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Abstract 3 

Adventitious presence plays a prominent role in the debate over coexistence of Genetically Modified 4 

Organisms (GMOs) and conventional organisms. There are several ways to address this externality 5 

and one of them is the formation of GM free or GM only clubs. We model the decisions of individual 6 

farmers to cultivate either GM crops or conventional crops and combine this with a game theoretic 7 

model of club formation to investigate whether the formation of such clubs is feasible. We consider 8 

two liability regimes, one where the GM farmers are liable and one where conventional farmers are 9 

liable, in the absence of further regulations. We find that clubs are feasible but that the number of 10 

liable farmers willing to join such a club is limited to two. Moreover clubs are more likely to form 11 

under a regime where conventional farmers are liable than under a regime where GM farmers are 12 

liable. 13 
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Introduction 15 

The cultivation of genetically modified (GM) crops is a hotly debated issue. Proponents claim that GM 16 

crops increase yields and reduce environmental pressure, and will play an important role in solving 17 

food crises throughout the world (e.g. www.monsanto.com). Opponents on the other hand claim 18 

that GM food introduces large health and environmental risks, and that we should continue plant  19 
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breeding as we have always done, in certain cases even switch to organic agriculture (e.g. 20 

www.greenpeace.org). 21 

Policy makers have responded differently to these claims in different parts of the world. In the 22 

European Union GM crops are recognized as a special type of food and a special law framework has 23 

been introduced.  In 2001 Directive 2001/18/EC "on the deliberate release into the environment of 24 

genetically modified organisms" was established (European Commission, 2001) and this was followed 25 

in 2003 by the Regulation (EC) 1829/2003 on genetically modified food and feed (European 26 

Commission, 2003). These rules lay-out a detailed assessment framework that has to be followed if 27 

GM crops are to be approved in the EU, and more detailed rules to prevent the mixing and cross 28 

fertilization of GM crops with conventional crops. Crops have to be approved by the European Food 29 

Safety Authority before they can be cultivated. Moreover, countries within the EU can enact local 30 

laws with additional constraints on GM cultivation. 31 

In the US GM crops are regulated by three agencies: the US department of Agriculture's Animal and 32 

Plant Health Inspection Service regulates trials, the Environmental Protection Agency grants permits 33 

relating to certain pesticides produced within GM crops. Finally the Food and Drug Administration 34 

has to approve a crop before it can be marketed (Sheldon, 2002). 35 

In the EU and the US, as well as many other states and regions of the world, there is an increasing call 36 

to guarantee consumers of agricultural products their freedom of choice, i.e. to make sure that 37 

consumers can differentiate between products produced with and without GM crops through 38 

labeling (see e.g.  Gruère & Rao, 2007). To be able to trace these different crops, however, they have 39 

to be separated throughout the supply chain, and this separation starts at the farm level. Moreover, 40 

it is generally agreed that consumers are willing to pay a price-premium for non-GM products, 41 

although its height is debated (Scatasta, Wesseler, & Hobbs, 2007).Clearly, if farmers are able to 42 

capture a part of this premium, they have an incentive to separate their crops. Cultivating GM crops, 43 

in contrast, often provides a cost or yield advantage (Qaim, 2009). 44 

http://www.greenpeace.org/


A problem however, is that GM crops can accidentally cross-over with nearby conventional varieties. 45 

If these fields are owned by different farmers, the GM farmer has an external effect on his 46 

conventional neighbor because the neighbor may no longer be able to capture the price premium. 47 

Who is liable for the damage done is an issue that has not been settled. 48 

The liability issue is basically an issue of property rights: either the GM farmer has the right to grow 49 

