arguably underestimate poverty reduction because cotton producers in 2006 include new entrants with
higher poverty rates than more experienced cotton farmers. His data also show that the distribution of
income among cotton producers was reasonably equal (a Gini coefficient of 0.41), with a relatively small
subset of large landholders occupying the highest quintiles of the distribution. This would seem to imply
that the cotton boom has not had regressive effects on income distribution among cotton households.
Subjective measures of wellbeing confirm the positive impacts on cotton farmers. Kaminski
(2009a) observed that Burkinab¢ cotton farmers expressed significantly higher levels of satisfaction about
their wealth situation after the reform. Moreover, he found that this improvement was not only
econometrically explained by the standard determinants of the literature (relative and absolute welfare
effects) but also by the effect of technology adoption (animal farming and ox plows in this case), and by
exogenous positive opinions about the effects of the cotton reform on income and poverty reduction.

Table 6. Percentage change in household expenditure by occupation, 1995-2003

Occupation Deflated with CPI Deflated with household price index
Public 13% 5%
Private 4% -3%
Informal 3% -7%
Subsistence 33% 10%
Cotton 43% 19%

Source: Grimm and Gunther (2004).

Table 7. Headcount poverty change by regions: 1994-2003

1994 2003 Change 1994 2003 Change
(points) (points)

Minor cotton regions* Non-cotton regions
Center-South 67.2 65.9 -1.3 Sahel 62.9 36.9 -26
Center-West 61.1 42.1 -19 East 68.4 42.1 -26.3
Major cotton regions** Center-North 63.7 36.0 -27.7
South-West 56.3 579 1.6 Plateau 60.8 60.5 -0.3
Cascades 58.3 384 -19.9 North 78.1 69.0 9.1
Hauts-Bassins 33.8 34.7 0.9 Center-East 56.5 56.3 -0.2
Mouhoun 59.5 61.5 2 Center 8.8 232 14.4

Notes: ** (*) Regions where more than 40 percent (between 20 percent and 40 percent) of the population are directly involved in
cotton production.

Source: Grimm and Gunther (2004).

Despite these different sources of evidence, it is still somewhat puzzling that some cotton regions,
such as ‘Hauts Bassins’, ‘South-West or ‘Mouhoun’, did not experience rapid poverty reduction despite
growth in cotton (Table 7). In other words, cotton growth did not obviously spill over into broader
poverty reduction, even at the regional level. Two factors might explain this. First, there may still be
problems with the estimation of poverty trends in Burkina Faso. Second, cotton growth may indeed have
had relatively weak multiplier effects on the local economy. Unlike food production, cotton growth does
not impact poverty by lowering the price of food, which is one of the most direct determinants of poverty
reduction. We also estimate that the spillovers of cotton growth onto the local economy are relatively
modest. On the production side, inputs into cotton production (for example, fertilizers, transport) are
rarely from the local regional economy, and farm level cotton outputs are only a significant input into the
ginning process and cottonseed oil production. Currently around 4,500 people are employed in the
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ginning industry by SOFITEX, 600 by SOCOMA and 400 by FASOCOTON. The local textiles industry
is largely informal, but may employ around 50,000 people.

However, for local economies, demand side effects are usually more important, and generally
account for 70 percent of the local spillover effects of agricultural growth (see Bezemer and Headey
(2008) for a review). From data collected by Kaminski (2006) and informed guesses of which expenditure
items are produced in the region and which are not, we estimate roughly a 7 percent increase in the
demand for food in the region, and a 4 percent increase in the demand for non-food, or a 6 percent
increase in demand overall (Table 8). These spillover effects are reasonable, but probably not large
enough to have a major poverty reduction impact on the local non-cotton population. Moreover, for most
of the country the spillover effects of the cotton boom are constrained by the relatively small size of the
cotton sector: for example, the value of staples crop production (rice, maize, millet, sorghum) in Burkina
Faso was four times higher than the value of cotton in 2006 (before the intervention it was around 10
times higher). So cotton’s main contribution to broader poverty reduction is only partly the result of
linkages. The more important effect was the direct increase in cotton income and the near doubling of the
share of the rural population engaging in cotton production from 10.3 percent in 1994 to 18.2 percent in
2003.

Table 8. Back-of-the-envelope estimates of the increased demand for non-cotton goods and services
in cotton-growing areas

Cotton households’ characteristics Food Nonfood Total
(1) Share of purchases that are locally produced 70% 40% 57.1%
(2) Share in expenditure items in total expenditure 57% 43% 100%
(3) Increase in cotton expenditures 30% 30% 30%
(4) Share of productive population in cotton production 50% 50% 50%
Total increase in demand within region=(1)*(3)*(4) 10.5% 6.0% 8.6%

Notes: (1), (2) are numbers are based household survey data from Kaminski (2006) and best guesses based on local knowledge.
(3) and (4) are based on averaging the two estimates from Grimm and Gunther (2004), also presented in Table 7, and on
information from other sources on the size of income growth among cotton producers.

Food Production and Food Security

The rapid growth in cotton production could impact food security and nutrition through two principal
channels. First, the cotton intervention could have induced or spilled over into more rapid growth in food
production. Second, the higher incomes of cotton producers would increase their own household food
security.

Regarding the first of these channels, food production has obviously not increased as rapidly as
cotton production. However, several products, which are mostly grown in cotton-cereal systems, have
experienced a strong increase. For the case of maize, average annual growth rate in the value of
production has been around 10 percent over the cotton reform period. Significant production growth has
also been achieved for sorghum. The pertinent question here is whether the cotton intervention resulted in
the production growth of these products.

