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Abstract: Some countries in West Africa are considering the potential
adoption of insect resistant cotton. Burkina Faso has already approved
commercial cultivation of this technology. This paper presents the results
of a socio economic impact assessment of the potential adoption of
insect resistant cotton in West Africa using an augmented economic surplus
model to consider risk and parameter uncertainty. Model considers
changes in parameters such as technology fees, regulatory lags, and
adoption patterns. Results show these are important in shaping the average
response but also its distribution. Countries in West Africa definitively
loose from not adopting Bt cotton. Adoption with reduced or no
technology fees gathered the most gains to producers and for society as a
whole. The paper develops a discussion of the potential policy and
institutional factors affecting adoption outcomes.

Keywords: Bt Cotton, Economic Surplus Model, West Africa, Benefits,
Risk, Biotechnology

Introduction

Burkina Faso approved in 2007 the commercial cultivation of genetically
modified Bt (Bacillus thuringiensis kurstaki) cotton. The main trait of Bt
cotton is the expression of insect resistance to specific lepidopteran
insects. Cotton growers in West Africa (WA) and other regions of Africa
may gain access to Bt cotton as this product is undergoing biosafety
evaluation in Kenya and Uganda, and has been approved for commercial
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cultivation in South Africa. Yet, the potential adoption of Bt cotton
by West African nations has generated conflicting points of view about
the uncertain impacts of genetically modified technologies on the
economy and the environment.

In this paper, we describe an ex ante assessment of the potential
adoption impact of Bt cotton by major cotton-producing countries in
West Africa. These countries include Benin, Burkina Faso, Mali, Senegal
and Togo. Recognizing the risk and uncertainty associated with the
technology and the limitations of existing data, we expand the economic
surplus model with a stochastic analysis. We develop five scenarios to
highlight the effects of policies and institutional factors on the
distribution of benefits and risks that lend insights into policy and
institutional issues that are critical for the proper deployment of crop
biotechnology in West Africa.

To ensure proper discussion of policies and institutional issues, we
first review background information and previous studies related to the
economic impact of Bt cotton at the industry level in West Africa. Then,
we briefly describe the model, scenarios and findings.! Finally, we discuss
institutional and policy issues related to the potential adoption of Bt
cotton in order to address the potential limitations that may arise from
the adoption and use of Bt cotton technology in Africa.

Cotton production has significant implications for the livelihood
of resource poor farmers in West Africa. Approximately 1-2 million
smallholder farmers produce most of the cotton in the region (SWAC
Secretariat OECD 2005). Cotton production creates significant direct
and indirect employment opportunities in the region. Smallholder
cotton producers in West Africa are usually well diversified in terms of
crops, employing mostly household labour for their cultivation.

West African governments view cotton as an alternative cash crop
for smallholder producers that can support income creation and that
can generate hard currency from exports. West Africa currently accounts
for approximately 10 per cent of world cotton exports and is the third
largest cotton producer in the world. (FAO Statistics 2005). For a long
time, West Africa as a region has had a comparative advantage over
other cotton producing countries in terms of lower production costs,
high quality fiber, and a solid institutional infrastructure (Baffes 2004).

Cotton responds well to environmental conditions in the region,
characterized by frequent droughts and variable rainfall. Insect damage,
however, limits cotton production in West Africa. Without chemical
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control, yield damage from lepidopteran insects?can vary from 23 to 34
per cent (Oerke, et al. 1995). Lepidopteran and other insect damage to
cotton production, coupled with increased resistance to commonly used
pesticides, may help explain the loss in the region’s competitive
advantage. (Martin et al. 2002). Efforts to control lepidopteran damage
add to approximately 194 million dollars annually with increasingly
lower success (CAB International (2001).

Ajayi et al. (2002) reports that cotton yields have declined in West
Africa with a concurrent increases in pesticide use partly due to increased
resistance of pests, such as cotton bollworm. Integrated pest
management practices have been proposed to improve pest control,
reduce pesticide applications and reduce farmers’ costs (Ochout et al.
1998). Yet, these practices have not been widely adopted in the region
(Silvie et al. 2001). Bt cotton is an alternative for controlling target
lepidopteran pests and thus may contribute to cotton productivity
improvements in West Africa. The need exists for credible information
related to the potential impact of Bt cotton and other modern
biotechnologies. Economic practitioners have used economic surplus
models in both ex ante and ex post situations to provide decision makers
with robust information about adoption impacts.

Background on Bt Cotton

The first gene used in Bt cotton (commercial name Bollgard™), known
as CrylAc, was developed by Monsanto in the 1980s from the soil micro-
organism, Bacillus thuringiensis kurstaki. Scientists long know that this
microorganism produces a protein that is toxic to a limited number of
Lepidopteran insects when ingested. The range of control of the
technology has been extended through the introduction of two or
more Bt genes inserted into the plant or by the expression of new
chemistries. Bt cotton was first sold in the United States in 1996 and
was developed through a strategic alliance between Monsanto and the
dominant U.S. seed cotton firm, Delta and Pineland (D&PL).

