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Abstract 

This paper considers a self-enforcing International Environmental Agreement (IEA) for biodiversity 

conservation with a spatial structure.  We develop a general framework that allows the analysis of 

asymmetry with respect to the distance between and location of countries on coalition stability.  We do 

so by presenting a circular structure to study cooperation among countries that are identical in costs 

and benefits of conservation and in the size of their biodiversity endowment (though they host 

different species).  Results are robust for different spatial patterns: stable coalitions have a maximum 

size of 2, and the best global payoff is obtained when these coalitions are composed of neighbouring 

countries.  We find evidence of “conservation leakage”: conservation efforts of coalitions are thwarted 

by singletons who do not join the biodiversity agreement.  This makes any coalition of size 3 or larger 

unstable, regardless of the possibility of transfers.  Concerning spatial structures, we find that global 

payoffs associated with coalitions of two members are the highest not only when the distance between 

members is smallest, but also the closer singletons are located, as they benefit from positive spillovers. 
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1. Introduction 

Benefits from biodiversity differ among countries (World Bank 2008).  Initial biodiversity 

endowments, costs of conservation measures, and dependence of a country’s economy on its 

natural resources are some of the factors that determine countries’ local benefits of 

biodiversity conservation.  However, biodiversity benefits are not only perceived at a local 
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scale (i.e. at a country level), but also at a regional and global scale.  Many of the services 

provided by biodiversity display features of global public goods.   

Due to its public good nature, the consequences of biodiversity loss are not confined to 

nation states.  An overall rapid decline of biodiversity affects all countries regardless of the 

uneven distribution of biodiversity among them and of the location where the decline takes 

place.  For this reason an important option for biodiversity management is the implementation 

of international environmental agreements (IEAs) for biodiversity conservation.  International 

agreements are not easy to achieve: countries must not only agree to sign an agreement, but 

also ratify and enforce it to make it effective (Wangler et al. 2013).   

IEAs have been applied over the past fifty years as useful tools to target problems such as 

greenhouse gas emission control, use of transboundary watercourses, and also biodiversity 

conservation (e.g. CBD, CITES, CMS, Ramsar Convention).  In the domain of game theory 

there are studies that analyse coalition stability of IEAs for conservation, such as Alvarado-

Quesada and Weikard (2015), Ansink and Bouma (2013), Barrett (1994), Punt et al. (2012), 

and Winands et al. (2013).  Yet, the impact of the spatial dimension of agreements on their 

stability has not been studied thoroughly.  Metapopulation models do consider interactions 

between spatially divided populations of a species.  However, most of these kind of models 

follow a dynamic approach and are based on colonisation-extinction equilibrium of a single 

species, and not on global biodiversity.   

The aim of our study is to analyse the impact of spatial structure on the stability of an IEA 

for biodiversity conservation.  To do so we develop a model that accounts not only for local 

and global biodiversity benefits – which are considered to be independent of spatial structure 

–, but also for regional biodiversity benefits that we model as positive spillovers from 

neighbouring countries.  These spillovers are assumed to be stronger if countries are closer.  

Although the model framework that we adopt is capable of capturing the impact of any spatial 
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structure on coalition stability, we focus on one particular spatial setting: a circular structure.  

This is the simplest structure that is rich enough to explain cooperation among neighbouring 

countries. 

Distance between and location of countries are key variables in the decision to cooperate in 

an IEA (see Davies and Naughton 2013).  To study the continuous, circular structure that we 

want to consider, we build upon Salop’s (1979) industry location model.  In Salop’s model, 

players – in our case the countries – are located on the circumference of a circle.  Within this 

spatial structure each country has two directly neighbouring countries.  Hence, our model 

differs from conventional models of industrial economics and transboundary pollution theory 

with a linear structure, i.e. where countries located at the ends have only one neighbour (e.g. 

Hotelling 1929), and where interactions between countries are unidirectional (e.g. 

Gengenbach et al. 2010, Wang 2011).  It also differs from spatial-game-theory models of 

coalition formation (Gengenbach et al. 2010, Punt et al. 2012).  

In addition to the circular spatial structure that we include in our model, we introduce a 

new definition of distance.  Following Weitzman’s (1998) concept of jointly protected species 

among countries, we define a “species intersection distance” (SID) as the distance between 

any two countries with respect to the number of species they share.  In our definition, the 

more species two countries have in common, the closer they are. 

For the analysis of our spatial model we follow a maximisation approach of the net 

benefits of biodiversity conservation.  We assume that each country carries out its 

conservation activities at the lowest cost.  Moreover, we incorporate the spatial feature to our 

model by means of a parameter that weighs benefits of regional conservation according to the 

distance among countries.   

Our model fills a gap in the literature capable of describing the role of distance between 

and location of countries in the design of an IEA for biodiversity conservation.  The novel 
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contribution of our research is the introduction of a general framework that allows to study the 

role of spatial structures in coalition formation.  In particular, we use such framework to study 

the specific setting of a circular spatial structure.  This spatial structure best describes 

cooperation among neighbouring countries: it allows studying the management of a 

transboundary resource where distance between and location of countries are relevant but 

where benefits of biodiversity are not unidirectional.  Ultimately, we intend to shed light on 

the potential of and the design principles for regional cooperation in multinational 

conservation programmes.  

The paper is organised as follows.  Section 2 describes the structure of the model and 

provides analytical results.  In Section 3 we state the specification of the numerical 

simulations for our spatial model, and we describe the scenarios of two different location 

patterns.  In Section 4 we present the results without and with the inclusion of a transfer 

scheme.  We also introduce an index of proximity to shed some light on the behaviour of 

coalitions when countries group in clusters along the circumference of the circle.  Section 5 

concludes.  

  

2. Structure of a spatial model for biodiversity conservation 

2.1. Species intersection distance (SID) 

To make our framework operational, we use species counting as an approximate measurement 

of biodiversity per country (Weikard 2002).  Different concepts of distance are applied in the 

field of biology to pursue basic classification tasks (see Deza and Deza 2009).  In line with 

our selected biodiversity measurement, we derive our own definition of distance based on a 

concept used in Weitzman’s (1998) species/library model of diversity.   

In his model, Weitzman refers to 𝐽 as the number of books held jointly in common between 

two libraries, where libraries stand for species and books are species’ gene pools.  We 
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implement a similar analogy to define our concept of distance.  We define a “species 

intersection distance”, 𝑑𝑖,𝑗, as the distance between any two countries 𝑖 and 𝑗 measured 

according to the size of the set of intersecting species, 𝐷𝑖∩𝑗.  For simplicity we refer to this 

distance from here after as SID.  Distance between countries is then a function of the 

distribution of species: the larger the set of shared species between countries, the shorter the 

SID between them.  

