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Abstract 
 
In Europe, a product is GM if it contains more than 0.9% of GM material. During harvesting, 
crops from many fields are combined to fill a silo. To avoid the risk of mixing GM and non-
GM crops it is possible to specify GM and non-GM silos or to define times for GM and non-
GM delivery at silos. A model of farmers’ variety choice, based on profit and taking into 
account transport cost and the price and cost difference between GM and non GM crops, is 
proposed to determine the consequences of these strategies for agricultural land. The delivery 
timing strategy leads to a uniform area of GM or non-GM crops depending on prices and 
weather risks. The spatial strategy leads to areas of either GM or non-GM crops around the 
corresponding collection silos. The size of these zones depends on yields, price differences 
and transport costs.  
 
Keywords: GM, co-existence, supply chain, land use 
 
1. Introduction 
 
GM implementation in Europe generated conflict between proponents and opponents of this 
technology (Levidow et al., 2000). This conflict led at first to a moratorium on GM, which 
ended in 2004, and later to the principle of coexistence between the different types of 
production. The rules for coexistence are defined in European regulations. At the farm level 
the regulations aim to avoid cross-pollination of conventional crops by GM crops (EC, 
2003a). At the food-processing industry level the aim is traceability of GM products 
throughout the supply chain (from farm to fork) (EC, 2003b) ensuring labelling of a product if 
it contains more than 0.9 % of GM material (Arvanitoyannis et al., 2006; Beckmann et al., 
2006; Jank et al., 2005). For the food industry the problem is to guarantee the level of GM 
material using PCR tests (Lüthy, 1999) and to implement risk management methods 
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identifying critical points and proposing quality control methods such as the HACCP method 
(Scipioni et al., 2005).  
For agricultural producers, coexistence generates several problems. On a farm, use of the 
same agricultural machinery, such as a seed drill or harvester, for both GM and conventional 
production, increases the risk of admixture (Jank et al., 2006). Moreover, a farmer using GM 
seed has to be sure that his fields will not contaminate any conventional production of his 
neighbours. There are two procedures to avoid this.  The first is a minimum isolation distance 
between GM and non-GM fields (Byrnes et al., 2003) because maize pollen has a short flight 
range (Della Porta et al, 2008). The second is to stagger planting dates so the flowering of 
GM and non-GM crops will not occur at the same time (Angevin et al, 2008).  
For country elevators the problem is to ensure segregation of the two products in their supply 
chain and to avoid risk of mixing GM and non GM-fields when crops are harvested.  
Concerning the first point, there are two possible management strategies (Miraglia et al., 
2004): 

• A temporal strategy where the two products are separated by the timing of collection. 
In this case, each product is delivered to the nearest collection silo to the farm, but at 
separate times. It is therefore not necessary to manage separation of the product in the 
collection silos. Besides, by concentrating the collection of a product over a short 
period of time it is possible to have sufficient material to dedicate a drying line to a 
product and to fill one or more storage bins. The inconvenience of this scenario for the 
country elevator is that the farmers can choose to deliver to a competitor who is more 
flexible when they want to harvest. This leads to a loss of volume collected and thus a 
reduced market share. 

• A spatial strategy based on a geographical grouping decided before sowing. Each 
collection silo and accompanying dryer(s) receives only one type of product. This 
leads to an independent supply chains for each product. The risk of mixing between 
GM and non-GM products is avoided. Farmers are informed about this allocation 
before sowing, so they can choose their crop type taking into account the product 
accepted by the nearest collection silo and the cost of transport to other collection 
silos. Hence, this strategy indirectly encourages farmers to choose a particular crop 
type, but it does not prevent farmers from delivering to a competitor closer to their 
farm who accepts both products. 

In order to avoid cross-pollination between GM and non-GM crops at field level one 
possibility is to create homogeneous zones for each crop. Another one is to let farmers 
manage coexistence on their own, but this could lead to an increased the risk of cross-
pollination supported by the farmer. This risk can be counteracted by the use of minimum 
isolation distances. In that case a domino-effect could occur which would lead to a decrease 
of GM production and an increasing cost of coexistence (Demont et al., 2008).  
As there are very few GM maize crops planted in Europe, and especially in France (22000 ha 
of GM maize and 3300000 ha of maize) it is not possible to evaluate how farmers would react 
to these strategies. In this paper, we propose a simulation model of farmer choice between 
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GM and non-GM crops to evaluate the consequences of different country elevators strategies 
in the landscape organisation.  
 