GM crops, or the conventional or organic farmer has the right to GM free crops. The spatial 50 

incentives of adventitious presence of GM crops in conventional crops associated with different 51 

liability regimes, i.e. property rights, have been investigated by Beckmann and Wesseler (2007). They 52 

found that the boundary between choosing one crop type or another shifts depending on the 53 

division of property rights between GM and non-GM farmers. Beckmann and Wesseler do consider a 54 

number of technical measures to reduce the damage, such as fencing. They do not, however, 55 

consider explicit spatial measures, such as the formation of clubs.  56 

The formation of organic clubs has been investigated by Furtan et al. (2007). In their model organic 57 

farmers form a club, which makes a binding agreement to cultivate organic crops only. Furthermore 58 

the club establishes a buffer zone of conventional farmers around their land. These conventional 59 

farmers are compensated by the organic club for the losses they incur, because they can neither 60 

grow GM crops nor cultivate organic crops. Furtan et al. (2007) find that such clubs are feasible. They 61 

do not, however, consider the individual incentives of farmers to cultivate one crop type or the 62 

other, and how these are affected by their location. 63 

Individual farmer’s cultivation choices depending on their location has been investigated by among 64 

others  Demont et al. (2008), Ambec et al.(2011) and Groeneveld et al. (2011).   Demont et al. (2008) 65 

and Groeneveld et al. (2011) studied the incentives associated with a minimum distance requirement 66 

between GMO and non-GMO cultivation in the dairy industry and oil seed rape cultivation, 67 

respectively. They both found that minimum distance requirements had a domino-effect, causing 68 

farmers to switch to other crop types because of the minimum distance requirement, although the 69 



effect was less severe in the dairy industry than in oilseed rape cultivation.  Ambec et al. (2011) 70 

studied the effect of neighbours’ crop choice on the crop choice of individual farmers, and the 71 

resulting landscape patterns. They derived a number of general rules and stable configurations.  72 

In this paper we build on the previous models and investigate the possibility of forming a GMO or 73 

GMO free club in the landscape. We will consider the individual incentives of farmers to join or leave 74 

such a club, depending on their neighbours’ crop choices. We will use concepts that are often used in 75 

the literature on international environmental agreements on climate change (e.g. Weikard, 2009) or 76 

more recently fisheries agreements (Pintassilgo, Finus, Lindroos, & Munro, 2010). The novel 77 

contribution of this paper is the explicit consideration of individual incentives to join a club based on 78 

the choices of the other farmers in the area. 79 

A model of farm decisions 80 

Consider the choices of an individual farmer. He can choose between cultivating a GM crop or a 81 

conventional one. We will assume that the conventional crop commands a price premium over the  82 

GM crop, whereas the GM crop is cheaper to produce. The price farmer i of a GM crop can claim 83 

given the quality of his crop is  pi
G and the price of conventional crops is pi

C.. We normalize the cost of 84 

producing GM crops to zero, whereas the costs of producing conventional crops differ between 85 

farmers. 86 

 In the absence of adventitious presence an individual farmer i will then produce conventional crops 87 

if per unit of production: 88 

 𝑝𝑖𝐶 − 𝑐𝑖 > 𝑝𝑖𝐺 , (1) 

with ci the individual cost of producing conventional crops. If conventional crop cultivation costs are 89 

equal across farmers, there would be no externality effect because either all farmers plant GM crops 90 

or all farmers plant conventional crops.  91 



Assume for a moment that GM farmers are not liable for adventitious presence. If neighbouring 92 

farms or farms at a given distance of a conventional farmer produce GM crops part of his harvest 93 

may have to be sold as GM crops. We denote the probability that farmer i gets affected by farmer j 94 

as 𝛼𝑖𝑗 . Equivalently, we can think  𝛼𝑖𝑗  as the proportion of harvest of farmer i that gets polluted 95 

because farmer j produces GM crops. In principle 𝛼𝑖𝑗  can be influenced by technical measures and is 96 

distance dependent. Note that 𝛼𝑖𝑗 = 0 if i is a GM farmer or j is a conventional farmer.  Given the set 97 

of all farmers F, the probability that farmer i does not get polluted is: 98 

 𝐴𝑖 = � �1 − 𝛼𝑖𝑗�
𝑗∈𝐹,𝑖≠𝑗

 ∀𝑖 ∈ 𝐹. (2) 