Therefore, in our model the distance among countries reflects the ecological interpretation 

of the intersection of species, and depends on the position of the countries on the 

circumference of the circular structure that we consider for our “product” space.  

 

2.2. Circular structure of the game  

Several environmental economic models dealing with spatial configurations make use of the 

industrial organization literature (Goeschl and Igliori 2004, Albers et al. 2008, Ando and Shah 

2010, and Punt et al. 2012).  Hotelling’s (1929) location model is one of the main models of 

industry location.  In his model consumers of a particular good are uniformly distributed 

along a finite line and there are two firms producing the same good.  The underlying 

assumption is that consumers will buy the good from the nearest-located firm until both firms, 

in equilibrium, choose to locate at the mid-point of the line to capture the largest share of the 

market.  

For our research we build up on Salop’s (1979) industry location model, which describes a 

product space of the industry in the form of the circumference of a circle.  This assumption 

avoids edges that drive Hotelling’s result.  In our model we employ the circular spatial 

structure where all countries have at least two neighbours, and we study cartel formation 

game in this structure.  

 



 6 

2.3. Description of the model  

We start by considering a set 𝑁 composed of 𝑛 ≥ 3 countries.  We follow a maximisation 

approach of the net benefits of biodiversity conservation.  Costs of biodiversity conservation 

are related to the biodiversity endowment of each country.  Benefits of conservation, 

however, can be perceived at different scales, e.g. local, regional and global.  We describe 

these benefits below.  

 

Local benefits of biodiversity conservation 

Countries obtain benefits from conservation of their biodiversity endowment.  Local benefits 

of conservation are defined as:   

𝐿𝑖 = 𝜆 ∙ 𝑏𝑖   ∀ 𝑖 ∈ 𝑁,  (1) 

where 

𝐿𝑖 are benefits of local biodiversity conservation for country 𝑖  

𝜆 is the parameter for benefits of local biodiversity conservation for country 𝑖, 𝜆 > 0 

𝑏𝑖 is the biodiversity conservation level in country 𝑖 as measured by a species count   

 

Regional benefits of biodiversity conservation 

In addition to local benefits of conservation, countries can also benefit from the conservation 

of other countries’ biodiversity endowments.  We assume that a country 𝑖 can benefit from the 

conservation of a given species 𝑧 –that belongs to the set of species in country 𝑖− in any other 

country 𝑗, ∀ 𝑗 ∈ 𝑁.  This benefit can be perceived as an option value for country 𝑖, e.g. in the 

eventual case that species 𝑧 is threatened or extinct in country 𝑖, it could be reintroduced in 

the country if it conserved in country 𝑗.  We refer to these benefits as regional ones because it 

is plausible to assume that countries that are close in geographical terms are likely to share 

more species and thus have lower SID.  
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Regional benefits are the ones that encompass the circular spatial structure of the game by 

means of the existing distance among countries.  As mentioned previously, the definition of 

distance in our spatial model is linked to the set of species held jointly in common between 

any two countries.  The SID, 𝑑𝑖,𝑗, is the distance between any two countries 𝑖 and 𝑗 measured 

according to the size of the set of common species, 𝐷𝑖∩𝑗.  Larger sets of common species 

between countries imply shorter distances among them.      

In order to include the SID in the payoff function of our model, we define a parameter that 

weighs the relevance of distance in the regional benefits of conservation.  The impact of 

biodiversity 𝑏𝑗 on the regional benefits of conservation of country 𝑖 will be weighed by the 

“distance weight parameter” 𝜔𝑖,𝑗.  Regional benefits of conservation are defined as:  

 

𝑅𝑖 = 𝜌(∑ 𝜔𝑖,𝑗 ∙ 𝑏𝑗𝑗𝜖𝑁−𝑖
)    ∀ 𝑖, 𝑗 ∈ 𝑁,  (2) 

where 

𝑅𝑖 are benefits of regional biodiversity conservation for country 𝑖 

𝜌 is the parameter for benefits of regional biodiversity conservation for country 𝑖, 

 𝜌 > 0 

𝑏𝑗 is the biodiversity conservation level in any country 𝑗 ∈ 𝑁−𝑖 as measured by a species 

count   

𝜔𝑖,𝑗 is the inverse distance parameter that weighs biodiversity of any other country 𝑗𝜖𝑁−𝑖  

in the regional benefits of conservation, where  0 ≤ 𝜔𝑖,𝑗 ≤ 1 

 

Recall that the SID is inversely related to the distance weight parameter 𝜔𝑖,𝑗: the shorter 

the SID between two countries, the larger its impact on the regional benefits.   

The complete spatial structure of our model is embedded in the two parameters of regional 

benefits of biodiversity conservation that have been introduced here: 𝜌 and 𝜔𝑖,𝑗.  Recall that 
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regional benefits are a function of the biodiversity of all other countries in 𝑁, and therefore of 

their respective biodiversity endowments.   

 

Global benefits of biodiversity conservation 

Global benefits of conservation are derived from the definition of biodiversity as a public 

good.  The notion of a certain level of biodiversity being preserved in the world generates 

benefits for all countries.  We define global benefits of conservation as:    

 

𝐺𝑖 = 𝛾 ∙ 𝑀   ∀ 𝑖 ∈ 𝑁,  (3) 

where 

𝐺𝑖 are the benefits of global biodiversity conservation perceived by country 𝑖 

𝛾 is the parameter for benefits of global biodiversity conservation for country 𝑖, 𝛾 > 0 

𝑀 is global biodiversity conservation, defined as the number of species protected in the 

world 

Global biodiversity conservation 𝑀 describes how aggregate conservation measures are 

reflected on the total number or preserved species.  If, for example, species 𝑧 is protected in 𝑥 

number of countries, it would be counted 𝑥-times in the sum of individual conservation levels 

∑ 𝑏𝑗 = 𝐵.  Therefore, we cannot use 𝐵 as our measure of global biodiversity because we 

would run into an over counting error.  Instead, we define global biodiversity conservation as 

a subadditive function of the sum of total biodiversity endowments, where 𝑀 ≤ 𝐵 ≡ ∑ 𝑏𝑗 .  

We define global biodiversity conservation as the following parabolic, subadditive function of 

𝐵:   

𝑀 = 𝛿(−𝐵2 + 2�̅�𝐵)      (4) 

where  

𝛿 is the parameter for subadditivity  
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𝐵 is the sum of individual conservation levels of all countries in 𝑁 (measured by a 

species count) 

�̅� is the sum of individual countries’ species endowments �̅�; i.e. for 𝑛 symmetric 

countries,  �̅� = 𝑛 ∗ �̅� 

 

Note that the maximum value that global biodiversity conservation can take, �̅�, is obtained 

when 𝐵 =  �̅�.   