We have some tentative evidence™ that this is indeed the case. In Table 9, we see that growth in
overall demand in cotton regions in Burkina Faso could be 7 percent or more, and a significant portion of
this would be locally produced food (often perishable). But a second channel of impact would be via
increased grain production from cotton farmers themselves, through the rotation of cotton production with

? We use the estimates of Kaminski and Thomas (2008) for land use, according to a survey of 300 representative Burkinab¢
cotton households (Kaminski, 2006) that contains precise data on both the production and consumption sides; and the estimates
for yields (see in the appendix), based on the sample of cotton households belonging to the pseudo-panel of DGPSA from 1996 to
2004.
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grain production, or through cultivated land extension (via mechanization and additional labor). Before
the reform, cereal and cotton input credit were managed jointly by SOFITEX, but with significant credit
rationing. However, the formation of cotton-specific farmer groups did not lead to a neglect of cereal
production or the farmer's demand for diversifying production between cash crops and food staples,
precisely because the groups themselves make autonomous decisions and also have influence on the
management of the sector via the cotton unions. Cereal input credit is therefore guaranteed by regional
unions, levied upon cotton sales, and monitored by technical assistants. Input credit allowances are
assessed (for both cereals and cotton) within groups and externally with technical assistants, according to
expected cotton production, cultivated land, and farmers' experience (which define an overall permissible
debt ratio). As a result of these institutions, fertilizer application to maize increased by 20 kg/ha among
cotton producers (see DGPSA). However, these positive effects on food production may be
counterbalanced by the reallocation of larger shares of land from food production to cotton production.
Indeed, at the national level it is true that the land allocated to cotton after the reform (2007) was three
and half times larger than the land allocated to cotton before the reform (1994). Thus the overall impact
on food production is ambiguous.

To resolve this question, Kaminski and Thomas (2008) estimated the evolution of land use
(cotton vs. food crops) by cotton households. This enables them to estimate the total evolution of food
crop areas for the average household cultivating cotton in 2006 (Table 8).3° Using Kaminski and Thomas’
land use function, our counterfactual projections in the next section imply that around 250,000 hectares
were not cultivated with food crops as a result of the intervention. However, this is less than half of the
increase in total cotton land, largely because total cultivated land has increased, thus partially offsetting
the reallocation of food cultivation to cotton cultivation. Moreover, a significant share (10 percent of total
cultivated cotton areas in 2006, according to Kaminski (2006), and 20 percent among new producers) of
new cotton fields have been intercropped with food crops, meaning that the increase in land shares
dedicated to cotton should be treated with caution as it is only a gross measure. This fact, together with
the increase in food production yields, explains why the expansion of cotton production (mostly
extensive) appears to have had a fairly neutral impact on food production among cotton growers. Indeed,
land allocated to cereals was still larger in 2007 than it was in 1994, albeit by only 15 percent or so,5!
while the share of grain production of cotton-producing regions actually increased over the reform period,
from one-third of national production to one-half.

Table 9. Evolution of land use for a representative sample of cotton households in 2006

1996 2006
Total cultivated area 5.51 ha 6.92 ha
Land share dedicated to cotton 20% 56%
Average cultivated area under food crops 4.39 ha 3.07 ha
Average cultivated area under cotton 1.12 ha 3.85ha

Note: These means account for new cotton producers whose land share was 0 percent and land under cotton of 0 ha before the
reform and are weighted according to cultivated land by households to estimate the average increase in food crop cultivated
areas.

Source: Estimates computed from Kaminski and Thomas (2008).

The impact on food security also depends on how increased cotton incomes contribute to food
consumption. Even for net-producers of cereals, household food security can be threatened when surplus

3% We use the linear prediction of the bivariate ordered probit model estimated by Kaminski and Thomas (2008) and the
marginal effects of the ordered probit model.

3! Again, however, these statistics suffer a significant measurement bias in that cotton lands were also cropped with grains.
Moreover, we estimate that even if the growth rates in cotton cultivation areas had continued at previous rates (i.e., the rates over
1980-94) such that a larger proportion of new lands were diverted to food, food production in 2007 would only be by 5.8 percent
larger than in 2007. This is because cotton still comprises a relatively small share of total land use.
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cereal production is used to acquire cash at harvest times and food prices and marginal revenue are
relatively low, before income is spent during lean seasons with higher food prices. Hence, both cotton
(cash income) and food production (minus the input costs) determine food security. Cotton incomes may
be particularly useful in enabling households to face familial and social expenses without having to sell
their food crops or their livestock. Using data from a retrospective survey from Kaminski (2006) that
tracks consumption patterns in 1996 and 2006, we define a threshold3? of household food security and
then estimate the evolution of food security across households over the reform period (Table 10).

Table 10. Evolution of nutrition-relevant food consumption for representative producers in 2006

Changes in consumption by households

Large increase Slight increase Constant Slight decrease = Large decrease
Fat nutrients 5% 48% 31% 10% 6%
Dairy products 5% 21% 43% 16% 15%
Animal proteins 17% 47% 14% 14% 7%
Fruits 6% 34% 36% 18% 6%
Vegetables 10% 44% 28% 15% 3%
Tubers 5% 33% 37% 18% 7%
Cereals 19% 53% 17% 7% 4%

Note: Large increase refers to an increase of more than 20 percent in per-capita consumption for the mentioned item. Big
decrease refers to a decrease in more than 20 percent. Slight increase and decrease represent changes in less than 20 percent in
magnitude.

Source: Authors’ estimates.

We find that a large share of cotton households appear to have improved their food security
situation. In 2006 around 69 percent of households who cultivated cotton could be classified as food
secure. Of these 69 percent around 49 percent have increased their consumption in cereals, while 3
percent of the remaining 31 percent who are food insecure have decreased cereal consumption. Overall,
an improvement in food security is likely to characterize up to 46 percent of households in the case of
cereals. Focusing on the households located close to the food security curve, we also found that 12
percent of the population crossed the line upward during the reform, while 2 percent fell below (based on
cereal consumption)33, These can be interpreted as lower bound estimates. On average, it is likely that
food security has improved for 30 percent of the cotton population, and deteriorated for 4 to 5 percent. In
1996, around 40 to 45 percent of the population who cultivated cotton in 2006 was food secure while 70
percent can be declared as such in 2006. Hence, the rural population dependent on cotton cultivation has
become much less vulnerable in terms of food needs.