Bt cotton has been approved for commercial cultivation in nine
countries including Argentina, Australia, Brazil, Colombia, China,
India, Mexico, South Africa and United States (James 2007). In these
countries, the developer has either entered into licensing agreements
with local seed companies or as in India and China has developed and
directly commercialized the innovation. In all countries, the innovator
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has charged producers a fee for using the technology beyond the regular
seed cost. The ability to charge a technology fee or premium is possible
due to the temporary monopoly granted by intellectual property
protection and/or the fact that the innovator may be the sole supplier
of this particular product.

From the standpoint of the private sector, West Africa may be an
attractive sizable market, provided there are proper IP protection and
market penetration. Table 1 presents gross income estimates of the value
of the technology fee under varying adoption assumptions. At an
expected level of 20 per cent adoption for the whole region, the market
value of the Bt technology fee runs from 8.5 and 45 million dollars for
the $15 and $80 per hectare technology fee. If we add the combined
potential markets of Burkina Faso, Benin, Mali, Cote d’Ivoire, and Togo,
the value of the technology fee ranges from 4.6 to 24.5 million dollars
annually. This may represent an attractive market for a technology
whose R&D costs have been paid elsewhere through deployment in
other countries. So far, the apparent release plans are for the technology
to be commercialized in close collaboration with national research
organizations and thus there may not be a technology fee charged to
farmers. This may change in the course of transferring the technology
to producers in Burkina Faso and other countries in West Africa.

Literature on Bt Cotton Impact Assessment in West Africa

A significant share of the existing adoption impact assessment literature
is on Bt cotton. Of the published peer reviewed literature, the largest
share examines the impact of farmer adoption (Smale et al. 2006b). Of
the published studies, only three address the potential economic impact
of Bt cotton in West Africa. Cabanilla et al. (2003) estimated aggregate
ex ante benefits from the adoption of Bt cotton in West Africa by
utilizing a linear programming model to derive benefits for a
representative farm resulting from estimating optimal allocations for
land, output, profit and whole farm income. Linear programming
estimates used detailed field studies data to estimate farm level outcomes,
which where aggregated to the national level. Authors estimate that
aggregate benefits annually accruing to farmers were $68 million in
Mali, $41 million in Burkina Faso, $53 million in Benin, $39 million in
Cote d’Ivoire and $8 million in Senegal. In summary, Cabanilla et al.
(2003) showed that the region would forego significant benefits from
not adopting Bt cotton.
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Elbeheri and Macdonald (2005) utilize a multi-region general
equilibrium model to estimate the likely impacts — especially on trade-
of adoption and non-adoption of Bt cotton in West Africa. In the case
of non-adoption in West and Central Africa, but with adoption in
other countries, the authors estimate that social welfare in the region
will decrease by US$ 88 million annually. In contrast, adoption of Bt
cotton technology increases social welfare, as the change in producer
surplus induced by the expansion in cotton supply is larger than the
expected concomitant cotton price reduction.

Vitale et al. (2007) examines the potential adoption of Bt cotton
and maize in West Africa with an emphasis in Mali. Dual cultivation of
maize and cotton is a common production system in Mali. The authors
make use of confined and large-scale field trials in Burkina Faso to
draw performance data that was used in their simulations. The paper
use an economic surplus model augmented with a farmer decision-
making component. Adoption decisions are thus endogenous to the
model. Due to the nature of the markets for cotton and maize,
simulation results diverge significantly. In the case of cotton, with a
strong export market, farmers capture a large share of benefits. In
contrast, as maize is mainly a subsistence crop, consumers capture the
larger share of economic surplus generated from the adoption of Bt
maize. Estimates show that aggregate benefits from Bt cotton adoption
would surpass those associated with Bt maize by $10.3 million per year.

Many ex ante (and ex post) assessments of GM crops use the
approach presented in Falck-Zepeda et al. (2000a, 2000b) as foundation
for their implementation. The approach considers of an adjustment to
the standard economic surplus model described by Alston et al.
(1995),that accounts for temporary monopolies derived from the
intellectual property protection endowed to most GM crops (Moschini
and Lapan 1997). A major disadvantage of the economic surplus
approach is that it relies on underlying parameters. In those cases where
there is very little or no information or where information is not reliable,
usually the situation with ex ante assessments, estimates may not be as
robust as desired. Impact assessment practitioners may gather
information from other countries (such as Vitale et al. 2007 or Cabanilla
et al. 2005) or may elicit information from local experts. Furthermore,
conventional economic surplus models do not incorporate risk or
uncertainty typical of agricultural production and smallholder
producers in developing countries.
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We now discuss a modification to the conventional economic
surplus model that incorporates a stochastic component allowing the
examination of risk arising from the adoption of Bt cotton in West
Africa. One of the advantages of using a stochastic simulation is the
ability to evaluate the variability of simulation outcome and the risk.
We present five scenarios that will examine a portfolio of policy and
institutional factors issues relevant in West Africa.

Studies examining Bt cotton adoption in countries such as South
Africa (Gouse et al.2005), Mexico (Traxler et al. 2003) and Argentina
(Qaim and Janvry 2005), demonstrate the need to examine institutional
and policy issues as they may have an impact on the level and
distribution of economic benefits accruing to farmers. Institutional
and policy issues include legal frameworks, credit availability, production
contracts, the technology premium fee level, and the degree to which
seed, input and product markets are competitive. Therefore, we proceed
to discuss policy and institutional issues related to the adoption of Bt
cotton in West Africa.