For the assumption of subadditivity of the global conservation function to hold, we require 

𝑀 to be concave.  We also require that  
1

𝑛�̅�
≤ 𝛿 ≤

1

2�̅�
 in order to guarantee that the slope of the 

function is smaller than 1 in its relevant part 0 ≤ 𝐵 ≤ �̅�; and that the global species 

endowment (weakly) exceeds the species endowment in any individual country (see 

Alvarado-Quesada and Weikard 2015).   

If we substitute equation (4) in the global benefits of biodiversity conservation in equation 

(3) we obtain:  

𝐺𝑖 = 𝛾 ∙ [𝛿(−𝐵2 + 2�̅�𝐵) ]  ∀ 𝑖 ∈ 𝑁.  (3') 

 

To facilitate our numerical appraisal we normalise with respect to the benefit parameter of 

global biodiversity conservation 𝛾.  Therefore we consider 𝛾 = 1 throughout all the 

calculations of this paper.  Also, we assume that 𝛿 =
�̅�

�̅�2. 

 

Now that we have defined the specification of the different benefits of biodiversity 

conservation, we can develop our model of an IEA for biodiversity conservation with a 

defined spatial structure.  We consider a two-stage cartel game with 𝑛 countries.  In the first 

stage of the game countries choose to join or not the IEA.  In the second stage of the game, 

those countries that choose to join the agreement − namely the signatories − coordinate their 
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actions to maximise the collective net benefits of biodiversity conservation.  The set 

composed of signatory countries is defined as 𝑆.  Countries that remain outside of the 

agreement – the outsiders − maximise their own payoff functions.  

We define the payoff function for country 𝑖 as follows:  

𝜋𝑖 =  𝜆𝑏𝑖 + 𝜌 ( ∑ 𝜔𝑖,𝑗 ∙ 𝑏𝑗

𝑗𝜖𝑁−𝑖

) + 𝛾𝛿(−𝐵2 + 2�̅�𝐵) − 𝑐(𝑏𝑖 − 𝑎)2 

 ∀ 𝑖 ∉ 𝑆. (5) 

 

We assume a quadratic specification for the local costs of conservation where 𝑐 is the 

parameter of costs for local biodiversity conservation, 𝑐 > 0; and 𝑎 is a scalar of the number 

of species preserved in each country at no cost, 𝑎 ≥ 0.   

Substituting 𝐵 = ∑ 𝑏𝑗 in equation (5) we obtain:  

𝜋𝑖 =  𝜆𝑏𝑖 + 𝜌 ( ∑ 𝜔𝑖,𝑗 ∙ 𝑏𝑗

𝑗𝜖𝑁−𝑖

) + 𝛾𝛿 [− (∑ 𝑏𝑗

𝑗𝜖𝑁

)

2

+ 2�̅� (∑ 𝑏𝑗

𝑗𝜖𝑁

)] − 𝑐(𝑏𝑖 − 𝑎)2 

∀𝑖 ∉ 𝑆,  (5') 

 

which is equal to  

𝜋𝑖 =  𝜆𝑏𝑖 + 𝜌 ( ∑ 𝜔𝑖,𝑗 ∙ 𝑏𝑗

𝑗𝜖𝑁−𝑖

) + 𝛾𝛿 [− (𝑏𝑖 + ∑ 𝑏𝑗

𝑗𝜖𝑁−𝑖

)

2

+ 2�̅� (𝑏𝑖 + ∑ 𝑏𝑗

𝑗𝜖𝑁−𝑖

)] − 𝑐(𝑏𝑖 − 𝑎)2 

∀ 𝑖 ∉ 𝑆.  (5'') 

 

Each country 𝑖 = 1, … , 𝑛 maximises its total payoff function subject to its own 

conservation level 𝑏𝑖.  The equilibrium biodiversity levels are given by: 
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𝑏𝑖
∗ =  

𝜆 + ∑ 𝜌 ∙ 𝜔𝑗,𝑖 − 2 ∑ (𝛾𝛿) ∙ (𝐵−𝑖𝑗𝜖𝑆 − �̅�) + 2𝑐𝑎𝑗𝜖𝑆−𝑖 

2[𝑐 + ∑ (𝛾𝛿)𝑗𝜖𝑆 ]
 

∀𝑖 ∈ 𝑆,  (6) 

and 

𝑏𝑖
∗ =

𝜆 − 2𝛾𝛿(𝐵−𝑖 − �̅�) + 2𝑐𝑎 

2(𝑐 + 𝛾𝛿)
 

∀𝑖 ∉ 𝑆,  (7) 

where 𝑆 is the set of insiders or signatory countries.  

 

Coalition stability 

A subgame perfect equilibrium implies that, given the choices of the signatories on the 

second stage of the game, i) signatories do not have an incentive to leave the coalition 𝑆, and 

ii) the outsiders have no incentive to join the coalition 𝑆.  A coalition 𝑆 is said to be internally 

(IS) and externally stable (ES) when:  

 

IS: 𝜋𝑖
∗(𝑆) ≥ 𝜋𝑖

∗(𝑆 ∖ {𝑖})  ∀ 𝑖 ∈ 𝑆,   (8) 

and 

ES: 𝜋𝑗
∗(𝑆) ≥ 𝜋𝑗

∗(𝑆 ∪ {𝑗})  ∀ 𝑗 ∉ 𝑆.   (9) 

 

where 𝜋𝑖
∗(𝑆) is the payoff of a signatory and 𝜋𝑗

∗(𝑆) is the payoff of an outsider when 

coalition 𝑆 is formed.   

For our analysis, we want to study the impact of distance between and location of 

countries on agreements’ stability and on conservation effectiveness.  In order to do so, we 

consider 𝑛 = 12 countries with identical characteristics (i.e. identical cost-benefit parameters 

and size of biodiversity endowments) but with different locations throughout the 
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circumference of the circle that we use as our spatial structure.  We perform a numerical 

analysis for different spatial structures in the following section.    

 

3. Specification of the numerical analysis of a spatial model for biodiversity 

conservation 

3.1. Description of the base model 

In order to obtain the stability conditions for our spatial model, we perform a numerical 

simulation for two scenarios that illustrate different location structures.  First, we set a base 

model where we determine arbitrary values for the different parameters at stake.  Second, we 

proceed to change the value of each of these parameters separately to study the impact of 

these changes on the size and composition of the stable coalitions.  Table 1 shows the 

parameter values for the base model of the two scenarios under analysis.  