Therefore the expected profit of a conventional farmer per unit of production is: 99 

 𝜋𝑖𝐶 = 𝐴𝑖𝑝𝑖𝐶 + (1 − 𝐴𝑖)𝑝𝑖𝐺 − 𝑐𝑖 . (3) 

In the presence of adventitious presence a farmer will therefore choose for conventional crops if: 100 

 𝐴𝑖�𝑝𝑖𝐶 − 𝑝𝑖𝐺� + 𝑝𝑖𝐺 − 𝑐𝑖 > 𝑝𝑖𝐺 ⇔ 𝐴𝑖�𝑝𝑖𝐶 − 𝑝𝑖𝐺� > 𝑐𝑖 . (4) 

 101 

Alternatively, assume that the GM farmers are liable for adventitious presence. In that case they 102 

have to compensate all the conventional farmers that they pollute for the incurred loss, i.e. 103 

�𝑝𝑖𝐶 − 𝑐𝑖 − 𝑝𝑖𝐺�. Given the set of all farmers F, the probability that farmer j pollutes conventional 104 

farmer i is again 𝛼𝑖𝑗. Then the expected compensation that GM farmer j has to pay is: 105 

 �𝛼𝑖𝑗�𝑝𝑖𝐶 − 𝑐𝑖 − 𝑝𝑖𝐺�
𝑖∈𝐹

 (5) 

 106 

In that case the expected profit of a GM farmer j per unit of production is: 107 



 𝜋𝑗𝐺 = 𝑝𝑗𝐺 −�𝛼𝑖𝑗�𝑝𝑖𝐶 − 𝑐𝑖 − 𝑝𝑖𝐺�
𝑖∈𝐹

 (6) 

 108 

Consequently a GM farmer j will continue to cultivate GM crops as long as: 109 

 𝑝𝑗𝐺 −�𝛼𝑖𝑗�𝑝𝑖𝐶 − 𝑐𝑖 − 𝑝𝑖𝐺� > 𝑝𝑗𝐶 − 𝑐𝑗
𝑖∈𝐹

 (7) 

 110 

The formation of clubs 111 

Depending on who bears the liability a number of conventional farmers may switch to GM crops, 112 

because of the adventitious presence, or a number of GM farmers may switch to conventional crops 113 

because the required compensation is too high. The choices of farmers depend on the price 114 

difference between conventional and GM crops, the individual costs of cultivating conventional crops 115 

and the probability of adventitious presence.  116 

If conventional farmers are liable a number of them may form a club, pool their profits and 117 

compensate a number of GM farmers to switch to conventional farming. This will increase their 118 

profits because it lowers the probability that their harvests get spoiled. However, it also increases the 119 

profits of the conventional farmers outside the club. Thus there is an incentive to free-ride. 120 

Similarly, if GM farmers are liable they may form a club, pool their profits, and compensate a number 121 

of conventional farmers to switch to GM completely. This reduces the compensation to be paid, but 122 

again this holds for both GM farmers inside and outside the club, with possible free-riding effects. 123 

To investigate the possibility of club formation further we use game theory. The situation above 124 

describes a game where the farmers are the players. Each player has a set of strategies: he can 125 

choose to either plant GM or conventional crops. Each player maximizes its payoff given the strategy 126 

choices of other players. Let us assume that a single club can be formed among the players. The club 127 



is formed by the liable farmers because they generally have the largest incentive to form a club. We 128 

define a partition function that assigns a payoff to every player outside the club as well as to the club 129 

as a whole. A coalitional Nash equilibrium is then a situation in which no player (or club) can gain by 130 

deviating from his strategy individually, i.e. all farmers outside the club have chosen either GM or 131 

conventional crops and cannot gain individually by switching to the other crop type. 132 