The Model

Most ex post or ex ante analyses of the size and distribution of national
economic benefits from adopting GM crops have been conducted with
adaptations or versions of the economic surplus approach detailed by
Alston and Pardey (1999). This approach is also termed a partial
equilibrium displacement model because it considers only the effects of
the technology change in the market where the technical change occurs.
The model disregards the effects in other markets, such as input markets.
We based the economic surplus model used in this study on a set of
equations that depict the cotton market in West Africa from which a
set of formulas are derived to estimate consumer, producer surplus and
innovator surplus.

We augment the model with the inclusion of probability
distributions that replace individual parameters. The idea behind this
replacement is to perform a rigorous sensitivity analysis of model
parameters and to introduce risk considerations into the model as
described in Falck Zepeda et al. (2008). Then, we estimated annual
producer, consumer and innovator surplus for the period of the
simulation and for each scenario. In addition, we estimated the Net
Present Value (NPV), and when appropriate, the Internal Rate of Return
(IRR) for each year of the simulation and sum to a total value.
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The countries of Benin, Burkina Faso, Mali, Senegal and Togo
were included as standalone countries in the estimations. We group
the rest of the cotton producing countries in West Africa and other
regions under Rest of the World (ROW) category. In most cases, we
used triangular distributions to reflect a distribution of outcomes. The
triangular distribution is parsimonious at the minimum, most likely
and maximum values, fully describe the distribution. Furthermore, the
triangular distribution approximate the normal distribution over
repeated sampling draws. The distribution is widely used in production
economics and the finance literature for modeling risk. The values for
the distribution of the model parameters where compiled from the
literature (Hardaker et al. 2004).

We inputted the model into a spreadsheet and then ran Monte
Carlo simulations using the programme @Risk™. The program calculates
and saves output variables designated in advance by drawing quasi-
randomly from the distributions included in the model. After the
program estimates and saves output, the program repeats this process
for a designated number of times by the user. The @Risk™ program
saves results, and when all iterations are done, calculates statistics over
all simulation results for the output variables. In this paper, output
variables are producer, consumer, innovator, and total surplus, and net
present value and internal rates of return.

The formulas for changes in domestic and ROW producer and
consumer surpluses used in our study were:

ACS=P,C,Z (1+0.5Zh),
APS =P, Q, (K-Z) (1+0.5 Ze,),
AIS = A, (P, - P__)=At*TF,
ATS = DCS+ DPS+ DIS - DC,,,
_|(AaY, aCTF

—— |[XAXRXS

K [
ea (1+AY) TC

where ACS= Change in consumer surplus, APS=Change in producer
surplus, AIS=Change in innovator surplus, ATS= Change in Total
surplus, P is the price without the innovation, C= Quantity consumed
without the innovation, Q,= Quantity produced without innovation,
K is the proportional size of the supply shift, Z = is the price change
associated with the supply shift, P, is the price of Bt cotton, P is the
price of conventional varieties and C,  are the costs necessary to develop
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and deploy the technology including biosafety regulatory compliance
costs, AY is the expected yield difference between Bt and conventional
cotton, e, is the elasticity of supply of cotton, AC is the cost difference
between Bt and conventional cotton, TF is the technology fee, TCis
the Total costs of production, A is the adoption rate, R is the probability
of R&D success (assumed in this paper to be 100 per cent), and Sis the
share of the hectares planted to Bt cotton in each country.

Simulations were conducted over a set period, then output variables
were calculated for each year and then the results were transformed to
net present values. Note that the values for elasticities, yield and cost
differences, prices and quantities, and other parameters are specific to
the country and region groups, unless specified differently.

Modelling Scenarios

Scenario 1: No country in West Africa adopts Bt cotton, while cotton-
producing countries in the ROW adopt at a constant rate of 20 per
cent. Maximum adoption rates are achieved in the ROW in year seven.
The total time simulated is 23 years. For the ROW countries, we assumed
a triangular distribution with a minimum, most likely and maximum
technology fee of US$15, US$ 32, and US$ 56 per hectare respectively.
Note that these estimates from the literature are relatively high as they
correspond to the technology fees charged for both developing and
industrialized countries and thus the results of our simulations will
tend to be conservative estimates.

Scenario 2: Adopting countries in West Africa use Bt cotton but
after backcrossing to local varieties. This policy increases the lag time
to deploy the technology. Thus, there is a delay in terms of producers
receiving the stream of benefits. Lags are extended to adopting countries
by three years. Adapted local varieties may yield more than foreign
varieties, while ensuring a higher acceptance by farmers in the region
(Qaim et al., 2006). Therefore we have modified yield parameters to
reflect potential yield advantage from adapted varieties. This is the most
likely scenario for the case of Burkina Faso and the rest of countries in
West Africa.

Scenario 3: adoption starts in 2012 in Burkina Faso, followed by
the other countries three years later. The maximum adoption ceiling in
the region is 60 per cent. Adopting countries use adapted local varieties.
We assume a public release; therefore, there is no technology fee. Many
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countries in Africa are considering of the involvement of the public
sector in the development and distribution of Bt cotton technology.