 

Table 1. Parameter values for the base model 

Parameter Value 

Maximum global biodiversity conservation (�̅�) 1 

Sum of individual countries’ species endowments (�̅�) 6 

Benefits of local biodiversity conservation (𝜆) 0.5 

Benefits of regional biodiversity conservation (𝜌) 0.05 

Weighted value of biodiversity of other countries (𝜔𝑖,𝑗)   See Appendix 

Benefits of global biodiversity conservation (𝛾) 1 

Costs of local biodiversity conservation (𝑐) 1 

Species protected per country at no cost (𝑎) 0.05 

 

The maximum sum of individual countries’ biodiversity is �̅� = 6.  Since we consider 12 

symmetric countries, each country’s biodiversity endowment is �̅� = 0.5.  We assume that the 

total number of species protected at no cost is 10% of the biodiversity endowment in each 
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country �̅�, i.e. 𝑎 = 0.05.  Also, regional benefits of conservation in the base model are 10% 

of the local benefits of conservation, i.e. 𝜌 = 0.05.   

 

3.2. Description of scenarios 

As mentioned in the previous section, countries are symmetric in all model parameters except 

for the distance weight parameter 𝜔𝑖,𝑗.  This parameter weighs the distance between any two 

countries in the circumference of the circular spatial structure.  In our study we analyse two 

different spatial structures where countries are located in a specific pattern throughout the 

circumference of the circular structure.  Hence, the value assigned to the distance weight 

parameter per country depends on the scenario at stake.  The weighted distance parameter 

matrices for the two scenarios can be found in the Appendix (Table I and II).  Below we 

describe the scenarios in detail.  

 

Scenario I: Stability for equidistant countries 

The first scenario under analysis considers equidistant countries throughout the 

circumference of the circular structure.  This implies that the SID between any two 

neighbouring countries in the circumference of the circle is equal; i.e. 𝑑1,2 = 𝑑2,3 = 𝑑3,4, etc.: 

 

Fig. 1 Circular structure with equidistant countries 
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Our assumption implies that the set of common species between any two countries has the 

same size, but is not necessarily composed of the same species.   

 

Scenario II: Stability for “increasing distances” among countries   

For this second scenario we assume that the distance between countries will increase as we 

move along the spatial plane towards the furthest country possible.  For example, if the SID 

between country 1 (C1) and country 2 (C2) is 𝑑1,2 = 𝑥, then the SID between C2 and C3 is 

𝑑2,3 = 2𝑥, the SID between C3 and C4 is 𝑑3,4 = 3𝑥, and so on and so forth.  The largest 

distance is that between any two countries that are the farthest possible from each other: e.g. 

the SID between C1 and C7 is 𝑑1,7 = 21𝑥: 

 

Fig. 2 Circular structure with increasing distances among countries 

 

3.3. Welfare analysis: the inclusion of the “closing the gap index” (CGI) 

We are interested in making our numerical appraisal comparable not only with respect to 

results of parameter changes within scenarios, but also among scenarios.  In order to do so, we 

incorporate in our analysis a welfare measure suggested by Eyckmans and Finus (2006) called 

the “closing the gap index” or CGI.  The welfare CGI is defined as: 

𝐶𝐺𝐼𝑉 =
𝑉𝐸−𝑉𝑁𝐶

𝑉𝐹𝐶−𝑉𝑁𝐶      (10) 

where 
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𝑉𝐸 is the global payoff of the best coalition in equilibrium 

𝑉𝑁𝐶 is the global payoff when there is no cooperation 

𝑉𝐹𝐶  is the global payoff in the social optimum (full cooperation) 

 

Notice that the index satisfies 0 ≤ 𝐶𝐺𝐼𝑉 ≤ 1.   

Since the CGI is an effective tool to compare relative welfare, we also make use of an 

equivalent index to evaluate the success of the equilibrium coalition in terms of global 

biodiversity conservation.  The definition of the global conservation 𝐶𝐺𝐼𝑀 is analogous to the 

𝐶𝐺𝐼𝑉:  

𝐶𝐺𝐼𝑀 =
𝐺𝐸−𝐺𝑁𝐶

𝐺𝐹𝐶−𝐺𝑁𝐶 .     (11) 

  

4. Results 

After specifying the base model and the two different scenarios of our study, we proceed with 

the coalition stability analysis.  We first calculate results for the base case of each scenario.  

Then, we change the value of each of the parameters listed in Table 1 separately to study the 

impact of these changes on i) the size and composition of the stable coalitions, ii) global 

biodiversity conservation and iii) the global payoff from biodiversity conservation. 

 

Table 2. Coalition stability and CGI for equidistant countries 
a/
   

Change in 

parameter 

value 

Size of 

stable 

coalitions 

(s*) 

Number of 

stable 

coalitions 

(𝑀 = 4095) 

Global biodiversity 

under best 

coalition (number 

of protected species 

and CGI
M 

in %) 

Global payoff 

under best 

coalition 

(absolute value 

and CGI
V
 in %) 

Remarks 

1.  BASE MODEL  2 66 

0.92 

 

CGI
M

=10.2 

12.91 

 

CGI
V
=10.8 

All possible coalitions of two 
members are stable. Twelve 
of these have the best payoff. 
These are composed of two 
neighbouring countries:  

C1-C2, C2-C3, C3-C4, etc.  
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2. Higher local 
benefit parameter 

 

𝜆 = 0.6 

2 66 

0.96 

 

CGI
M

=11.8 

13.84 

 

CGI
V
=11.6 

Same as base case. 

3. Lower local 
benefit parameter 

 

𝜆 = 0.4 

2 66 

0.87 

 

CGI
M

=10.1 

11.92 

 

CGI
V
=10.5 

Same as base case. 

4. Higher regional 
benefit parameter 

 

𝜌 = 0.075 

2 66 

0.92 

 

CGI
M

=11.1 

13.37 

 

CGI
V
=11.1 

Same as base case. 

5. Lower regional 
benefit parameter 

 

𝜌 = 0.025 

2 66 

0.92 

 

CGI
M

=9.3 

12.46 

 

CGI
V
=10.2 

Same as base case. 

6. Higher cost 
parameter 

 

𝑐 = 1.1 

2 66 

0.89 

 

CGI
M

=9.6 

12.48 

 

CGI
V
=10.8 

Same as base case. 

7. Lower cost 
parameter 

 

𝑐 = 0.9 

2 66 

0.94 

 

CGI
M

=11.1 

13.36 

 

CGI
V
=11.8 

Same as base case. 

8. Higher number 
of species 
protected at no 
cost 

 

𝑎 = 0.10 

2 66 

0.96 

 

CGI
M

=11.8 

13.75 

 

CGI
V
=11.0 

Same as base case. 