The stability of a club is investigated with cartel stability concepts originally derived by D’Apremont 133 

et al. (1983). A club is internally stable if no player in the club can gain by leaving the club. Similarly a 134 

club is externally stable if no player outside the club can gain by joining the club. Clearly internal and 135 

external stability depend on the sharing rule used within the club. We do not specify an explicit 136 

sharing rule but use the Claim Rights Condition and Potential Internal Stability (Eyckmans & Finus, 137 

2005; Weikard, 2009).  A club is potentially internally stable if each player can be paid at least the 138 

amount he would get if he leaves the club (its claim). The remaining surplus can then be shared in 139 

any other way. Moreover, a club is externally stable if it cannot be enlarged to another potentially 140 

internally stable club (Weikard, 2009). 141 

   142 

Stability of conventional clubs 143 

We divide the set of farmers F into two subsets: those farmers that in the situation without clubs 144 

cultivate GM crops: FG, and those that cultivate conventional crops: FC. In Nash equilibrium no farmer 145 

has an incentive to deviate from his choice given the choice of others. In that case we have: 146 

 
𝐴𝑖�𝑝𝑖𝐶 − 𝑝𝑖𝐺� > 𝑐𝑖 ∀𝑖 ∈ 𝐹𝐶

𝐴𝑗�𝑝𝑗𝐶 − 𝑝𝑗𝐺� < 𝑐𝑗 ∀𝑗 ∈ 𝐹𝐺
 (8) 

Furthermore all conventional farmers earn 𝜋𝑖𝐶  as specified in (3) and all GM farmers earn pj
G. If a 147 

number of conventional farmers form a club S, pool their profits, and convince a number of GM 148 

farmers to join them in conventional farming the club earns: 149 



 𝜋𝑆 = � �𝐴𝑖∗�𝑝𝑖𝐶 − 𝑝𝑖𝐺� + 𝑝𝑖𝐺 − 𝑐𝑖� − 𝑐𝑝
𝑖∈𝑆∩𝐹𝐶

+ � �𝐴𝑗∗�𝑝𝑗𝐶 − 𝑝𝑗𝐺� + 𝑝𝑗𝐺 − 𝑐𝑗�
𝑗∈𝑆∩𝐹𝐺

+ 𝑐𝑝 (9) 

with cp the internally paid compensation payments. Note that Ai
* and Aj*are different from those in 150 

(8) because a number of GM farmers have switched to conventional farming. As more GM farmers 151 

join club S, Ai
* gets larger, because there is less adventitious presence and the conventional farmers 152 

make more profit. Eventually if all GM farmers join the club, adventitious presence is no longer 153 

present. 154 

The stability of club S depends on the outside option payoffs. The outside option payoff of the former 155 

GM farmers is pj
G. The outside option payoff of the conventional farmers is the payoff they get if a 156 

club is formed with the same number of former GM farmers, but without them. The decision of a 157 

conventional farmer to leave club S does not affect his own Ai
*, nor the Ai

* of other farmers. This has 158 

an important implication: the claim of each conventional farmer is exactly his contribution to the 159 

pool of profits because if the same club forms without him his payoff is the same. This means that 160 

there are no stable clubs because if all claims of conventional farmers are satisfied, there is no 161 

surplus left to compensate the former GM farmers. There is one important exception: a club of two 162 

conventional and one or more former GM farmers can be stable, because splitting it up means the 163 

end of the club and that affects the payoff of the leaving conventional farmer2. This does not imply, 164 

however, that such a club has to be stable. 165 

As an example, consider the case where two conventional farmers form a club to convince n of N 166 

original GM farmers to cultivate conventional crops. Furthermore assume that  𝛼𝑖𝑗 , pj
C and pi

G are the 167 

same across farmers and that all farmers 𝑖 ∈ 𝐹𝐶  face the same cost ci and that all farmers 𝑗 ∈ 𝐹𝐺 face 168 

the same cost cj. The gains for the conventional farmers in the club relative to being without a club 169 

are then: 170 

                                                           
2 One could argue that if a conventional farmer leaves this club, a club is formed consisting of one conventional 
farmer and a number of former GM farmers. However, that would be a different kind of club, because it is not 
originally formed by conventional farmers. Such a situation is in fact compensation rather than club formation. 