However, there is no evidence that malnutrition has improved for the broader population. In fact,
DHS data for Burkina Faso indicate that malnutrition rates for children under 5 years old rose in the
1990s and then declined somewhat in only a few regions, including the cotton belt in the West. Clearly
nutrition is a broader national goal and a more complex issue that involves more diversified diets (see
Kaminski 2009a; and Table 10 above). So in summary, the cotton success story has principally only
influenced food consumption among cotton households themselves.

32 This threshold corresponds to a food security curve accounting for basic cash needs, and the value of food needs per-
capita, according to local market prices (Kaminski, 2006). We then compare the per-capita income measure of the household’s
agricultural production to this value, calibrated at 60,000 CFAF per capita. This value is estimated from a set of basic goods’
value and expenses, as reported in Kaminski (2006).

33 If we base the estimates on consumption of animal proteins, we obtain an upward move of 10 percent of the population,
and a downward move of 3 percent.
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4. ESTIMATING THE EFFECTS OF THE REFORM BASED ON A
COUNTERFACTUAL SCENARIO

As we noted in previous sections, the cotton sector in Burkina Faso has been subject to a number of
adverse exogenous shocks that have distorted the overall impact of the cotton intervention itself. The
principal shocks over the period in question were the falling level of world cotton prices, the fall of US
dollar with respect to Euro, and producers’ prices, and the effects of a large influx of return migrants from
Cote d’Ivoire. In this section we will try to plausibly simulate what would have happened to cotton
production without the intervention, without the Ivorian crisis, and if higher cotton prices had prevailed.
We will also look at different combinations of these three basic events.

Methodology

Our strategy for simulating these different counterfactual scenarios is described in Figure 4 and as
follows. Our first step was to consider the most important and most tangible benefits of the intervention,
as well as what the impact the Ivorian crisis would have had on the various determinants of farm
production and profitability. The characteristics of the reform and counterfactual scenarios are listed in
Table 11. The channels of impact include access and use of inputs, prices received by farmers, and land
use patterns, including access to land (which is important for return migration scenarios and ethnicity
factors). Additional comments on each of these scenarios are listed in the last column of Table 11. Clearly
the differences between the counterfactual and reform scenarios are a matter of judgment, but we believe
the previous two sections, and existing research (Kaminski and Thomas 2008; Brambilla and Porto 2005;
Savadogo and Sakurai 2007), have provided a sound basis for the assumptions listed in Table 11.

Figure 4. A methodology for estimating counterfactual scenarios

Oth;c‘rrgllputs [l R Production R Farm
(cg.fe HHZETS, i function "] profitability
mechanization

A A A
Eull set of Land-use Farmgate
nput use > function prices
determinants
y\
Controls &
instruments: Reform
ethnicity, factors (see
experience, Table 11)

Notes: €, is the elasticity of output with respect to other inputs, and ¢ is the elasticity of output with respect to land. In the
simulations these elasticities transmit the effect of the various assumptions that we make in Table 8 about the benefits of reform.
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Table 11. Main hypotheses for the counterfactual and the reform scenarios

Channels of impact

Counterfactual scenario (C)

Reform scenario (R)

Comments

Purchase price of cotton
Maize local price

Input access and use

Contractual relationships
in the cotton sector

Technical assistance

Mechanization

Number of cotton
households

Number of active
workers/household

Ethnicity effects

Decrease in 5 percent in real value
Increase in 20 percent real value

Input credit decreasing by farm of experienced
cotton growers; marginal input access for cereals
and new cotton growers

Uncertainties about the date of payment, recurrent
late delivery of inputs, disputes about quality-
grading and weighing

Encourages farmers to increase their cotton areas,
but no effect on labor and land productivity:

Only experienced farmers who pursued cotton
farming adopting animal farming at a 50 percent
lower rate

With Ivorian crisis: 110,000 in 2006

Without Ivorian crisis: 99,000 in 2006 (10,000
experienced households exit and 10,000 new
cotton households)

With Ivorian crisis: 6.3 in 2006 Without

Ivorian crisis: 6.05 in 2006

Significant for input access but less for land
access (less demographic pressure because of less
migration)

Increase in 5 percent in real value
Increase in 10 percent real value

Opportunity to borrow inputs for new
land under cotton, and also for cereals
(mostly maize)

Earlier payment of cotton seed, earlier
delivery of inputs, better quality-
grading process and transparent
weighing

Encourages moderate land allocation
to cotton and improves farming
systems.

Mechanization is correlated to
experience in cotton growing,
livestock assets, and technical
assistance.

98,500 in 1996; 176,600 in 2006
Without Ivorian crisis: 164,800 in
2006

5.8in 1996; 6.6 in 2006. Without
Ivorian crisis: 6.35 in 2006

Play on access to land, more difficult
for non-resident ethnic groups and
migrants

The difference is due to the lack of farmers’ influence in
C

The difference is due to less production and more
demand in C

Input access severely rationed in C due to low credit
repayment rates under GVs, compared to GPCs

The conditions in C were the ones prevailing before the
reform

These statements are drawn on Kaminski and Thomas
(2008) estimations and interviews by Kaminski (2006)

The slower rate of mechanization is due to less capital
accumulation and lower farmers’ incomes

These figures are estimated according to the estimates of
Brambilla and Porto (2005) for entry and exit in cotton
production, and on Savadogo and Sakurai (2007) for the
impact of Ivorian crisis

This is due to less incentives to out-migration in R and
to the influx of returnees

Non-resident ethnic groups have a limited access to land
in R, and to input access in C
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Counterfactuals on Land-Use

Using the bivariate ordered probit model of Kaminski and Thomas (2008) we estimate changes in land-
use patterns and in total cultivated land by recalibrating values of the model’s explanatory variables
according to the various scenarios assumed in Table 11. This, together with the hypotheses on the entry
and exit of cotton households (and their within-composition) allows us to estimate the total increase in
cotton areas over the reform period and under the several scenarios in Table 11.