9. Zero species 
protected at no 
cost 

 

𝑎 = 0 

2 66 

0.87 

 

CGI
M

=10.1 

11.94 

 

CGI
V
=10.7 

Same as base case. 

a/ Only one parameter is changed at a time.  All cases are to be compared with the base model in Table 1. The values of the parameter 𝜔𝑖,𝑗 

are those showed in the weighted distance parameter matrix for equidistant countries in Table I of the Appendix.   

 

Table 2 above presents the results of the numerical analysis for the scenario with 

equidistant countries.  Results show that the maximum size of a stable coalition for our model 

is 𝑠∗ = 2.  For all parameter changes, all possible coalitions of two countries that can be 
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formed in a twelve-player game (i.e. 66 coalitions) are stable.  Yet, only those coalitions 

composed of two neighbouring countries (e.g. C1-C2, C2-C3, etc.) have the best payoff.   

For the base model, the value of the 𝐶𝐺𝐼𝑉 is 10.8.  This implies that 10.8% of the potential 

gains from full cooperation can be obtained by means of the formation of a stable agreement 

of two members.  In terms of conservation, the value of the index in the base model is 

𝐶𝐺𝐼𝐺 = 10.2.  An agreement with a stable coalition of two members will protect 10.2% of 

the total conservation that the grand coalition would preserve in addition to those preserved in 

the absence of an agreement.   

The relatively largest potential gains from cooperation can be obtained when the cost 

parameter decreases in 10% (from 𝑐 = 1 to 𝑐 = 0.9): 11.8% of the potential gains from the 

scenario of full cooperation can be reaped when a coalition of two countries is formed.  In 

terms of conservation, the largest gains can be obtained with two separate parameter changes:  

when the local benefit parameter increases in 20% (from 𝜆 = 0.5 to 𝜆 = 0.6) and when 

species protected at no cost increase in 100% (from 𝑎 = 0.05 to 𝑎 = 0.10), a total of 11.8% 

of global conservation under the grand coalition is protected.  

 

Table 3. Coalition stability and CGI for increasing distances among countries 
a/
   

Change in 

parameter 

value 

Size of 

stable 

coalitions 

(s*) 

Number of 

stable 

coalitions 

(𝑀 = 4095) 

Global biodiversity 

under best 

coalition (number 

of protected species 

and CGI
M 

in %) 

Global payoff 

under best 

coalition 

(absolute value 

and CGI
V
 in %) 

Remarks 

1.  BASE MODEL  2 66 

0.92 

 

CGI
M

 =11.2 

13.00 

 

CGI
V
 =11.5 

All possible coalitions of two 
members are stable. Twelve 
of these have the best payoff. 
These are composed of two 
neighbouring countries:  

C1-C2, C2-C3, C3-C4, etc. 

2. Higher local 
benefit 
parameter 

 

λ = 0.6 

2 66 

0.96 

 

CGI
M

 =11.8 

13.93 

 

CGI
V
 =12.4 

Same as base case.  
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3. Lower local 
benefit 
parameter 

 

λ = 0.4 

2 66 

0.87 

 

CGI
M

 =10.9 

12.00 

 

CGI
V
 =11.5 

Same as base case. 

 

4. Higher regional 
benefit 
parameter 

 

𝜌 = 0.075 

2 48 

0.92 

 

CGI
M

 =12.2 

13.49 

 

CGI
V
 =12.1 

From all possible coalitions of 
two members (66), only 48 of 
them are stable.  Twelve of 
these have the best payoff. 
These are also composed of 
two neighbouring countries:  

C1-C2, C2-C3, C3-C4, etc. 

Those coalitions that are 
not stable are composed of 
two countries that are the 
farthest possible from each 
other (e.g. C1-C7), or the 
second farthest possible 
(e.g. C1-C6 and C1-C8).   

5. Lower regional 
benefit 
parameter 

 

𝜌 = 0.025 

2 66 

0.92 

 

CGI
M

 =10.3 

12.50 

 

CGI
V
 =11 

Same as base case. 

6. Higher cost 
parameter 

 

𝑐 = 1.1 

2 66 

0.90 

 

CGI
M

 =10.5 

12.56 

 

CGI
V
 =11.2 

Same as base case. 

7. Lower cost 
parameter 

 

𝑐 = 0.9 

2 66 

0.95 

 

CGI
M

 =12.7 

13.45 

 

CGI
V
 =12.9 

Same as base case. 

8. Higher number 
of species 
protected at no 
cost 

 

𝑎 = 0.10 

2 66 

0.96 

 

CGI
M

 =11.8 

13.84 

 

CGI
V
 =13.0 

Same as base case. 

9. Zero species 
protected at no 
cost 

 

𝑎 = 0 

2 66 

0.87 

 

CGI
M

 =10.9 

12.02 

 

CGI
V
 =11.6 

Same as base case. 

a/ Only one parameter is changed at a time.  All cases are to be compared with the base model in Table 1. The values of the parameter 𝜔𝑖,𝑗 

are those showed in the weighted distance parameter matrix for equidistant countries in Table II of the Appendix.   
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Table 3 shows the results for the scenario with increasing distances among countries.  As 

in the previous scenario, the maximum size of a stable coalition for this model is 𝑠∗ = 2.  

Also, again the twelve coalitions composed of two neighbouring countries generate the 

highest global payoff of any stable coalition.   

In the base model for the scenario with increasing distances among countries, 11.5% of the 

potential gains from full cooperation can be obtained by the formation of a stable agreement 

of two members and 11.2% of global conservation under the grand coalition is reached 

(𝐶𝐺𝐼𝑉 = 11.5 and 𝐶𝐺𝐼𝑀 = 11.2, respectively).  Finally, from all parameter changes, the 

largest potential gains from cooperation can be obtained from a 100% increase in the number 

of species protected at no cost (𝐶𝐺𝐼𝑉 = 13); and the largest relative gains in conservation can 

be obtained from a 10% decrease of the cost parameter (𝐶𝐺𝐼𝑀 = 12.7).   

Note that for all parameter changes, all 66 coalitions of two members are stable, with the 

exception of a higher regional benefit parameter (increase from 𝜌 = 0.05 to 𝜌 = 0.075).  For 

this latter case, 48 out of 66 coalitions of two members are stable.  The 18 coalitions 

consisting of two countries that are not stable are structured in two different ways: i) those 

coalitions composed by any two countries that are the farthest away possible: e.g. C1-C7, C2-

C8, etc.; and ii) those coalitions composed by a country and its second farthest possible 

countries on the circumference: e.g. C1-C6 and C1-C8, C2-C7 and C2-C9, etc. (see Figure 2).  

The lack of stability of these coalitions is caused by a leakage effect: coalition members 

protect more than they would under no cooperation in order to maximise their joint benefits. 