2. Presentation of the model  
 
The focus of the simulation model is on farmer choice between GM and non-GM crops. We 
consider that the choice between GM and non-GM crops is based on the profit from the 
adoption (or the non-adoption) of GM technology. We take into account any extra costs for 
farmers coming from the country elevator management strategies.  
The variables, which distinguish GM from non-GM crops, arise from differences in 
production costs and yields. These variables concern:  

• difference in seed prices. Studies show a difference in seed cost between GM and non-
GM in favour of non-GM partly offset by the treatment cost (Brookes, 2002).  

• the seed treatment cost. If a farmer decides to not use GM technology, he has to use 
pesticide to limit the risk that GM technology allows him to avoid.  

• the yield difference between GM and non-GM maize. GM crops have an increased 
yield compared to non-GM maize that vary from 3 to 9% according to Brookes (2002) 
and from 3 to 7.5 % as claimed by Betbesé (2006). 

The variables of importance for country elevator strategy are: 
• transport costs and the distance between the field and the silo accepting the crop.  
• the price paid to the farmer for the crop. In Europe, the price paid for non-GM crops 

will be higher as the food market rejects GM crops (Kalaitzandonakes, 2005). 
• the probability of quality loss. When maize with a high moisture content is delivered, 

the country elevator pays a lower price. Farmers are encouraged to harvest their crops 
at the lowest possible moisture content, but since country elevators impose delivery 
periods for a given crop type, it may be difficult to do this. If it is raining over this 
period there will be loss of quality for the farmer.  

 
For each field the best choice is to grow GM maize if Δp is positive and non-GM maize if Δp 
is negative: 
 
If Δp >0 then grow GM maize; otherwise grow non-GM maize 
 
Δp = profitGM – profitnonGM (1) 
Profit = Y*P *(1-loss) + Y*P*loss – Cs – Ct – Ctr*dsilo (2) 
 
Where Y is the yield of the crop in t/ha, P is the maize price in € paid by the country elevator, 
Cs the price of the seed, Ct the cost for pesticide (in €/ha), Ctr the transportation cost (in 
€/t/km) to deliver the crop to the collection silo and dsilo the distance between the field and the 
silo in km. Loss is the probability of a loss in quality if the maize is not harvested at its 
optimal date. In the case of the spatial strategy, loss=0. For a GM crop the treatment cost is 
taken as zero, the GM crop being pest-resistant. For each field in the area the model 
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maximizes profit by choosing a GM or a non-GM crop type. To evaluate the consequences of 
these variables on an area’s production we used this model on an area of 100 km2 (figure 1) 
chosen because of its substantial size, which was sufficient to take into account transport 
costs. We identified three collection silos, numbered 1-3, within the area. For each field the 
model chose between GM or non-GM maize, taking into account the field’s distance from the 
various silos. It was then possible to calculate the proportion of land cultivated in GM in the 
area concerned. 
 

Figure 1: map of the area used for the model1

1

2

3

 
 
In order to analyse the consequences for country elevators collection strategies on GM and 
non-GM maize production we focus the analysis on the variables linked to these strategies. 
For some variables, directly linked to the technology, we used values found in the literature 
(see table 1). Concerning the yield difference between GM and non-GM maize several 
authors considered that it could vary from 3 to 7.5 or 9% in favour of GM maize (Brookes, 
2002; Betbesé, 2006). Farmers seem to adopt such technology if the yield increase is higher 
than 6% (Fernandez-Cornejo and McBride, 2002). For the calculations, we used a yield 
difference of 7% in favour of GM to have a yield difference higher than 6%.  
 

                                                 
1 Map: Courtesy of the Institute for the Protection and Security of the Citizen, Joint Research Centre of the 

European Union and AUP-ONIGC - ex ONIC (Office National Interprofessionnel des céréales/French 
Interprofessional agency for cereal crops) 
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Table 1: model variables and their values 
 Variables 

distinguishing GM 
and non-GM 

Variables accounting for 
collection strategies  

Variable 
name 

Value used for 
GM 

Value used for 
non-GM 

Seed price X  Cs 223€/ha 
(Brookes, 2002) 

192 €/ha 
(Brookes, 2002) 

treatment cost X  Ct  24 €/ha 
(Brookes, 2002) 

Transportation 
cost 

 X Ctr 0.05€/t/km 0.05€/t/km 
(comité national 

du transport, 
2006) 