 2 ��1 − 𝛼𝑖𝑗�
𝑁−𝑛 − �1 − 𝛼𝑖𝑗�

𝑁� (𝑝𝐶−𝑝𝐺) (10) 

The n former GM farmers in the club have to be compensated for their loss relative to GM farming. 171 

Their losses are in total: 172 

 𝑛 �𝑐𝑗 − �1 − 𝛼𝑖𝑗�
𝑁−𝑛(𝑝𝐶 − 𝑝𝐺)� (11) 

Therefore, such a coalition can only be potentially internally stable if: 173 

 
2 ��1 − 𝛼𝑖𝑗�

𝑁−𝑛 − �1 − 𝛼𝑖𝑗�
𝑁� (𝑝𝐶−𝑝𝐺) − �𝑛 �𝑐𝑗 − �1 − 𝛼𝑖𝑗�

𝑁−𝑛(𝑝𝐶 − 𝑝𝐺)�� > 0 ⇔

�(𝑛 + 2)�1 − 𝛼𝑖𝑗�
𝑁−𝑛 − 2�1 − 𝛼𝑖𝑗�

𝑁� (𝑝𝐶−𝑝𝐺) − 𝑛𝑐𝑗 > 0
 (12) 

i.e. for sufficiently low values of n, cj, and 𝛼𝑖𝑗  (except when N-n=0), as well as a large gap between pC 174 

and pG. 175 

  176 

 Stability of GM clubs 177 

If the GM farmers are liable the payoff functions of the farmers change. Farmers are now in general 178 

more likely to switch to conventional crops because GM crops come at an increased cost. In Nash 179 

equilibrium the following holds: 180 

 

𝑝𝑖𝐶 − 𝑐𝑖 > 𝑝𝑖𝐺 − � 𝛼𝑘𝑖�𝑝𝑘𝐶 − 𝑐𝑘 − 𝑝𝑘𝐺�
𝑘∈𝐹𝐶\𝑖

 ∀𝑖 ∈ 𝐹𝐶

𝑝𝑗𝐺 − � 𝛼𝑖𝑗�𝑝𝑖𝐶 − 𝑐𝑖 − 𝑝𝑖𝐺�
𝑖∈𝐹𝐶

> 𝑝𝑗𝐶 − 𝑐𝑗 ∀𝑗 ∈ 𝐹𝐺
 (13) 

Furthermore all conventional farmers earn pi
C

 - ci and all GM farmers earn 𝜋𝑗𝐺as specified in (6). If a 181 

club T of GM farmers and conventional farmers is formed and they pool their profits the club earns: 182 



𝜋𝑇 = � � �𝑝𝑖𝐺 − � 𝛼𝑘𝑖�𝑝𝑘𝐶 − 𝑐𝑘 − 𝑝𝑘𝐺�
𝑘∈𝐹𝐶\(𝑖∈𝑇)

�
𝑖∈𝑇∩𝐹𝐶

+ 𝑐𝑝�

+ � � �𝑝𝑗𝐺 − � 𝛼𝑘𝑖�𝑝𝑘𝐶 − 𝑐𝑘 − 𝑝𝑘𝐺�
𝑘∈𝐹𝐶\(𝑖∈𝑇)

� − 𝑐𝑝
𝑗∈𝑇∩𝐹𝐺

� 

(14) 

As more conventional farmers join the GM club, the compensation to be paid decreases and the 183 

profits of GM farmers goes up. When all conventional farmers have joined the club there is no need 184 

to pay compensation. 185 

The internal stability of T, however, suffers from the same problems as the club of conventional 186 

farmers: the claim of a GM farmer to the profits of a club is the same amount as he brings into the 187 

club, because if the same club is formed without him his profit is unaffected. Therefore no club is 188 

stable except a club of two GM farmers and one or more former conventional farmers. 189 