The first calculations apply to the change in total cultivated land by cotton households (Figure 5).
Our first finding is that much more new land was cultivated because of the intervention and the Ivorian
crisis. With the growth of the active labor force, migration, and mechanization, we estimate that new land
cultivated was 250,000 hectares higher than it would have been without the reform (this is calculated by
summing the reform values in Figure 5 and subtracting the “no reform” values). Of these 250,000
hectares, the Ivorian crisis drove around 94,000 additional hectares, or slightly over one-third.

In the case of cotton, around 500,000 hectares were cultivated because of the combined effects of
the Ivorian crisis and the intervention. However, of these 500,000 hectares, the Ivorian crisis only
accounted for about one-third of the increase in cotton areas, so the increase was largely driven by the
intervention. Without the intervention, the land allocated to cotton would have stagnated. This is actually
consistent with what happened in other West African countries where reforms were unsuccessful or
postponed. After the 1994 CFA devaluation, the cultivation of cotton land increased in all Francophone
countries (Figure 6). However, in the other three countries (Mali, Benin, and Cote d’Ivoire) the land
allocated to cotton stagnated after around 1998, while in Burkina Faso it increased steadily up to 2007, by
which time it was 3.5 times larger than it was in 1994.

Perhaps the only caveat to the success of the intervention’s impact on land use is that without the
intervention the area allocated to food crops in the cotton-growing areas of Burkina Faso would have been
around 250,000 hectares more. However, as we noted in the previous section, the total land area
cultivated with food crops in all of Burkina Faso still increased over the reform period. Moreover, our
counterfactual estimates suggest that without the intervention there would have been no increase in total
land use in cotton areas. This is because with no reform, the slower rate of mechanization and lower
quality level of technical assistance counterbalance the impact of return migrants and other migrants on
land extension. And since Burkina Faso is a land abundant country (actual land use is slightly over 50
percent of all potential arable land), making greater use of land3* (in a sustainable fashion) constitutes an
efficient development strategy. However, new land suitable for cotton and cereal production appears to be
restricted, as shown by the expansion of cultivation to more marginal land with lower soil fertility. Hence,
it is questionable to wonder about the sustainability of land expansion, which we address in next section.

3* Note that Gray and Kevane (2000) already reported that cotton regions are subject to demographic pressure on land, due
to the extensive form of agricultural growth and to migration. Several conflicts among ethnic groups are likely to emerge.
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Figure 5. Counterfactual estimations for changes in land-use (for the main crop)
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Figure 6. Land allocated to cotton in four Francophone cotton producers: 1994-2007
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Counterfactuals on Cotton and Cereal Yields

To estimate counterfactuals on crop yields, we use data from 1996 to 2004 on production (DGPSA 2008),
plot characteristics, and input use to estimate a Cobb-Douglas production function, in the spirit of Fan
(1991). The production function is estimated for the main crops cultivated by cotton households of 2004,
which are cotton, maize, groundnuts, white sorghum, and millet. We allow factor production elasticities
to be time-varying to work with variable total factor productivity. As we do not have information on labor
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and agricultural capital, we aggregate these terms into the constant and add a time-dummy to allow for
technical progress. Then, we are able to estimate input elasticities through household-level random effects
Maximum likelihood estimation (RE ML) and use the hypotheses on the counterfactual scenarios to
compute counterfactual elasticities. The full production function results are presented in Table B.2 in
Appendix B3,

Figure 7. Counterfactual estimates on annual average growth in crop yields (Kg/ha): 1996-2006
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Notes: Computations are done accounting for all cotton households of 2006, including those who did not cultivate cotton in 1996
to derive the total net gain in crop yields over the reform period. Obviously, this does not apply to cotton.

Source: Authors’ estimates.

%> The main results of Table B.2 are that: 1. Land is the most productive factor and returns to land are increasing
(significantly constant); 2. The use of NPK fertilizer was productive for cotton, and to a lesser extent, for maize, with increasing
returns over time, while the use of manure was also productive for maize, groundnuts, and white sorghum with increasing
associated returns for the latter crop; 3. Pesticides was an important factor of production for cotton, and even more so for maize;
4. Technical progress was significant only for maize and millet technologies. It is likely that technical progress was not
significant for cotton because of the entry of more marginal land and less performing producers.
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Figure 8. Counterfactual estimates on annual average growth in crop production: 1996-2006
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Source: Authors’ estimates.

Figure 7 shows the estimated annual growth in crop yield under different scenarios, while Figure
8 shows the estimated annual growth in crop production. Here again, results show that the reform is the
decisive factor in the significant increase in farm yields, whatever crop is considered. As noted above,
stagnant yields of cotton should be understood as an increase in yields for the most experienced farmers
was counterbalanced by the entry of marginal land and less experienced farmers. The counterfactuals are
especially useful in this regard because they show that without the reform cotton yields would actually
have decreased. Another interesting finding is that cereal yields increased much more rapidly because of
the cotton reform, notably for maize and sorghum, which are the crops that benefit more from rotation
with cotton. Note that in this context the effect of the Ivorian crisis is rather marginal. We attribute this to
the fact that many return migrants joined already-established households, such that the more labor-
intensive use of the land would have increased yields, thus counterbalancing any negative effect on yields
from new farms being operated by return migrants.