Harvest price X X P variable variable 
Yield X  Y 10.02 t/ha 

(Betbesé 2006) 
9.32 t/ha 

(Betbesé 2006) 
Probability of 
quality loss 

 X loss variable variable 

 
 
3. Results 
 
3.1 Consequence of the spatial collection strategy  
 
To estimate the sensitivity of the model to the various parameters we assumed that silo 1 
receives the GM crops and that silo 2 the non-GM ones (silo 3 is only used to evaluate the 
impact of transport costs and receives non GM crops). In the case of the spatial strategy, we 
focus on the influence of price differences and transport costs on the proportion of non-GM 
maize in the area. 

3.1.1 Impact of yield differences on GM and non GM area 
Figure 2 presents the impact of yield differences between the two crops for three price 
differentials (6.75%, 6.79% and 6.83 %) and a 0.05 €/t/km transportation cost. There is an 
abrupt change in the type of crop grown on the whole area. This phenomenon is the opposite 
of the one seen for the crop price difference. The yield increase in our hypothesis favours GM 
crops (Betbesé, 2006). However, the yield difference is weakly compensated for by the price 
difference. For any price difference, the change from an area totally cultivated with non-GM 
to one growing only GM occurs with a 0.1% yield increase (from 6.9 to 7 %). 
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Figure 2: Effect of yield on non-GM area for three hypothetical price differentials.  
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For the rest of the paper we assume a yield difference of 7 % in favour of GM. This allows us 
to be over the 6% for adoption of GM technology (Fernandez-Cornejo and McBride, 2002) 
and to allow a distribution of GM and non-GM in the landscape.  

3.1.2Impact of price difference on the distribution of GM and non- GM crops 
 
Figure 3 shows the proportion of the total area in non-GM maize according to the price 
differential between GM and non-GM for three transport costs. 
It is immediately clear that the change from total GM to only non-GM is very abrupt whatever 
the transport cost. The change from one extreme to the other is made between 6.5 and 6.9 %, 
because the difference in production costs between GM and non-GM production of 7€/ha is 
quickly compensated for by the price difference between the two products. A smaller 
difference in production costs, due for example to a reduction in GM seed costs, would lead to 
an increase in GM production or require an increase in the non-GM price to compensate for 
the decline in GM seed costs. 
Secondly, we can see that the slopes of the curves vary according to the increase in transport 
costs, so for a zero cost the change is sudden - 0 to 100 % of the area cultivated in non-GM as 
soon as the price differential offsets the production cost difference between the two crops (in 
our hypothesis between 6.76 and 6.77 % of the price difference). On the contrary, for a 
transport cost of 0.1€/t/km the change from one crop to the other is more gradual. Hence, as 
soon as we take into account the transport cost the difference in production costs between the 
two products diminishes. The price to be paid to purchase the non-GM product can then be 
lower. 
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Figure 3: Impact of the selling price difference on the proportion of non GM area 
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3.1.2 Impact of  transportation cost on GM and non-GM areas  
Figure 4 demonstrates the impact of transport costs on the distribution of GM and non-GM 
maize for three price differentials between GM and non-GM products. 
We notice that when the price difference is below 6.77 % the non-GM area is small or nil 
according to the transport cost. On the other hand, when the price difference is above this 
threshold the non-GM area is large and can reach 100% of the area. 
Moreover, the consequence of a transport cost increase is a decrease in the GM area up to a 
certain stage, which depends on the price difference. Thus in figure 4, for a price difference of 
6.83% it is not possible to go below 60 % of the total area of non-GM while for a price 
difference of 6.79 % it is possible to come down to 40 % of non-GM. The transport cost effect 
on farmers’ choice is thus relative. To counterbalance such an effect, country elevators have 
two possibilities: 

• to use their buying price to increase, or decrease, the quantity of non-GM produced, as 
shown here, or 

• to increase or decrease the number of collection silos in the area that accept GM 
deliveries. So, when two silos are allocated to non-GM collection, the rate of non-GM 
in the area increases strongly (figure 5). For a 6.79 % price difference it is possible to 
go from a maximum of 20 % of non-GM (figure 3) to a maximum of 45 % (figure 5). 
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Figure 4: Impact of transportation cost on non-GM area with one silo for each product. 
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Figure 5: Impact of transportation cost on non- GM area with two silos receiving non- GM 
deliveries 
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3.2 Consequence of a temporal collection strategy  
 
