveness of an exogenous bonus for spatial coordination. 

Communication helps reduce uncertainty about neighbouring landholders’ willingness to set land aside 

for conservation (Banerjee et al. 2017; Parkhurst et al. 2002; Warziniack et al 2007). However, it is 

worth noting the side effect that communication may have on landholders’ bids in an auction mechanism 
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with AB, as communication could also facilitate collusion among landholders for rent seeking. In a 

recent study by Krawczyk et al. (2016), these two effects of communication were found to offset each 

other, leading to no overall impact of communication on the performance of an endogenous bonus. More 

empirical studies are therefore needed to validate the conditions under which communication would 

have positive, negative or no effects on the performance of CIs, including both exogenous and 

endogenous bonuses.  

Thus far, the literature has examined the effect of communication by comparing the results of two 

treatments: with and without communication. However, in the real world, landholders freely make their 

own choices to communicate or not. Leaving communication as an option for landholders does not 

necessarily help improve the performance of CIs. This is simply because communication incurs 

transaction costs for landholders. Such costs may impede landholders’ communication with their 

neighbours for coordinating conservation activities. The size and nature of such transaction costs relative 

to the payoffs of spatial coordination is an important determinant of CIs’ performance. Future research 

could usefully assess the performance of CIs when communication is optional, as well as observe to 

what extent different landholders use this option and how it depends on the structure of landholder 

networks. 

Network size (i.e. number of landholders) is also a factor influencing spatial coordination outcomes of 

CIs. The larger the network, the higher is the degree of strategic uncertainty that landholders will face 

regarding spatial coordination. In a circular network setting, Banerjee et al. (2012) indicated that it is 

harder to achieve efficient coordination in large networks than in small ones. One may infer that a greater 

network size also means higher transaction costs borne by landholders via communication. An AB 

applied to small networks is therefore expected to perform better than one applied to big networks 

(Banerjee et al. 2012). The literature to date has examined the effect of varying network size on the 

performance of the AB, given that the information about neighbours’ choices from all periods (past and 

present) is freely provided to landholders by the regulator. This raises the question of whether CIs would 

still be able to induce spatial coordination in both small and big networks if information about 

neighbours’ choices can only be acquired through costly communication. And if they do, what is the 
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relative performance of CIs in delivering spatial coordination under small and big networks? Testing 

the impact of network size in such conditions is strongly recommended for future research. 

With the exception of the work published by Liu et al. (2019), most experimental designs in the literature 

employed a spatial set-up that could help avoid asymmetric neighbourhood structure, such as a circular 

network. However, a circular network setting does not reflect real-world landscape settings where an 

AB policy could be introduced. In addition, different network types, for instance, line networks and 

lattice networks, will provide different strategic settings as landholders will have different numbers of 

neighbours, thereby facing different strategic uncertainties for spatial coordination (Banerjee 2017). 

Exploring strategic interactions between landholders for spatial coordination on line networks with an 

asymmetric neighbourhood structure is, therefore, recommended. It may provide further insights into 

how landholders’ responses to an AB may differ, given different degrees of strategic uncertainty.  

Given the same initial information, landholders’ experience over time influences the performance of 

CIs. However, the literature has to date revealed mixed evidence on the impact of such experience. On 

the one hand, CIs were found to perform better when landholders gain more experience (Parkhurst and 

Shogren 2007; Parkhurst et al. 2002; Warziniack et al. 2007). On the other hand, there is also evidence 

to suggest that experience deteriorates the performance of Cis in inducing spatial coordination over time 

(Banerjee et al. 2014; Banerjee et al. 2015). In sum, the impact of landholders’ experiences remains 

ambiguous.  