Turning to the production results (Figure 8), the reform scenarios are characterized by a slight
decrease in food production, which was more than compensated for by a substantial increase in cotton
production (the extent of this net benefit is assessed below when we look at farm incomes). Also of
interest is the effect of the Ivorian crisis, which accounts for about one third of the growth rate in cotton
production, with the intervention accounting for two-thirds.

Counterfactuals on Farm Incomes and Food Security

Based on the previous estimates, we are able to measure changes in overall agricultural incomes for each
scenario for the average household, according to price data collected at the village level in 2006 by
Kaminski (2006), and the cost of input credit. We do not specify any differences between food production
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for self-consumption or for trade, because we are simply measuring the overall economic value of
agricultural production change for the average household.3¢

Figure 9 below highlights the main findings. The results indicate that the effect of the intervention
alone accounts for a significant change in the agricultural incomes generated by cotton households. The
average worker increased his/her agricultural income by around CFAF 36,000, or US$ 69. To put this
change in terms of a poverty reduction perspective, the rural poverty line was set at CFAF 100,000 per
consumption unit in 2006, so 35 to 40 percent of all basic needs were derived from the net increase in
agricultural incomes that resulted from the reform, in addition to the base income and other agricultural
(for example, livestock) and off-farm activities.

As for food security outcomes, in the previous section we estimated that 70 percent of the cotton
households were food-secure in 2006, but that only 40 to 45 percent were food-secure before the reform.
Using the counterfactual estimations on agricultural incomes, we compute the counterfactual rates of
food-security among cotton households (Figure 10). The results indicate that the cotton reform played an
extremely positive role in the reduction of food insecurity among cotton producing households. This has
benefited to 430,000 additional people if we account for the effects of the Ivorian crisis, and to 360,000
additional ones if the Ivorian crisis did not occur. Overall, that means at least 5 percent of the food-
insecure population in Burkina Faso became food-secure because of the reforms. It is a minimal estimate
for the impact of the reform, accounting for more than 7 millions highly to moderately food-insecure
people in Burkina Faso. An upper bound of the estimated impact of the reform on food-security is around
8 percent of the food-insecure national population.

Figure 9. Change in agricultural incomes per active worker for the average household (2006 US$)
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to derive the total net change in food security over the reform period.

Source: Authors’ estimates.

3% Note that we do not account for any change in livestock assets.
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Figure 10. Change in the number food-secure people under alternative scenarios
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5. THE INTERVENTION’S SUSTAINABILITY

Sustainability relates to the economic or financial viability of an intervention, its political sustainability,
and also its environmental sustainability. In this section we try to briefly consider each of these facets,
although there is limited hard evidence on some of these dimensions.

Political Sustainability

The political sustainability of reform is all too often overlooked in economic appraisals of “good”
policies. Nevertheless, political sustainability is a necessary condition for economic success, if only
because the survival of a reform depends upon it (Rodrik 1996). Indeed, many periods of growth have not
been sustained precisely because institutional arrangements capable of resolving conflicts did not emerge
(Rodrik 1999). The West African cotton sector itself provides a long list of examples of political unrest,
especially tensions between cotton farmers and governments (for example, Mali 1973, the early 1990s,
and in 2000, but also Burkina Faso in 1992). Resolving these conflicts is therefore a major challenge in
the cotton sector, especially in the context of an imperfectly competitive market in which monopsonies
have considerable potential to exploit farmers in a laissez-faire setting.

Perhaps the first dimension of sustainability simply relates to completing the reform process. This
is especially important in a gradualist process in which reforms proceed very incrementally. Although the
UNPCB has emerged as an important player at a national level, the local farmers groups (GPCs) still face
a number of constraints in their economic development. Most importantly, they are limited in the scope of
services they can offer, for lack of resources. This is apparent from their low-level of capital stock: in
2002, 7 percent had warehouse facilities,”’ and less than 2 percent provided their members with an
occasional access to a tractor. This lack of resources is itself enhanced by the GPCs’ environment and
their partners. First, they can be constrained by their own village environment: as shown in Bernard et al.
(forthcoming), egalitarian norms sometimes impede the development and the effective functioning of
market-oriented groups. Second, NGOs and other external partners sometimes perceive GPCs as
community organizations more than professional ones. As a result, support is conditioned on the GPC
engaging in ‘social’ actions that sometimes impair their capacity to pursue their economic strategies.
Lastly, at times of limited government resources in rural areas, local administrations often rely on GPCs
to help finance investments and services (schools, police office, health posts, etc) via a tax on their earned
ristournes (refunds), when non-cotton farmers, traders, and civil servants are less expected to do so.

There are also doubts about the role of the UNPCB and how effectively it still represents the
interests of cotton farmers. Certainly, farmers have tangibly benefited from the GPC-UNPCB relationship
through participating in quality grading with SOFITEX executives, discussing financial issues with
extension agents through local and regional credit committees, representing farmers in the claim
instigated against U.S. cotton subsidies in Cancun in 2004, and getting a larger say in determining price
outcomes (Gray 2008). But lack of accountability is an increasingly common charge leveled against the
UNPCB. Kaminski (2006) found that the farmer agency was negatively appraised and that farmers had
difficulties obtaining information on their leaders’ actions. Lately, local cotton farmers have lost
confidence in their leaders and do not feel well represented. Kaminski (2009b) reports that GPCs do not
receive the same amount of management and technical support from their regional unions and that several
GPCs and villages are not linked anymore to their departmental unions. Sometimes, the ristournes are not
redistributed to GPCs (the financial funds aimed to cover the administrative costs of GPCs). There is also
a growing suspicion from local farmers about the union’s corruption and the collusion of interests
between the union and government leaders (Gray 2008).