Scenario 4: Literature reviews have shown the importance of the
technology fee levels in determining the gains from the adoption
introduction of Bt cotton. Lower technology fees tend to increase gains
by producers by reducing input costs and by providing incentives to
increased adoption. Taking into consideration the significant
negotiating power of farmer unions and marketing associations have
in West Africa, we explore the possibility that they are able to negotiate
a lower technology transfer fee compared to the three previous scenarios.
We reduced the technology fee for by 40 per cent across all parameters
of the triangular distribution to gain a sense of the potential impacts
of such policy. The minimum, mode and maximum technology are
then set to 9, 19 and 34 dollars per hectare, respectively. We also
increased adoption rates slightly to a maximum of 50 per cent because
of the lower price of Bt cotton seed. Other assumptions remain the
same as those used in Scenario 3.

Scenario 5: Taking into consideration the experience with the
adoption of modern varieties in Africa, we allowed for a pattern of
adoption, dis-adoption and re-adoption in Mali and Benin. The
purpose of this scenario is to emphasize the importance of addressing
institutional and governance considerations and the farmer
vulnerability to fluctuations in seed availability and hence farm
income. Thus, this scenario illustrates the impact of fluctuating
adoption rates and institutional issues on the level and distribution
of benefits as documented in other countries in Africa (Gouse et al.
2005). We therefore modify the smooth sigmoid adoption curve used
in the previous four scenarios to describe and somewhat irregular
adoption path. We assume that a drastic fall in world cotton prices,
a political turmoil, or a drought event could affect cotton production
in general, but there may be a larger (and perhaps faster) reduction
could be expected in Bt cotton areas, given the higher seed costs.
Except for the irregularity in adoption rates, all other assumptions
in Scenario 5 are the same as those made in Scenario 3.

Discussion of the Parameters Considered

We present the parameters and the assumptions used in the model in
Tables 2a and 2b, along with the literature consulted to obtain parameter
values. We instructed the simulation programme to repeat the process
10,000 times for Scenarios 1-4 and 25,000 times for Scenario 5. A higher
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number of simulations in Scenario 5 were necessary as simulation results
fluctuated significantly due to fluctuating adoption patterns in this
scenario. We, therefore, wanted to ensure robust statistical summaries
estimated for the aggregate results. A more in-depth description of the
parameters is in Falck Zepeda, et al. (2008).

)

2)

3)

4)

5)

6)

Time lags: time lags defined as the sum of the time required for
adaptive research and development (R&D) and biosafety regulatory
process in the innovating country.

Cost of compliance with of compliance with biosafety regulations
and/or R&D: Since this is an ex-ante study, we used data from
other developing countries including India and China (for
example, Pray et al. 2005; Quemada 2003; Falck-Zepeda and Cohen
2006). When the cost of compliance with biosafety regulations is
included, that benefit values to producers will most likely decrease.
Technology diffusion pattern: In the simulations, Burkina Faso
took the leading role because this country has approved the
commercial release of the Bt cotton. Other countries including
Benin, Mali, Senegal and Togo, adopted after an evaluation period.
The later assumption is controversial but reflects the experience
of other regions of the world (i.e. the case of herbicide resistant
soybeans in Brazil after approval in Argentina).

Model elasticities: Given the limited information concerning the
supply elasticity of cotton in West Africa, the unitary elasticity
was assumed as the most likely value. To set the range of the supply
elasticity values, we consulted the literature. The final triangular
distribution used took a minimum value of 0.5 and a maximum
of 1.5, with a mode value of 1.0. We chose deliberately a more
conservative minimum value (¢ = 0.3) as seen in Table 2b.

Yield advantage: We drew values of the difference between Bt and
conventional yields from existing literature. Note that the minimum
value at O per cent allows for the possibility of no yield effect induced
by the Bt trait. If there is no pest attack there is no reason to observe
a yield difference between the Bt and conventional variety. The
likelihood is that if there is still a difference this is unrelated to the
trait but rather to the germplasm used.

Cost advantage: Refers to the per unit cost savings from reduced
pesticide use resulting from the use of Bt varieties. As in the case
of yield advantages, we consulted the published literature to obtain
values for the triangular distribution that we use in our simulations.
The minimum cost difference was set to zero since a Bt variety
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does not necessarily reduce the need for insecticide applications.
The experience in other countries has shown that even in the case
of successful adoption of a Bt cotton technology and successful
control of the primary pests, secondary pest populations can
become economically significant and therefore may require pest
applications. The cost of controlling secondary pests then could
offset benefits from reduced applications of pesticides to control
the target pest.
Notice that the simulations account for the possibility that farmers
may be worse off by using the Bt cotton technology when there is no
yield advantage and/or no costs advantage.

Results

Scenario results

Table 3 introduces results expressed in actual and present values. The
overall result is that the change in economic surplus is positive with
the adoption of a Bt cotton technology in West Africa. The results of
the simulations show that producer surplus gains are qualitatively
similar amongst all countries. On the other hand, the probability
that consumers would gain with Bt adoption are very high. These
overall results vary from one scenario to another. One of the benefits
from using a stochastic simulation model is the ability to compare
and analyze variability at different levels of analysis. We observed
significant variability at the country level masked within the average
simulation results.