Using the same simplification as before as an example, looking at a club of two GM farmers trying to 190 

convince d out of D conventional farmers, we find that the gains of the GM farmers in the club, 191 

relative to their gains outside the club are: 192 

 2𝛼𝑖𝑗𝑑(𝑝𝐶 − 𝑝𝐺 − 𝑐𝑖) (15) 

The d conventional farmers still have to be compensated for their losses as they make less money 193 

when cultivating GM crops. Their losses are in total: 194 

 𝑑 �𝑝𝐶 − 𝑐𝑖 − �𝑝𝐺 − (𝐷 − 𝑑)𝛼𝑖𝑗(𝑝𝐶 − 𝑝𝐺 − 𝑐𝑖)�� (16) 

Therefore, such a coalition can only be potentially internally stable if: 195 

 
2𝛼𝑖𝑗𝑑(𝑝𝐶 − 𝑝𝐺 − 𝑐𝑖) − 𝑑 �𝑝𝐶 − 𝑐𝑖 − �𝑝𝐺 − (𝐷 − 𝑑)𝛼𝑖𝑗(𝑝𝐶 − 𝑝𝐺 − 𝑐𝑖)�� > 0

⇔ 𝑑(𝑝𝐶 − 𝑐𝑖 − 𝑝𝐺) �(𝑑 − 𝐷 + 2)𝛼𝑖𝑗 − 1� > 0 

(17) 



This can only hold for 𝛼𝑖𝑗 > 1
2
 because the first term in parentheses is positive, otherwise 196 

conventional farmers would cultivate GM crops and if fewer farmers than all conventional farmers 197 

join, 𝛼𝑖𝑗 ≥ 1, meaning no interior solution. Given that (17) is positive, i.e. the last term is positive, 198 

potential internal stability increases in d, pC, and 𝛼𝑖𝑗   and decreases in D, ci and pG.  An interesting 199 

implication of (17) is that a club of two GMO farmers can in principle convince all conventional 200 

farmers to cultivate GM crops if 𝛼𝑖𝑗 > 1
2
 and GM farming is to be preferred over conventional farming 201 

for the two club members in the absence of a club. 202 

Numerical example 203 

In this section we illustrate the formation of clubs with some numerical examples. We will assume an 204 

exponential distribution for the probability of adventitious presence and a line of six farms, where 205 

farmers 1, 2 and 3 are symmetric and are in principle conventional farmers and 4, 5 and 6 are 206 

symmetric and are GM farmers. As indicated before we only have to consider clubs that consist of 207 

two conventional farmers with one, two or three GM farmers in the case of conventional clubs, 208 

because larger clubs are not stable. The reverse holds for GM clubs. That means that in both cases a 209 

total of 21 clubs can form. Parameter values are given in Table 1. Parameter values were selected 210 

such that at least a number of clubs were stable, this required two sets of parameters one for 211 

conventional (Set 1) and one for GM clubs (Set 2). The possible clubs and their stability are displayed 212 

in Table 2 and 3.   213 

As can be seen from Table 2 and 3, larger clubs are usually more stable. This is because the 214 

externality is largely removed. Moreover if a club is potentially internally stable and can be enlarged 215 

to another potentially internally stable club, the former one is externally unstable. 216 

  217 



Table 1: Parameter values example 218 

Parameter Set 1: conventional clubs Set 2: GM clubs 
PC 100 (€/tonne) 200 (€/tonne) 
pG 50 (€/tonne) 150 (€/tonne) 
c1,2,3 20 (€/tonne) 10 (€/tonne) 
c4,5,6 40 (€/tonne) 150 (€/tonne) 
αij

1 𝑒−0.8(|𝑖−𝑗|) 𝑒−0.2(|𝑖−𝑗|) 
1We give the formula used to calculate the probabilities. The full matrices are shown in the 219 

appendix. 220 

Table 2: Stability of conventional clubs 221 

Club # Club formed Club earnings 
(€) 