Governance problems of SOFITEX (while production and management costs were better in 2004)
are also linked to a lack of transparency and turned to recently affect farmers harshly, while late payments
have deteriorated the trust relationships between GPCs and other cotton firms. This year (2009), for

37 Rainfall can negatively damage cotton quality once harvested, and therefore the price paid by collectors.
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example, farmers have ordered inputs without having information about the price they will be charged
(Kaminski 2009b).

So while the progressive establishment of UNPCB and GPCs delivered many positive services
for farmers, it seems probable that further reforms will be needed in order to raise accountability and
transparency, and improve the functioning of the UNPCB, as well as SOFITEX. Furthermore, since
Burkina Faso’s political system is highly oligarchic (collusion of autocratic politicians with urban elites),
farmers have few means to influence policy outcomes if the UNPCB fails to voice their concerns (or
indeed, if the UNPCB is the principal problem). In such circumstances the lines of communication
between farmers and the government elite are effectively cut. Such a situation is certainly a cause for
concern, because the inclusion of farmers’ representatives in the original policy discussion was a key step
in building a broader consensus.

Environmental Sustainability

Two of the major impacts of the intervention were increased cultivation of new land and increased
application of inputs, such as fertilizers and mechanization. Both of these clearly have an impact on the
environment. Fertilizers, and to some degree mechanization, can potentially have a very positive effect on
the health of soils. Like many parts of Sub-Saharan Africa, Burkinabé soils typically have fairly low
nutrient content because warm temperatures result in greater microbial activity in the soil leading to
smaller amounts of soil organic matter than in the temperate zones. This means that appropriate fertilizer
use is extremely important for Burkina Faso. This is especially true of cotton, which responds well to
fertilizer application. Indeed, with appropriate application of fertilizer, FAO/ International Institute for
Applied Systems Analysis (IIASA) estimates suggest that almost half of Burkina Faso’s land area could
be cultivated with cotton, far more than the existing 2 percent (Figure 11). But the efficiency of fertilizer
use heavily depends on the organic matter in the soil (decreasing rapidly under 6 percent content). Hence,
these features are calling for improved practices and knowledge among cotton farmers.

However, the main caveat in this context is the emphasis on appropriate application of fertilizers
and other inputs. Tefft’s (2008) review of the Malian cotton sector, for example, reveals that Mali’s
cotton farmers apply chemical fertilizers at roughly 75 percent of recommended input levels and manure
and other organic soil amendments at 50 percent of recommended levels. These strategies largely relate to
minimize risk and cash expenditures, but also to lack of knowledge of appropriate techniques and the
consequences of soil mining. Hence, improving extension services and farmer knowledge are essential for
making cotton production a sustainable enterprise in West Africa, although Tefft (2008) also found little
agreement as to how serious under-application of fertilizers is for the long term sustainability of cotton
farming in the region. In Burkina Faso, the less experienced farmers also under-use inputs, especially
chemical inputs. However, it is debatable whether the lack of knowledge is determinant here. Indeed,
farmers are mostly aware of the recommended levels of inputs but apply less because of other reasons:
high costs, food security strategy for input diversion, side-selling for cash pressing needs, and so on (for
example, experimentation with crop ‘extensification’).

Most farmers did not apply manure in cotton plots, and to a lesser extent, in cereal plots (see
Table B.1. in appendix). The main problem is the soil impoverishment caused by more intensive farming
systems (less fallowing) when organic matter is not restituted to the soil. A sustainable way for soil
conservation lies in appropriate farming practices, especially correct levels of manure application. More
experimented extension officers, diffusion of new techniques, as well as promotion of mixed farming
system (integration of livestock for manure availability), are of crucial importance in addressing these
problems. Therefore, a larger emphasis should be devoted to organic fertilization and organic farming, in
the context of increasingly costly mineral fertilizers and pesticides. In spite of increasing uses of organic
matter in cotton farming systems, access to organic matter has remained difficult for farmers (manure or
compost), although several markets have emerged recently in the region of Bobo-Dioulasso. As reviewed
by Bassett (2009), organic cotton has recently gained importance in Burkina Faso under the supervision
of Helvétas and UNPCB, who work with farmers to produce organic inputs. However, several major

31



constraints remain for producing adequate quantities of compost (50 cartloads of composts are required to
fertilize one hectare), such as a limited access to raw organic matter (manure or grasses).

Another issue is land degradation. According to an FAO study from the early 1990s based on
expert assessments, West African Sahelian producing countries are particularly vulnerable to land
degradation. Moreover, Burkina Faso was rated as the country with the largest shares of its land subject to
degradation: three-quarters of degraded land was classified as severely degraded, of which three-quarters
was caused by agricultural activities (Figure 12). Of particular concern is that, large tracts of new land
have come under cultivation, although a relatively small share is deemed to be marginal land. According
to local experts, demographic pressure on land has increased with migration and demographic growth but
free land is still available. Thus the issue is not yet one of encroachment on marginal lands, but
maintaining soil fertility and integrity on lands already under cultivation.

In cotton areas, there is no significant evidence of soil mining in either the traditional basin of
cotton production in the Southwest (Gray and Kevane 2001) or in the expansive basin in the East
(Mazzucatto and Niemejer 2004). Nevertheless the conservation of land is not yet adequately addressed
by farmers. Kaminski (2006) found that 30 percent of cotton farmers use improved techniques, of land
management, but this ratio falls to just 15 percent for non-cotton farmers in cotton areas. Farmers need to
be assisted in scaling up soil conservation techniques. This has begun with national programs such as the
National Land Management Program (PNGT), which is supported by technical assistance from the cotton
sector and from French Development Cooperation. However, there are severe financial constraints and
the adoption of these techniques is rather slow. In cotton areas the diffusion is somewhat more rapid than
in other rural areas thanks to more capital accumulation (livestock) and better technical assistance. Cotton
areas have also benefited from the emergence of a new market for manure, although this is often
affordable for only the biggest producers (chiefly because of high transport costs).