Table 3 introduces average benefits for consumers, producers and
innovators for the more realistic scenarios 2, 3, 4 and 5. It is also
important to point out that in Scenario 3 there is no innovation surplus
since there is no technology fee. In the case that West Africa would
choose not to allow cultivation of Bt cotton (Scenario 1/Baseline), the
results show that producers would unequivocally loose from this policy.
These losses are a consequence of price reductions driven by supply
shifts from technology adoption in the rest of the world. Price reductions
do induce a gain by consumers; however, consumer gains do not match
producer losses. Therefore, not adopting Bt technology would generate
net losses for the region.

Comparing Scenarios 2 and 4, we see that both lowering
technology fees and higher levels of technology adoption may improve
the level of benefits but also its distribution. In almost all countries,
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producers and consumers are better off with a reduction in technology
fees as in Scenario 4. Certainly, innovators are worse off. Therefore the
question of minimal technology fees to enter a market become relevant.
Alternatively, the question could be framed as what is the minimal
technology fee per area that induces a developer to invest in a market,
as this will have an impact on profitability. Similar questions can be
raised with regard to the public sector. One of the public policy
considerations is whether developers —and innovation- will be affected
by price reductions and how. In Table 4, we can also see the impact of
not addressing institutional issues that may disrupt adoption processes.
In Scenario 5, irregular adoption processes affect significantly producers
in Benin and Mali, but they are not the only stakeholder affected as
innovators are also affected.?

Figures 1 a-c introduces the distribution of net present values for the
baseline scenario 1. The probability that West Africa in general and Burkina
Faso a loose from not adopting Bt cotton is very high (99.5% certainty) as
shown in Figures 1la and 1b. Similar results occur in other countries. As
expected, with a price decrease, consumers gain from the use of Bt cotton.
Senegal uses a large proportion of the cotton domestically produced, and
therefore the change in consumer surplus due to the adoption of Bt cotton
would most likely be high (Figure 1c). The probability of a negative change
in consumer surplus is very low. The probability of having a negative
change in total economic surplus is much lower in Scenario 2 (4 per cent)
than in the baseline scenario (99.5 per cent).

The introduction of local adapted varieties makes a big difference
in our modeling efforts. The core idea for this scenario is to examine
the trade-off between using a variety available now versus a using a
variety produced sometime in the future. This tradeoff needs to be
compared to the additional cost involved with adaptive R&D necessary
to introduce the Bt gene into local varieties. Results show that the use
of a local variety with higher yield may compensate for the time and
cost to develop the technology in the first place.

In scenario 4 in Table 3, benefit level increases for both consumers
and producers in West Africa, with a concurrent reduction in innovator
surplus. Consumer gain through output price decreases while producers
increase their own gains from a reduction in input costs. Lowering the
technology fee charge does benefit producers and consumers. The real
questions are how much a reduction and what is the mechanism by
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which farmers can negotiate price reductions in the region. Furthermore,
reducing prices tends to decrease variability and downside risk. These
results are indeed a reflection of a reduced financial risk in the cotton
sector derived from driving input prices down, to get them a close to a
competitive market price as possible. However, decision makers have to
be conscious that there is a threshold under which developers will not
deliver a product to a particular market as it becomes un-economical.
The case of public sector product delivery free (or close to free) requires
much more attention.

When we consider introduction of irregular adoption rates in
countries such as Benin and Mali, as in Scenario 5, there is significant
effect on outcomes. In both countries, irregular adoption rates reduce
producer and total surplus compared to previous scenarios (Tables 3
and 4). This is not the only impact, as there is a concurrent increase in
the level of downside risk. In comparison to Scenario 4, we observe a
decrease in consumer surplus and increased innovator surplus. The
probability distributions for the chance in producer surplus reveal that
disrupted adoption causes a higher probability of negative producer
surplus (Figures 2a and 2b). The probability of negative change in
producer surplus can be as high as 35 per cent in Benin (Figure 2¢). The
country with lowest probability of a negative outcome is Senegal, with
a still sizable 20 per cent probability. Interesting to note that consumer
surplus is not affected much by irregular adoption as adoption in the
ROW dampens potential losses from using the technology in West Africa.

The change in total surplus and consumer and producer surplus
do not vary much between Scenarios 2, 3 and 4 (Table 4). Neither, the
distribution of outcomes varies much among these scenarios (Figures
2a, 2b and 2c¢). The probability distribution of change in total economic
surplus for West Africa under Scenario 3 (Figure 2b) corroborates this
statement. In this case, a very small reduction in the probability of
obtaining negative outcomes within total economic surplus is observed
in Scenario 3 (2.6 per cent) with respect to Scenario 2 (3.86 per cent).
An example at the country level, in Burkina Faso, the probability of a
negative change in total economic surplus is reduced from 5.8 per cent
in Scenario 2 to 4.1per cent in Scenario 3. Similar reductions are observed
for total, producer and consumer surplus in all countries in the region.

Policy and Institutional Issues

A review of the impact of Bt cotton in the developing world has shown
that the technology can have a positive impact in small-scale farmers
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(see Smale et al. 2008), but that “much attention needs to be focused
on the development of local institutions” (Tripp, forthcoming).
Furthermore, the economic literature on the adoption of GM cotton
has underlined the importance of taking into account the institutions
in analyzing the success of these technologies, particularly within the
context of small-scale agriculture.