For this strategy the transport cost has no effect on the farmer’s choice because he delivers to 
the nearest silo, whichever type of crop he grows. This strategy leads to a uniform area of GM 
or non-GM maize. Variations in prices and the penalty for loss of quality allows the country 
elevator to strongly influence the farmer’s choice according to the weather risks, notably the 
probability of rain during the specified collection period. Figure 6 shows, for various 
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probabilities of quality loss, the price differential/penalty combination when there is a change 
from a total GM area to all non-GM area. So, for a 0.2 probability of quality loss with GM 
production there will be 100 % of non-GM if the price differential/penalty combination is 
above the curve and 100 % of GM if it is below it. Hence the greater the price differential 
between GM and non-GM, the smaller can be the penalty for quality loss to have a uniform 
non-GM collection if the GM collection period is the shortest one. In the opposite case, the 
whole of the area would be sown to GM (not shown). 
 
Figure 6: price difference/penalty combination when landscape changes from 100% GM to 
100% non-GM 

0

5

10

15

20

25

30

35

0 1 2 3 4 5 6 7

price difference (%)

pe
na

lty
 (%

) proba=0,2
proba à 0,4
proba à 0,6
proba à 0,8

proba=0,4 

proba=0,6 

proba=0,8 

 
 
4. Discussion  
 
4.1 Comparison of the strategies 
 
Both strategies which we evaluated using this model arise from descriptive work based on 
case studies made in various regions of France (Coléno et al., 2005; Le Bail and Valceschini, 
2004). These two strategies result in different collection costs, which lead the country 
elevators to prefer the temporal strategy (Coléno, 2008). The model proposed shows that the 
spatial strategy leads to production of both GM and non-GM maize. It is therefore possible to 
satisfy both the food industry with non-GM maize and the animal feed market, which accepts 
GM products if they cost less. On the other hand, the temporal strategy leads to a uniform 
area. Hence these results reveal a contradiction between the interest of the country elevators 
which is to satisfy both markets at the lowest cost, and that of the farmers, which is to 
maximize their profit, taking into account transport costs. Nevertheless, this analysis has one 
limitation. The hypothesis underlying this work is that the risk covered by the use of GM 
maize is uniform over the collection zone. But in fact the distribution of the agronomic risk 
due to the corn borer is not uniform throughout any area, so the farmer’s choice between GM 
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and non-GM maize is linked to the distribution of the risk (Bourguet et al., 2005). Use of 
agronomic variables in the model of farmers’ choices might put into perspective the results 
presented here, since they would apply to larger and more representative geographical zones 
of the whole collection area of a country elevator. Taking into account these agronomic 
constraints and a bigger area would allow one to search for alternative collection strategies. A 
spatial strategy with different delivery periods for each product could be considered. It would 
then be possible to take into account different flowering times to avoid field-to-field 
contamination (Messean et al., 2006). 
 
4.2 Influence of collection on coexistence management  
 
The collection strategies evaluated in this paper organised the agricultural landscape around 
the collection silos. In the case of a spatial strategy, fields sown with a particular type of crop 
are clustered together around the collection silo accepting this production, whereas the 
temporal strategy results in a uniform area. Considering country elevators management 
strategies of coexistence, this leads to homogeneous zones for each type of crop, bypassing 
the difficulties of coexistence associated with minimum isolation distances that constrain one 
farmer choice in using GM technology to the choice made by neighbouring farmers (Devos et 
al., 2007; Demont et al, 2008).  
 
5. Conclusion 
 
The model proposed in this paper illustrates the landscape organisation resulting from country 
elevators collection strategy decisions. We show that using a spatial segregation of GM and 
non-GM crops during the collection leads to define homogeneous zone for GM production. 
This allows farmers to simplify their work organisation, as they don’t have to use isolation 
distances between their GM fields and non-GM fields (there are no non-GM fields in the GM 
zone). Moreover, cross-pollination between GM and non-GM fields is reduced and so is the 
risk of non-GM harvest containing more than 0.9% of GM. Another step would be now to 
evaluate the level of cross-pollination in the landscape with such strategies. To do so, it is 
possible to combine the model presented here with a model to calculate gene flow from field 
to field (Angevin et al., in press). This combination would make it possible to calculate the 
level of GM in the non-GM batches delivered and thus to calculate the proportion of GM in 
the non-GM collection silos. 
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