Figure 11. FAO/ITASA estimates of land suitable for cotton cultivation under different scenarios
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Source: Authors calculations from FAO/ITASA (2009) and FAO (2009a) data for existing land.
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Nevertheless, the negative budgetary impact is indeed some threat to macroeconomic stability
and potentially constitutes a diversion of funds from higher return uses. To remedy this situation, the
Burkina Faso Interprofessional Committee, with support from the French Cooperation, adopted in 2006 a
new price-setting mechanism based on a formula linked to world market trends. Moreover, the
government and the interprofessional Committee moved to have the stabilization funds managed by an
independent entity, such as a bank (The West African Bank), according to predefined rules. This new
mechanism has the double objective of moving away from political price-setting via a transparent formula
linking pre-harvest producer prices to post-harvest world prices.

Unfortunately the pricing system was not correctly applied for the 2006-2007 season, resulting in
additional losses for the cotton companies.™ Still, the system is widely viewed as a significant
improvement, and there are now talks of scaling up into a national “smoothing fund” backed by a regional
refinancing facility (at the level of the Economic Community of West African States). Meanwhile, the
government intervened again to recapitalize cotton firms as a means of shoring up the sector whilst before
new private investors come on board (in line with to its willingness to withdraw from the sector). This
shows that the new institutional structures in the sector have not been error-free in their decision making,
but have addressed problems relatively quickly and in an appropriate manner—this responsiveness based
on collaboration between all partners may well be one of the most significant outcomes of the entire
reform process. Neighboring countries such as Mali are trying to emulate Burkina Faso’s solutions to the
financial difficulties of the sector.

3 Econometric evidence in Baffes (2007) shows practically no co-movement between international prices and producer
prices in West African countries, even though many countries used the world price of cotton as their starting point in determining
producer prices.
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6. LESSONS LEARNED FROM THE BURKINABE COTTON REFORMS

A healthy degree of caution should always temper our enthusiasm to learn from a success story. Of
particular concern is that successful outcomes were not driven by the intervention itself (the so called
functionalist fallacy), that the reform was unsustainable (environmentally, financially, politically), and
that the reform cannot be generalized to other contexts because its design was highly context specific (the
external validity issue). In this paper we have tried to show - through survey evidence, quasi-experimental
comparisons with neighboring countries, and counterfactual simulations that the remarkably successful
outcomes observed in Burkina Faso’s cotton sector over the last 10 years were indeed primarily driven by
the reform process (see Table 12 for a summary of impacts and results). While the first descriptive
evidence presented in Section 4 exhibited ambiguous impacts on poverty and food-security (in the context
of the Ivorian crisis notably), the counterfactual work clearly showed that the intervention enabled cotton
households to increase their agricultural incomes (even receiving lower transfers from Cote d’Ivoire) and
to better meet their food needs. Representing more than 15 percent of the population, cotton households
experienced a decrease of 5 percent of total national food-insecure population, as a minimum estimate.
While this figure may not appear as very significant, it gains more importance when we understand the
dynamics of entry in cotton production. Most of the experienced cotton farmers and households were
already food-secure before the reform. That means that on the 8 percent of national population who
started to live with cotton earnings during the reform period, most of the food-insecure households turned
to become food-secure.

Table 12. Summary table of the main intervention’s impact for cotton households in 2006,
compared to 1996

Indicator Outcome
Number of beneficiary households 176,570 households representing 1,845,300 individual beneficiaties in 2006
Change in cotton yields +0.5 percent a year on average;

-1.1 percent estimated if no intervention

Change in cereal yields Maize: +1.8 percent a year; -1.7 percent estimated if no intervention
Millet: +7 percent a year; +5.4 percent estimated if no intervention
Groundnuts: +0.5 percent a year; -1.7 percent estimated if no intervention
Sorghum: +2.1 percent a year; -0.7 percent estimated if no intervention

Change in total cultivated land +248,900 ha; +2.3 percent a year on average for the average household;
+36,300 ha estimated if no intervention

Change in cotton production +13.9 percent a year;
-2.9 percent estimated if no intervention

Change in food production Maize: -1.9 percent a year; -0.5 percent estimated if no intervention
Millet: +3.2 percent a year; +6.7 percent estimated if no intervention
Groundnuts: -3.2 percent a year; -0.5 percent estimated if no intervention

Sorghum: -1.6 percent a year; +0.5 percent estimated if no intervention

Change in agricultural incomes +41,300 CFAF per active worker for the agricultural season;
+5,100 CFAF estimated if no intervention
Change on households’ food-security +461,300 additional food-secure people;
+32,900 estimated if no intervention
Change in malnutrition indicators No significant change
Number of jobs created in the agricultural +235,000 full-time jobs; +5.3 percent as an annual average growth rate
sector

Notes: Computations are done accounting for all cotton households of 2006, including those who did not cultivate cotton in 1996
to derive the total net effects, assuming no significant effects on the non-cotton population.
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In the previous section, we have also tried to address sustainability issues. In terms of financial
sustainability, the reforms can certainly be criticized, although Burkina Faso also acted to resolve the
problem with another set of new institutional arrangements (a new price-setting rule linked to world
prices and independent management of the stabilization fund). In terms of environmental sustainability
the reforms were neither particularly bad nor good, but future efforts to improve environmental
sustainability are vital, especially in the face of climate change. Finally, in terms of political sustainability
we argue that the reforms were initially successful in creating institutions that are more capable of dealing
with conflicts, although recent reports indicate a loss of faith in the UNPCB in particular.