The initial success of Bt cotton adoption in South Africa, for
example, was derailed by the weakness in the institutional framework
under it was initially developed, approved and commercialized (Gouse
2005). In China, the higher yields observed with Bt cotton was not
matched with the expected reduction in insecticides, given the lack of
information of proper management in hands of farmers (Pemsl 2005)
and the lack of transparency in seed markets. These cases, as well as
others, pinpoint how critical is it to address and understand the
institutional framework - including formal and informal institutions -
and to assess the possible institutional barriers to the successful
deployment of Bt cotton or any other GM technology.

A common conclusion of many GM studies is stating the need
of having in place effective biosafety regulations and increased
investment in biotechnology as key factors in the successful
commercialization of GM crops (Smale et al. 2008). A recent study
of Bt Cotton by Tripp (forthcoming) concurs with this assessment
but shows that “broader institutional issues ... need to be addressed
if biotechnology is going to have an impact in most developing
countries.” From the experience of other developing countries that
have already adopted Bt cotton, several lessons can be learned by
implementing groups in West Africa.

Innovation system: Countries face alternative options to ensure
farmers have access to appropriate technology. Options include using
technology developed by multinational companies, or by the
international research system, or alternatively to develop the
technology by themselves. The appropriate choice will depend on
the development of the country’s own innovation system and the
level of financial and human resources, available to address the
creation or adaption of appropriate technologies. In all cases, the
need exist to have a functional system to characterize, conserve and
improve genetic resources for agriculture, as they are the backbone of
all crop and animal improvement systems.

Local adaptation of cotton varieties: Some countries such as
Mexico, Colombia, and South Africa used foreign Bt varieties directly
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in the first stages of the adoption process. The policy of allowing foreign
varieties may not be feasible in West Africa as many countries have
strict regulations regarding the use of planting of varieties. If adaptation
of the trait (Bt gene) into local varieties is viewed as a necessary process,
additional time and funding will be required.

Institutional limitations: Successful diffusion of GM cotton in
developing countries depends very much on strong public institutions,
including the clear support of the government, a dynamic research
sector, and the availability of credit for funding investments in
agricultural inputs. An area of particular importance is the
information that farmers need to have for the adequate management
of a GM crop and the flow of information to and from producers
regarding the technology and its place in society.

Despite the adoption of Bt cotton, many adopting countries (i.e.
China, India, Colombia and others) are still overusing insecticides,
mainly due to the lack of proper information regarding the management
of the technology. In other countries, pesticides are barely applied or
are applied using the wrong dosage for controlling insects. The later
may be the case in West Africa as there is a history of low chemical use
by farmers (Horna et al. 2008). Therefore, there is the need to establish
an efficient and enabling knowledge sharing mechanism to ensure that
farmers get the right information at the right moment. This is, of course,
connected to the idea of developing trust in the sources of information
and the knowledge networks that operate in many countries.

Legal Frameworks including Biosafety and IP

a) Biosafety

A regulatory process is needed for GM cotton varieties to be officially
release in most countries. The biosafety regulatory process involves a
risk assessment steps. Several actors and stakeholders including
regulators, decision makers, users, and developers interact to define,
assess and decide the outcome. Actors involved in this process may
contribute to ensure biosafety assessment, testing, and the development
of genetically modified crops; and provide support in training, capacity
building, regulatory strategies and policy development. In most
countries, one of the first steps for the approval of GM varieties is the
implementation on confined field trials (CFTs). CFTs provide the
technology developer and decision makers with the opportunity to
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evaluate the performance of GM plants. The CFTs allow collecting data
required for the biosafety assessment, as well as, variety testing,
registration, and seed certification purposes. The regulatory agency will
supervise the implementation of the CFTs after the application form
has been approved, as well as analyze data submitted by the proponent,
and determine the appropriate course of action after commercial release
stage has been approved.

One of the potential post release strategies, in the case of cotton,
is the establishment of an insect resistant management strategy including
the creation of a refugia. Hence, one critical issue is to evaluate, and
recommend, if needed, insect resistance management practices along
with the introduction of Bt cotton variety. Bt expression introduces
selective pressures on a pest population. Eventually, individual pests
that are resistant to the Bt protein will survive and thrive, rendering
the technology obsolete. Scientists devised various strategies to lengthen
the time until resistance occurs. One successful strategy to date has
been setting aside areas planted with non Bt cotton varieties where
resistant individuals mate with non-resistant individuals, thus diluting
the proportion of resistant individuals. The set aside is called a “refugia”.

There are different variations in terms of whether farmers are
allowed to spray for non-target insects in the refugia and the relative
area dedicated to the set aside. As indicated before, the refugia have
been successful so far in delaying the appearance of resistance to the Bt
gene under field conditions. Bt cotton was introduced back in 1996 in
the United States and so far, no case of resistance has been observed,
mainly due to the effective management of the refugia. Nevertheless,
refugia requirements for GM crops are much more difficult to comply
in areas characterized by smallholdings, which is the case of most cotton
farmers in developing country. Not only farmers have to understand
the importance of the refugia strategies but also there must be effective
mechanisms to regulate its compliance. The roles that the private sector -
including ginneries - and the public sectors will play have to be clearly
defined and financed. The case in China merits some careful
consideration as the refugia in this country has not been deemed
necessary due to the farming system in place that seems to act as
alternative refugia.