Total claim 
conventional 
farmers (€) 

Total claim GM 
farmers (€) 

Potential 
Internal 
Stable 

1 1,2,4 202.67 157.62 50.00 No 
2 1,2,5 188.07 157.62 50.00 No 
3 1,2,6 191.87 157.62 50.00 No 
4 1,2,4,5 324.01 157.62 100.00 Yes 
5 1,2,4,6 293.43 157.62 100.00 Yes 
6 1,2,5,6 285.37 157.62 100.00 Yes 
7 1,2,4,5,6* 360.00 157.62 150.00 Yes 
8 1,3,4 195.34 142.79 50.00 Yes 
9 1,3,5 174.83 142.79 50.00 No 
10 1,3,6 177.56 142.79 50.00 No 
11 1,3,4,5 321.51 142.79 100.00 Yes 
12 1,3,4,6 287.87 142.79 100.00 Yes 
13 1,3,5,6 273.00 142.79 100.00 Yes 
14 1,3,4,5,6* 360.00 142.79 150.00 Yes 
15 2,3,4 191.87 134.79 50.00 Yes 
16 2,3,5 168.48 134.79 50.00 No 
17 2,3,6 170.23 134.79 50.00 No 
18 2,3,4,5 321.51 134.79 100.00 Yes 
19 2,3,4,6 285.37 134.79 100.00 Yes 
20 2,3,5,6 267.44 134.79 100.00 Yes 
21 2,3,4,5,6* 360.00 134.79 150.00 Yes 
Externally stable coalitions have been marked with a * 222 

Table 2 also shows that clubs with neighbors are more likely to be internally stable than clubs with 223 

members far away, compare e.g. club 15 and 16. This is logical because the externality caused by a 224 

neighbor is more severe than that caused by someone far away  225 

  226 



Table 3: Stability of GM clubs 227 

Club # Club formed Club earnings 
(€) 

Total claim 
conventional 
farmers (€) 

Total claim 
GM farmers 
(€) 

Potential 
Internal 
Stable 

1 1,4,5 282.11 190.00 151.75 No 
2 2,4,5 285.01 190.00 151.75 No 
3 3,4,5 301.75 190.00 151.75 No 
4 1,2,4,5 480.88 380.00 151.75 No 
5 1,3,4,5 485.74 380.00 151.75 No 
6 2,3,4,5 500.51 380.00 151.75 No 
7 1,2,3,4,5* 750.00 570.00 151.75 Yes 
8 1,4,6 290.95 190.00 163.84 No 
9 2,4,6 293.13 190.00 163.84 No 
10 3,4,6 308.98 190.00 163.84 No 
11 1,2,4,6 485.74 380.00 163.84 No 
12 1,3,4,6 489.72 380.00 163.84 No 
13 2,3,4,6 503.77 380.00 163.84 No 
14 1,2,3,4,6* 750.00 570.00 163.84 Yes 
15 1,5,6 301.75 190.00 178.62 No 
16 2,5,6 303.05 190.00 178.62 No 
17 3,5,6 317.82 190.00 178.62 No 
18 1,2,5,6 491.67 380.00 178.62 No 
19 1,3,5,6 494.58 380.00 178.62 No 
20 2,3,5,6 507.75 380.00 178.62 No 
21 1,2,3,5,6* 750.00 570.00 178.62 Yes 
Externally stable coalitions have been marked with a * 228 