Because of positive spillovers, singletons reduce their conservation levels by free-riding on 

the coalition that is formed. This “leakage effect”, in turn, reduces spillovers that members 

receive from singletons.  The latter effect offsets the gains from cooperation that signatories 

perceive.  Hence, coalition members have incentives to deviate and therefore the coalition is 

internally unstable.  The effect is more pronounced for a higher 𝜌 parameter since this 
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accentuates the leakage effect.  Only coalitions where members are close to each other remain 

stable when 𝜌 is increasing, since they can reap larger gains from cooperation. 

 

Inclusion of transfers 

Transfers are used as a tool to incentivise participation in an agreement such that larger 

coalitions may satisfy their internal stability conditions (Pavlova and de Zeeuw 2013).  We 

applied an optimal sharing rule for the outcomes of our spatial biodiversity model to see 

whether larger stable coalitions could be achieved.  We chose an optimal sharing rule because 

it emphasizes the relevance of individual outside options: the rule guarantees internal stability 

of a coalition when its payoff (weakly) exceeds the sum of the outside option payoffs 

(Weikard 2009).  

Our calculations show that the inclusion of a transfer scheme does not have an impact on 

the number and size of stable coalitions for any parameter change in both scenarios.  The fact 

that players have identical benefits and cost functions limits the potential impact of transfers 

on stability.  For those parameter settings where all 66 coalitions of two members are stable, 

the inclusion of transfers has no impact.  But also, for the scenario with increasing distances 

and a high 𝜌 parameter where some of the two-player coalitions are internally unstable, the 

inclusion of transfers does not help to restore internal stability.  The reason is that, in terms of 

payoff, both members of these coalitions are worse off inside the coalition than when acting 

as singletons.  The gains from cooperation are too low to compensate for the leakage effects.  

 

Proximity and location of countries in a spatial structure 

In order to have a better understanding of the leakage effect that we observed in the previous 

scenario and its relation to the distance to and location of countries throughout the 

circumference of the circle, we set up a spatial structure that illustrates effects of clustering of 
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countries.  So far we have seen that the maximum size that a coalition can reach under our 

payoff specification function is 𝑠∗ = 2.  With the spatial structure that we set below we want 

to study the conditions under which we obtain the best payoff for a stable coalition of two 

members when there are groups of clusters.   

We first set three clusters in our spatial structure.  The first cluster is composed of two 

countries (C11 and C12) that have a SID between them of 𝑑11,12 = 𝑥.  We name this first 

cluster as “cluster A”.  Then, we set up a second cluster also composed of two countries (C1-

C2), but this time with a larger SID between them: 𝑑1,2 = 2𝑥.  We denote this cluster as  

“cluster B”.  Although C1 and C2 form also a cluster of two members, the proximity within 

them is lower than that between countries of cluster A.  

Finally, we define a grand cluster that contains all the rest of the countries (from C3 to 

C10) as “cluster C”.  Figure 3a shows how this circular spatial structure looks like.  

 

 

Fig. 3 Circular structure with clustered countries 

 

 

We then proceed to shift the position of the grand cluster C: from being closer to coalition 

A to being closer to coalition B.  We do so by moving the grand coalition by four positions 

each time (4𝑥) in two separate moments until reaching the spatial structure represented in 
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Figure 3c.  Table 4 shows the results of a coalition stability and global payoff for the three 

spatial structures with clustered countries presented in Figure 3.  

 

Table 4. Coalition stability and CGI for spatial structures with clustered countries
 a/

     

 

Size of 

stable 

coalitions 

(s*) 

Number of 

stable 

coalitions 

(𝑀 = 4095) 

Global biodiversity 

under best coalition 

(number of 

protected species 

and CGI
M

 in %) 

Global payoff 

under best 

coalition 

(absolute value 

and CGI
V
 in %) 

Remarks 

Spatial 
structure (3a) 

2 65 

0.92 

 

CGI
M

 =10.1 

12.99 

 

CGI
V
 =11.1 

All possible coalitions of two 
members are stable except for 
one coalition: C2-C8.   

Of all the stable coalitions, 
four have the best payoff: C4-
C5, C5-C6, C6-C7, C9-10.  

Spatial 
structure (3b) 

2 66 

0.92 

 

CGI
M

 =10.1 

12.95 

 

CGI
V
 =11.6 

All possible coalitions of two 
members are stable.  

Of all stable coalitions, the 
one with the highest payoff is 
C6-C7.  

Spatial 
structure (3c) 

2 66 

0.92 

 

CGI
M

 =10.1 

12.98 

 

CGI
V
 =11.5 

All possible coalitions of two 
members are stable.  

Of all stable coalitions, there 
are two with the highest 
payoff: C4-C5 and C6-C7.  

a/ Only one parameter is changed at a time.  All cases are to be compared with the base model in Table 1. The values of the parameter 𝜔𝑖,𝑗 

are those showed in the weighted distance parameter matrix for equidistant countries in Table III, IV and V of the Appendix.   

 

Table 4 shows that the maximum size of a stable coalition for all structures is 𝑠∗ = 2.  

Only for the spatial structure in (3a) not all coalitions of two members are stable: coalition 

C2-C8 is internally unstable.  In this scenario the reduction of conservation levels from the 

singletons due to the leakage effect offsets the gains from cooperation.  

In all structures, the coalition with the best payoff is located within the grand cluster C.  

The largest gains from cooperation under the best coalition of two countries are achieved 

under the spatial structure in Figure 3b: 11.6% of the potential gains from the scenario of full 

cooperation can be reaped when a coalition of two countries is formed.  Yet, the highest 

global payoff in absolute terms for a best coalition is obtained in the spatial structure (3a).   



 23 

In order to get a more general understanding of the role of location for coalition formation, 

we construct an index of proximity between any two sets of players.  For instance, to calculate 

the distance between cluster A and cluster C in the spatial structure in Figure 3a, we define an 

index of proximity Ω𝐴,𝐶 among both clusters that is measured by the distance weight 

parameter matrix:  

Ω𝐴,𝐶 = ∑ ∑ 𝜔𝑖,𝑗𝑗𝑒𝐶𝑖𝑒𝐴  ,    (12) 

where 𝐴 and 𝐶 are the sets countries in clusters A and C, respectively.   

We define an analogous index for cluster B and C, denoted as Ω𝐵,𝐶.  According to the 

values of the distance weight parameter matrix for this structure (see Table III of the 

Appendix) we obtain Ω𝐴,𝐶 = 6.40 and Ω𝐵,𝐶 = 2.  The index is higher for cluster A than for 

cluster B: the larger the distance between two clusters in terms of species intersection (SID), 

the smaller its index of proximity.  