If target pests are present at high densities or populations persist
for an extended period, the need may exist for supplemental insecticide
applications to prevent further yield losses. Furthermore, even when
there is adequate control of the target pests, secondary pests that used
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to be controlled — albeit indirectly — when controlling the target pest
may become economically significant. Secondary pest evolution is a
well-known issue in breeding and managing plant genetic resistance,
which needs to be addressed as early as possible through variety release
plans and regulatory approval processes. Integrated Pest Management
(IPM) practices, scouting techniques, and agronomic management
practices must keep pace with a changing pest population.

Another critical issue is the possibility of incidental gene transfer
to wild cotton populations. Although this possibility is remote, some
countries have chosen to limit the areas where Bt cotton is planted. In
the US, Bt cotton varieties are not permitted for cultivation in the
Southern part of Florida, Hawaii, U.S. Virgin Islands or Puerto Rico. In
Mexico, Bt cotton varieties are not permitted for cultivation in the
southern states, as there are wild relatives of cotton in the region.
Interestingly enough, the possibility that modern cotton varieties may
be able to cross sexually with wild relatives is very low.

b) Intellectual property right

In many countries in West Africa, governments and state owned
enterprises freely distribute seed to farmers. Many questions arise
from this approach. For example, how will IP issues affect innovation
and science and technology in West Africa? Will the public sector
attempt to recuperate some of the investments made in adaptive
research? How is the technology fee for using the Bt technology
going to be recuperated? Are there institutions to guarantee that the
seed won't be multiplied illegally?

The later situation has indeed occurred in other countries who
have used Bt cotton in the past including India and China. The other
issue is stewardship and liability. Even in the case where private sector
“donates” the technology free for use by producers, the national and
international regulatory regime has not evolved sufficiently to create a
regime that would address the issues of liability. Furthermore, the need
exists to provide incentives to stakeholders, to ensure product stewardship
along the production chain. Certainly, the donor, which may be a
private sector organization, has the interest of protecting its technology
for misuse. In essence, the mechanisms to alleviate the need to manage
liability and to ensure product stewardship need to be in place to ensure
proper technology deployment.

Cotton sector organization and coordination: In West Africa, the
cotton sector has been evolving over time. Actors, vertical and horizontal
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coordination and commercialization channels have evolved responding
to internal and external realities of cotton production, especially
subsidies by industrialized and some developing countries to their own
cotton production systems.

For example, Benin has reduced the role of the quasi-state enterprise
SONAPRA and has introduced competition in the distribution of inputs
and marketing of cotton but the government is still subsidizing the
farmers (Minot and Daniels, 2004). Mali has privatized the state owned
cotton seed company HUICOMA, and has created a new price setting
mechanism that ties producer prices to world market prices but the
CMTD (85 per cent owned by the government) controls most of the
production, ginning and marketing of cotton (Basset, 2006).

One the one hand, the vertical institutional coordination
mechanism in place in West Africa can ensure deployment of the Bt
cotton technology in the region. On the other hand, this same
coordination mechanism may introduce inefficiencies due to lack of
competition and may in turn derail the proper introduction of the
technology. The need exists for the state owned enterprises to evaluate
the marketing channels and to provide the proper technology transfer
support to ensure the proper deployment of the Bt cotton technology
in the region.

Alternative production methods: Alternative production methods,
including organic cotton production, have been growing at a fast pace
in many parts of West Africa and other developing countries, but remain
a small proportion of total area planted (Falck Zepeda 2006). If farmers
consider this alternative production sector important, especially for its
foreign market potential, planting GM crops could pose a risk for their
viability. Ginneries and exporters could lose their certification, as the
main market for organic cotton is Europe. In most cases, certification
for these markets requires zero percent use of GM seed. If this is the
case, there is need to examine closely the benefits, costs, and risks of
managing a co-existence system. In addition, the need exists to explore
the different mechanisms to guarantee segregation, labelling and
traceability, which can be expensive for implementation.

Landlocked economies: Some countries in West Africa are
landlocked. Their exports must pass through neighbouring countries
to reach export ports. Ratifying parties to the Cartagena Protocol on
Biosafety have to comply with article 19(1) “each Party shall take
necessary measures to require that living modified organisms that are
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subject to intentional transboundary movement within the scope of
this Protocol are handled, packaged and transported under
conditions of safety, taking into consideration relevant international
rules and standards.”.

Such a measure would compel any Protocol member to likely
include advanced inform consent and the possibility to label each
shipment with a detail on the nature of the GM events included in the
shipment. If a country, especially those ratifying parties to the Protocol,
introduces one or more types of GM cotton in the future, it may have
to test each shipment of cottonseed to make sure the labelling is correct
or alternatively develop segregation, traceability and identity
preservation systems to ensure the transboundary movement of GM
materials. The cost of such procedures would be significant, even if it
the shipment is only destined for a neighboring member country that
has approved the same GM cotton event when passing through country
that has not approved the GM cotton event. The issue of asynchronous
approvals needs to be addressed urgently in West Africa and thus the
need exists to explore regional approaches to biosafety and
biotechnology assessment and decision-making.