Landholders’ risk and fairness preferences are further underlying factors affecting the likelihood of 

spatial coordination among landholders. The more risk-averse landholders are, the less likely they will 

coordinate with their neighbours for conservation actions (Ferré et al. 2018). In a landscape where cost 

heterogeneity is high and landholders are tight-fisted and inequality-averse agents, introduction of side 

payments may not work well as high-cost landholders are likely to perceive the surplus transferred by 

low-cost landholders to be too small. The literature suggests that inequity aversion reduces performance 

of AB with side payments (Drechsler 2017b; Ferré et al. 2018). Moreover, landholders’ existing social 

norms about neighbours’ cooperative history are found to be a key factor affecting the performance of 

TP (Villamayor-Tomas et al. 2019). It is worth noting that the risk of not receiving the payment due to 

coordination failures associated with each type of CIs will be different, since the degree of uncertainty 
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about other landholders’ behaviour will be greater in a TP scheme that in an AB or TB scheme. However, 

to date, little is known about how risk preferences and existing social norms affect landholders’ 

preferences for different types of CIs.  

3.4. Suggestions for future research 

We have attempted to provide a comprehensive overview of theoretical, experimental and empirical 

findings for three types of CIs that have in the last two decades received increasing interest in the 

literature: Agglomeration Bonus, Threshold Bonus, and Threshold Payment. Our review shows the high 

potential of these CIs for boosting spatially coordinated conservation efforts. However, the review also 

indicates that spatial coordination is likely to come at the expense of reduced performance on other 

performance measures, such as cost-effectiveness. The review has raised the following key areas in need 

of further investigation. 

First, to date, evidence comes mainly from theoretical and experimental studies. Their findings are 

inconclusive and lack generalizability. More theoretical work, especially on the Threshold Bonus, is 

needed to establish the foundation for experimental and empirical work. The review also highlights the 

need for more rigorous experimental and empirical evaluation to validate both the absolute performance 

of each type of CIs and the performance relative to each other.  

Second, future studies should investigate the relative performance of an endogenous versus exogeneous 

approach and test whether the combination of both payment approaches can promote better spatial 

coordination than each alone.  

Third, switching from an action-based to a result-based approach has been encouraged as a novel 

approach to AES implementation. Future work needs to be establish whether results-based schemes with 

the inclusion of different types of CIs perform better than result-based schemes alone in enhancing 

environmental outcomes. 

Fourth, although a growing body of literature has studied environmental and economic impacts of CIs, 

there is little scientific understanding of their social impacts, such as enhancing social ties among 

landholders. This is, thus, an interesting area for future work.  

Last but not least, the review suggests that a better understanding is needed of how consideration of 

ecological, economic and social factors and their interplay influence the performance of CIs. The 



 

26 
 

literature is still in its infancy in exploring under what conditions different types of CIs will perform 

best. Non-pecuniary factors, such as spatial patterns (i.e. spatial correlation between environmental 

benefits and opportunity costs of conservation across the landscape), the degree of intrinsic motivation, 

social capital, social norms, different types of social networks and institutional arrangements, have 

largely been ignored. Future studies should elucidate the impacts of such factors on the performance of 

CIs. 

Similar to spatially homogenous payments, CIs are short-term payments. Can CIs enhance the long-

term persistence of behavioural changes when economic incentives end? If so, under what conditions 

are they able to do so? If not, how would their design have to be adapated to enhance their long-term 

performance? Addressing these questions would be a much needed area for future work.    

4. Conclusions 

Spatially homogenous payment design under conventional agri-environmental schemes (AES) has been 

widely observed to be an inefficient way for generating environmental benefits from privately-owned 

land at the landscape scale. This review has aimed to improve our understanding of the design and 

implementation of coordination incentives (CIs) for landscape-scale environmental management, 

namely Agglomeration Bonus, Threshold Bonus, and Threshold Payment. It shows that such CIs can be 

incorporated endogenously or exogenously into the design of AES, and can be very effective at inducing 

spatial coordination of conservation efforts. However, their real-world implementation is still rare. The 

review suggests that CIs can perform differently in terms of environmental effectiveness, cost-

effectiveness, budget efficiency, and fairness. Their performance is dependent on management goals, 

landscape characteristics, the type and amount of information provided to landholders, the contract 

allocation mechanism chosen, economic factors, and landholders’ characteristics. Due to highly context-

specific variation in real-world settings, the review suggests that the choice of one particular of the three 

CIs in any specific real-world setting is difficult and no general recommendations can be made in that 

respect. Our review highlights a number of questions that need to be addresed in future research to 

enable policy makers to design more effective and efficient programs to tackle environmental problems 

that require spatial coordination of conservation activities at a wider landscape scale.  
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