We perform a sensitivity analysis where we modified the position of the grand cluster C 

throughout the circumference of the circle to see its effect on global payoff for three coalitions 

of two members.  The three coalitions of two members that we consider are: the coalition 

composed of countries of cluster A (i.e. C11-C12), ii) the coalition composed of countries of 

cluster B (i.e. C1-C2), and iii) the coalition with the best payoff for each spatial structure in 

Figure 3.  Figure 4 shows the results of this comparison.  
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Fig. 4 Global payoff of three different coalitions of two members for different values of the 

index of proximity  

 

As the grand cluster C moves to the right, the index of proximity between cluster A and C 

decreases from Ω𝐴,𝐶 = 6.4 to Ω𝐴,𝐶 = 2.  Conversely, with the same movement, the index of 

proximity between clusters increases from Ω𝐵,𝐶 = 2 to Ω𝐵,𝐶 = 6.08.  Note that the maximum 

value of Ω𝐵,𝐶 is lower than the maximum value of Ω𝐴,𝐶.  The SID among countries in cluster 

A is smaller than the SID among countries in cluster B.  For this reason global payoffs are 

higher if cluster C is close to A compared to when it is equally close to B.  Benefits from 

conservation spillovers are higher when coalition members are closer to each other.  We 

conclude that proximity of countries, not only between different clusters, but also among 

members within a cluster, increases overall welfare.   

 

5. Conclusions 

Our study introduces spatial structure on the design of an IEA for biodiversity conservation.  

We analyse the role of distance between and location of countries in a circular spatial 
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structure to explain cooperation among neighbouring countries.  We also introduce a distance 

measurement defined as “species intersection distance” which weights the distance among 

countries with respect to their set of shared species on their regional benefits of conservation.  

We derive some results that will present below.  

For the scenario with equidistant countries, the maximum size of a stable coalition is 

𝑠∗ = 2.  All possible coalitions of two members that can be formed are stable but only those 

formed by two neighbouring countries have the best payoff.  These results are robust for all 

parameter changes that we perform for this scenario.  The largest potential gains from 

cooperation, namely 11.8% from the gains of the scenario under full cooperation, are obtained 

when the cost parameter is lower than in the base model (when 𝑐 = 0.9).  Alternatively, the 

largest potential gains from conservation are obtained when i) the local benefit parameter (𝜆) 

increases with respect to the base model, and when ii) the number of species protected at no 

cost (𝑎) increases as well: for both separate parameter changes the 𝐶𝐺𝐼𝐺 is equal to 11.8%.  

The scenario with increasing distances among countries show robustness in the results: 

stable coalitions have a maximum size of two members, all 66 possible coalitions are stable, 

and those with the best payoff are coalitions composed of two neighbouring countries.  There 

is only one exception: when the parameter of regional benefits of biodiversity conservation 

increases in 50% up to 𝜌 = 0.075, only 48 out of the 66 possible coalitions of two members 

are stable.  The violation of the internal stability of the remaining 18 coalitions is caused by a 

leakage effect: when singletons reduce their conservation due to the positive spillovers they 

get from coalition formation, they offset any potential gains from cooperation that signatories 

perceive.  Therefore, members of the coalition have an incentive to deviate.  Higher regional 

benefits from conservation interfere with coalition stability, in particular for coalitions 

composed of countries with a large SID among them.  Not even the inclusion of a transfer 

scheme can stabilize these coalitions: since both members of such coalition are worse off in 
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terms of payoff with respect to the singletons case, no transfer can take place between them to 

improve their condition.       

For a scenario with clustered countries, we constructed an index of proximity to 

characterise a spatial structure with clusters embedded in the circumference of the circle.  We 

assess the impact of proximity of a cluster to other countries on the overall payoff of two-

player coalitions.  Again we find that the global payoff of a stable coalition is highest when 

members are close to each other and close to all other players.  The reason is that spillovers 

from conservation are higher the closer the countries are to each other. 

We have determined that both the position and the proximity of a country with respect to 

other countries in a spatial structure has an impact on its global payoff and therefore, on the 

overall welfare from cooperation.  In a setting where the inclusion of a transfer scheme does 

not improve the size and number of stable coalitions, we consider important to further 

investigate the role of regional benefits of conservation in the formation of biodiversity 

agreements.   

Further research is needed to study combined effects of asymmetries in costs and benefits 

of conservation, species endowment  and location.  In such settings transfers can play a 

significant role in stabilising larger coalitions.  
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Appendix  

Weighted distance parameter matrices for the different spatial structures 

For all scenarios we assume 𝑛 = 12.  We then assume that the weighted distance parameter 

between any country 𝑖 and itself is 𝜔𝑖,𝑖 = 0.  Also, we consider plausible to assume that the 

set of common species between any two countries will never be zero, 𝐷𝑖∩𝑗 ≠ 0, because any 

two countries share at least one species in common.  The larger the size of the set of common 

species, the shorter the SID; and therefore the higher the value of the 𝜔𝑖,𝑗.  For simplicity of 

the model, we assume that the values of the distance weight parameter for all three scenarios 

are between zero and one, i.e. 0 ≤ 𝜔𝑖,𝑗 ≤ 1.   

 

Table I. Weighted distance parameter matrix for equidistant countries
 a/

  

 
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 

C1 0 0.6 0.5 0.4 0.3 0.2 0.1 0.2 0.3 0.4 0.5 0.6 

C2 0.6 0 0.6 0.5 0.4 0.3 0.2 0.1 0.2 0.3 0.4 0.5 

C3 0.5 0.6 0 0.6 0.5 0.4 0.3 0.2 0.1 0.2 0.3 0.4 

C4 0.4 0.5 0.6 0 0.6 0.5 0.4 0.3 0.2 0.1 0.2 0.3 

C5 0.3 0.4 0.5 0.6 0 0.6 0.5 0.4 0.3 0.2 0.1 0.2 

C6 0.2 0.3 0.4 0.5 0.6 0 0.6 0.5 0.4 0.3 0.2 0.1 

C7 0.1 0.2 0.3 0.4 0.5 0.6 0 0.6 0.5 0.4 0.3 0.2 

C8 0.2 0.1 0.2 0.3 0.4 0.5 0.6 0 0.6 0.5 0.4 0.3 

C9 0.3 0.2 0.1 0.2 0.3 0.4 0.5 0.6 0 0.6 0.5 0.4 

C10 0.4 0.3 0.2 0.1 0.2 0.3 0.4 0.5 0.6 0 0.6 0.5 

C11 0.5 0.4 0.3 0.2 0.1 0.2 0.3 0.4 0.5 0.6 0 0.6 

C12 0.6 0.5 0.4 0.3 0.2 0.1 0.2 0.3 0.4 0.5 0.6 0 

a/ Countries are equidistant; i.e. the distance between any two neighbours is equal.   