In our example only the club including all GM farmers or all conventional farmers are stable. The 229 

reason however, is rather different. For the parameter values of Set 1 a large number of internally 230 

stable clubs exist, all of which can be enlarged to the largest coalitions possible. For the parameters 231 

of Set 2, in contrast, the only internally stable clubs are those where the externality is completely 232 

removed. The externality in Set 2 is also more extreme, in the sense that the probability of 233 

adventitious presence is high. This finding is similar to the symmetric case explored in the analytic 234 

section. This suggests that GM clubs are difficult to form; for them to be formed the externality has 235 

to be large and has to be completely removed by the club. 236 

  237 



Discussion and Conclusions 238 

In this paper we investigated the stability of clubs that form to mitigate the externality caused by 239 

adventitious presence of GM crops under different liability regimes. Using a simple farmer decision 240 

model combined with the notions of stability that are generally used in the literature of international 241 

environmental agreements, we derived what stable clubs can be formed under different liability 242 

regimes. 243 

An important finding from our paper is that the maximum size of the club with regard to the number 244 

of liable farmers is two. The reason is that as soon as a club of two liable farmers and a number of 245 

non-liable farmers is formed, other liable farmers have no incentive to join this club, because it does 246 

not improve their payoff. A club of two liable farmers and a number of non-liable farmers can be 247 

stable, because the alternative is no club at all.  248 

Another important finding from our paper is that it is difficult to form clubs if GM producers are 249 

liable. Only if the externality is severe and it can be largely removed these clubs become stable. This 250 

means that it is more likely to find GM free zones than GM only zones. 251 

Our findings are different from those of Furtan et al. (2007). The main reason is that they only 252 

investigate whether or not the club can compensate the switching farmers, but they do not consider 253 

the outside option payoff of the liable farmers in the club. Our paper in fact adds an extra dimension 254 

to their paper: the clubs they report could form, but farmers do generally not have an incentive to 255 

stay in such clubs.  Our results also differ from those of Ambec et al. (2011): in their paper larger 256 

clubs can be stable. The reason is that our stability concept is different: we consider aggregate payoff 257 

of a club and compare it with the payoff that the members get when they leave the club, leaving the 258 

remaining club intact. Ambec et al. compare the club payoff with the situation before the club was 259 

formed, i.e. the all singletons case. Implicitly, this implies the use of sanctions because the coalition 260 

breaks apart to the singletons case if players deviate. The threat, however, is not credible as it pays 261 

for a two player coalition to form (see also Barrett, 2005). 262 



In our paper we do not consider the effects of further regulation such as minimum distance 263 

requirements. It has been shown that these regulations can affect farmer’s decisions to cultivate GM 264 

or conventional crops via the domino effect (Demont et al., 2008; Groeneveld et al., 2011). We 265 

hypothesize that these regulations would increase the incentives to form clubs, because it increases 266 

the externality.  267 

A drawback of the model we used is that we consider only the formation of a single club. In certain 268 

cases multiple clubs may form. However, we have also shown that in certain cases the externalities 269 

can be mitigated by the formation of a single club, in which case there is no reason to form multiple 270 

clubs. Moreover, it is likely that, if multiple clubs form, they address different regional externalities as 271 

it does not make sense to have multiple clubs addressing the same issue. 272 

We conclude that there is scope for the formation of clubs that will result in either GM free zones or 273 

GM only zones, depending on the liability issue, but that these clubs will usually be formed by a small 274 

number of farmers. 275 

 276 

Appendix: Probability of adventitious presence used in the simulations 277 

Table A1: Probabilities of adventitious presence used in the simulations for conventional clubs 278 

From To 1 2 3 4 5 6 

1 1      

2 0.45 1     

3 0.20 0.45 1    

4 0.09 0.20 0.45 1   

5 0.04 0.09 0.20 0.45 1  

6 0.02 0.04 0.09 0.20 0.45 1 

The matrix is symmetric and therefore only the bottom halve is displayed  279 



Table A2: Probabilities of adventitious presence used in the simulations for GM clubs 280 

From To 1 2 3 4 5 6 

1 1      

2 0.82 1     

3 0.67 0.82 1    

4 0.55 0.67 0.82 1   

5 0.45 0.55 0.67 0.82 1  

6 0.37 0.45 0.55 0.67 0.82 1 

The matrix is symmetric and therefore only the bottom halve is displayed. 281 

 282 

283 
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