Concluding Remarks

Policy makers in West Africa have a difficult task in front of them. On the
one hand, decision makers need to screen and assess competing claims on
the benefits, costs and risks of these genetically modified technologies and
decide on their role in terms of improving producer productivity, increasing
their resiliency and creating prosperity; on the other hand, they have to
promote agricultural productivity while protecting the environment and
biodiversity. The overarching goal of this paper is to contribute to the
empowerment of decision makers in West Africa by discussing results of
economic simulations but also discussing the potential institutional issues
related to the adoption of Bt cotton in West Africa. The discussion in
this paper can help support decision makers understand policy options
and their trade-offs, while empowering them to choose strategies for
the cotton sector in their countries.

Results from our simulations and from other papers in the literature
indicate that West African governments need to ensure long-term
productivity gains to match international levels and to compete with
subsidies and other government support programmes in place in other
cotton producing countries. These results show that West Africa is
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worse off when facing other countries adopting productivity
enhancing technologies such as Bt cotton. West African countries
will need to adopt productivity enhancing technologies to compete in
global markets.

Several factors shape the level and distribution of net benefits
derived from the potential adoption of Bt cotton in West Africa. A
major factor is seed prices that include the technology premium.
The technology fee has to balance the value of the pest damage
relative to other constraints, as well as the potential pest control
alternatives and producers’ ability and willingness to pay. The
amount charged for this technology fee will be critical in the successful
deployment of the technology in the region.

Burkina Faso has taken the first step in the region with the
approval of Bt cotton commercialization. This fact determined the
leadership role in terms of first adopter in our simulations. Burkina
Faso is posed to capture a larger share of benefits from this technology.
This fact contrasts with the relative low gains across all producing countries
in West Africa from the adoption of the technology. As introduced in the
discussion, we have used advanced risk simulation methods, plausible
assumptions and have considered both negative and positive outcomes.
We may think of our results as the most likely outcome from negative and
positive outcomes in our simulations. In absolute numbers, the largest
cotton consumption occurs in Senegal. However, our simulations indicate
that Benin is the country where consumers could potentially gain from
Bt cotton adoption in the region, as they have the highest consumption
of locally produced cotton.

Published studies on the impact of Bt cotton in other countries
indicate that a larger share of benefits accrue to adopting producers.
These findings do not hold in our simulations. The innovator captures
the largest shares of benefits compared to the actors in the cotton sector.
These results directly relate to the conservative assumptions used in our
simulations. Thus, they may be thought as the lower bound estimates
of gains from the adoption of Bt cotton in West Africa. At the same
times, these results are a call for West African countries to focus on the
proper deployment strategies and to anticipate issues related their
deployment, in order to minimize and/or mitigate these issues before
they become binding constraints.

Our discussion on the policy and institutional factors serve to
emphasize the role that these issues have in relation to technology
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adoption. Policy makers need to address all these factors to ensure the
deployment of proper technologies to maximize societal gains arising
from technology adoption. Scenario 5 (irregular adoption patterns)
powerfully highlight the need to address institutional constraints and
thus address irregular adoption pattern issues such as benefits
increasingly accruing to innovators. This fact has serious implications
for the practice of socio-economic impact assessments particularly those
done ex ante.

Practitioners need to understand, in-depth, the institutional and
policy context in which agricultural biotechnologies are being deployed
by developers. These factors need to be included into estimations and
simulations in order to ensure proper assessments. There needs to be
significant advances in terms of identifying methods to model robustly
these developments. Our initial simulations for the case of Bt cotton in
West Africa show the need for modelling policy and institutions clearly.

Can producers in West Africa gain from the adoption of Bt cotton?
Even when taking into consideration all the limitations and caveats
from our study, producer can gain from having at least one more
technology choice to choose from such as Bt cotton. This technology
can help resolve one specific productivity constraint and thus contribute
to the overall goal of poverty alleviation in the region. Proper
deployment of the Bt cotton technology will need to be situated within
the scope of overall economic development. A prudent course of action
will evaluate options and give Bt cotton a proper role in the global
economic development process. In essence, two distinct
recommendations arise from our study. First, governments in West Africa
need to identify and promote appropriate incentives to choose the best
from technology alternatives and, second, the need exists to identify
and mitigate policy and institutional constraints that may limit the
proper technology deployment in West Africa.

Endnotes

! For a in depth description of scenario results and findings see Falck Zepeda,
Horna and Smale (2008)

2 The order Lepidoptera is the second most prevalent species order in the class
Insect, including butterflies, moths and skippers. Members of the order are referred
to as lepidopterans.

3 We also conducted a regression analysis using @RiskTM in order to examine the
sensitivity of our results to the assumptions underlying the structural model.
Results are similar for producer surplus for all countries in West Africa. The levels
of expected producer surplus are most heavily influenced by yield performance in
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ROW and by price elasticities, followed by yield performance in each country,
cost and other parameters of the structural model. In addition, we performed
and advanced sensitivity analysis of the simulation results. We allowed positive
and negative changes of 10 per cent steps in key parameters and performed
repeated simulations with these values. In general, the advanced sensitivity analysis
showed that our results are robust to changes in distribution parameters.
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