 

Table II. Weighted distance parameter matrix for increasing distances among countries
 a/

  

 
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 

C1 0 0.84 0.60 0.40 0.24 0.12 0.04 0.12 0.24 0.40 0.60 0.84 

C2 0.84 0 0.84 0.60 0.40 0.24 0.12 0.04 0.12 0.24 0.40 0.60 

C3 0.60 0.84 0 0.84 0.60 0.40 0.24 0.12 0.04 0.12 0.24 0.40 

C4 0.40 0.60 0.84 0 0.84 0.60 0.40 0.24 0.12 0.04 0.12 0.24 

C5 0.24 0.40 0.60 0.84 0 0.84 0.60 0.40 0.24 0.12 0.04 0.12 

C6 0.12 0.24 0.40 0.60 0.84 0 0.84 0.60 0.40 0.24 0.12 0.04 
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C7 0.04 0.12 0.24 0.40 0.60 0.84 0 0.84 0.60 0.40 0.24 0.12 

C8 0.12 0.04 0.12 0.24 0.40 0.60 0.84 0 0.84 0.60 0.40 0.24 

C9 0.24 0.12 0.04 0.12 0.24 0.40 0.60 0.84 0 0.84 0.60 0.40 

C10 0.40 0.24 0.12 0.04 0.12 0.24 0.40 0.60 0.84 0 0.84 0.60 

C11 0.60 0.40 0.24 0.12 0.04 0.12 0.24 0.40 0.60 0.84 0 0.84 

C12 0.84 0.60 0.40 0.24 0.12 0.04 0.12 0.24 0.40 0.60 0.84 0 

a/ Distances among countries increase as we move throughout the circumference of the circular structure, until reaching the furthest possible 

country.    

 

Table III. Weighted distance parameter matrix for clustered countries: spatial structure (3a)
  

 
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 

C1 0 0.60 0.16 0.12 0.08 0.04 0.08 0.12 0.16 0.20 0.32 0.36 

C2 0.60 0 0.24 0.20 0.16 0.12 0.08 0.04 0.08 0.12 0.24 0.28 

C3 0.16 0.24 0 0.64 0.60 0.56 0.52 0.48 0.44 0.40 0.28 0.24 

C4 0.12 0.20 0.64 0 0.64 0.60 0.56 0.52 0.48 0.44 0.32 0.28 

C5 0.08 0.16 0.60 0.64 0 0.64 0.60 0.56 0.52 0.48 0.36 0.32 

C6 0.04 0.12 0.56 0.60 0.64 0 0.64 0.60 0.56 0.52 0.40 0.36 

C7 0.08 0.08 0.52 0.56 0.60 0.64 0 0.64 0.60 0.56 0.44 0.40 

C8 0.12 0.04 0.48 0.52 0.56 0.60 0.64 0 0.64 0.60 0.48 0.44 

C9 0.16 0.08 0.44 0.48 0.52 0.56 0.60 0.64 0 0.64 0.52 0.48 

C10 0.20 0.12 0.40 0.44 0.48 0.52 0.56 0.60 0.64 0 0.56 0.52 

C11 0.32 0.24 0.28 0.32 0.36 0.40 0.44 0.48 0.52 0.56 0 0.64 

C12 0.36 0.28 0.24 0.28 0.32 0.36 0.40 0.44 0.48 0.52 0.64 0 

 

Table IV. Weighted distance parameter matrix for clustered countries: spatial structure (3b)
  

 
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 

C1 0 0.60 0.32 0.28 0.24 0.20 0.16 0.12 0.08 0.04 0.32 0.36 

C2 0.60 0 0.40 0.36 0.32 0.28 0.24 0.20 0.16 0.12 0.24 0.28 

C3 0.32 0.40 0 0.64 0.60 0.56 0.52 0.48 0.44 0.40 0.12 0.08 

C4 0.28 0.36 0.64 0 0.64 0.60 0.56 0.52 0.48 0.44 0.16 0.12 

C5 0.24 0.32 0.60 0.64 0 0.64 0.60 0.56 0.52 0.48 0.20 0.16 

C6 0.20 0.28 0.56 0.60 0.64 0 0.64 0.60 0.56 0.52 0.24 0.20 

C7 0.16 0.24 0.52 0.56 0.60 0.64 0 0.64 0.60 0.56 0.28 0.24 

C8 0.12 0.20 0.48 0.52 0.56 0.60 0.64 0 0.64 0.60 0.32 0.28 

C9 0.08 0.16 0.44 0.48 0.52 0.56 0.60 0.64 0 0.64 0.36 0.32 

C10 0.04 0.12 0.40 0.44 0.48 0.52 0.56 0.60 0.64 0 0.40 0.36 

C11 0.32 0.24 0.12 0.16 0.20 0.24 0.28 0.32 0.36 0.40 0 0.64 

C12 0.36 0.28 0.08 0.12 0.16 0.20 0.24 0.28 0.32 0.36 0.64 0 
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Table V. Weighted distance parameter matrix for clustered countries: spatial structure (3c)
 

 
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 

C1 0 0.60 0.48 0.44 0.40 0.36 0.32 0.28 0.24 0.20 0.32 0.36 

C2 0.60 0 0.56 0.52 0.48 0.44 0.40 0.36 0.32 0.28 0.24 0.28 

C3 0.48 0.56 0 0.64 0.60 0.56 0.52 0.48 0.44 0.40 0.12 0.16 

C4 0.44 0.52 0.64 0 0.64 0.60 0.56 0.52 0.48 0.44 0.08 0.12 

C5 0.40 0.48 0.60 0.64 0 0.64 0.60 0.56 0.52 0.48 0.04 0.08 

C6 0.36 0.44 0.56 0.60 0.64 0 0.64 0.60 0.56 0.52 0.08 0.04 

C7 0.32 0.40 0.52 0.56 0.60 0.64 0 0.64 0.60 0.56 0.12 0.08 

C8 0.28 0.36 0.48 0.52 0.56 0.60 0.64 0 0.64 0.60 0.16 0.12 

C9 0.24 0.32 0.44 0.48 0.52 0.56 0.60 0.64 0 0.64 0.20 0.16 

C10 0.20 0.28 0.40 0.44 0.48 0.52 0.56 0.60 0.64 0 0.24 0.20 

C11 0.32 0.24 0.12 0.08 0.04 0.08 0.12 0.16 0.20 0.24 0 0.64 

C12 0.36 0.28 0.16 0.12 0.08 0.04 0.08 0.12 0.16 0.20 0.64 0 
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