This leaves us with the important question of generalizability: To what extent can policymakers in other
contexts learn from the Burkinabé experience? In this regard we distinguish between general principles,
and specific practices that could potentially be adopted by other cotton producers.

With regard to principles, Burkina Faso’s success story confirms much of the existing evidence
on the process of reform. Specifically, gradualism facilitates institution building (prices can be changed
overnight, institutions cannot), and allows policymakers to observe and improve upon the outcomes of
reform. In contrast, wholesale liberalization can be dangerous in the presence of uncertainty, because
liberalization is often difficult or costly to reverse. Gradualist or partial liberalization outcomes therefore
offer policymakers some opportunity to gauge the impact of liberalization whilst keeping deeper
liberalization on the cards for future reform.*

Sequencing also appears to have been important. In most of African agriculture, farming is beset
by several fundamental market failures relating to information asymmetries, coordination failures, and
insufficient provision of public goods. Reforming prices before reforming farmers’ incentives could
therefore have had little impact on production if government induced price distortions were not the
binding constraint (ICAC 1998). In other contexts, liberalization in rural Africa has hurt farmers because
of information asymmetries between farmers and agricultural traders/marketers (Kherallah et al. 2003).
These empirical accounts are clear reminders of the Theory of Second Best (Lipsey 1956), which warns
us that removing one distortion (for example, a monopoly) can lead to adverse outcomes if other
distortions are also present (for example, coordination problems, information asymmetries, public goods).

Thirdly, like a number of Asian countries that used “deliberation councils” to bring together
policymakers and private sector (industrial) representatives (World Bank 1993), Burkina Faso’s
Interprofessional Committee provided a useful platform for exchanging exchange information, resolving
conflicts, and applying “soft” policies of persuasion rather than coercion. Even prior to the formation of
the interprofessional committee in the sector, reformers encouraged SOFITEX personnel and farmers’
representatives to tour neighboring countries and learn from their reform experiences. Thus, consensus
building was a major feature of the reform process right from the start.

Finally, relative to most of its neighbors, policymaking in Burkina Faso has shown a greater
degree of flexibility and pragmatism in its policymaking. This is perhaps best reflected in Burkina Faso
becoming the first Sub-Saharan African state (excluding South Africa) to experiment with Bt cotton, in
2003. In 2008, the state allowed the marketing of Bt seeds through a partnership between INERA (the
national agronomic research institute) and Monsanto, starting with 8,500 ha, although the success of Bt
cotton still remains controversial in Burkina Faso. While trials showed that increases in yields and
reduction in pesticide uses (with positive effects on farmers’ health) are expected, some experts are
concerned about the increasing cost of seeds (Bingen 2008), the unsuitability Bt cotton to local
institutions (especially the weak regulatory and legal environment) and climatic conditions Traoré and
Sanfo 2003; Gouse et al 3008). Even so, these caveats do not preclude the importance of experimenting
with Bt cotton so as to better assess its potential and promote opportunities to “learn by doing”.

Although these principles seem general enough, we still need to be careful not to fall into several
logical traps, such as the “rationalizing after the fact” (ex post propter hoc) fallacy. For example,
gradualism and sequencing are ex-post assessments of the reform process and not necessarily explicit

40 Gradualism is in turn facilitated by political stability, which has characterized Burkina Faso since the early 1990s, but
much less so than its neighbors.
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reform principles, although we would argue that they largely emerged because of the precautionary and
participative approach of the political process as well as an explicit awareness of the dangers of wholesale
liberalization. A second fallacy relates to the whether these lessons can really be generalized to other
contexts. Undoubtedly, Burkina’s experience is mostly relevant to cash crop sectors in other African
countries and cotton sectors especially. Even there, however, a high degree of caution is certainly
warranted because of the very different historical contexts of cotton sectors across the continent
(Tschirley et al. 2009). In West Africa the common historical and institutional background of
Francophone cotton producers, and their joint membership in the CFA union and other regional bodies,
hint towards considerable scope to adopt the Burkinabé cotton model, albeit with appropriate
modifications. Indeed, because of their similarity to Burkina Faso, it is no surprise that neighboring
producers such as Mali are interested in following in Burkina’s footsteps. Reforming farmers groups,
adopting interprofessional committees, granting regional monopolies, and outsourcing the management of
cotton stabilization funds, are all plans that are either already in existence in Mali, or on the way to being
adopted.

Perhaps the main stumbling block to successfully adopting the Burkinabé model is political. The
introduction of new cotton farmers groups in Mali has met reluctance in villages, where former village
associations are still contracting with cotton firms. The more politically active cotton unions have also
resisted reform plans, and there appears to be a higher degree of social conservatism at the local level.
Hence, the new cotton groups are reported not to be functioning very effectively. Malian cotton farmers
also have a longer history of collective action (production strikes) and have a large political impact on
Mali’s more contested elections. In contrast, Burkinab¢ cotton farmers had little choice but to accept
institutional and organizational changes. In Benin, a key difficulty has been making ex-post adjustments
once liberalization was under way. In Chad and Céte d’Ivoire, the lessons from the Burkinab¢é model
could also be worth learning, but it will require political stability and commitment as a necessary
condition.

Despite these obstacles, the tremendous success in Burkina Faso over 1996-2006 has
undoubtedly exerted considerable pressure for the reform of the cotton sectors of Mali and other
Francophone countries. Given the common institutional histories of these countries, and the strength of
the evidence presented in this paper, we believe these efforts to emulate and adapt the Burkinabé cotton
model should certainly be encouraged. Neighboring countries, and Burkina Faso itself, also have the
opportunity to learn from Burkina Faso’s recent difficulties as well, particularly with regard to developing
financially sound pricing mechanisms, ensuring accountability and transparency in the function of cotton
groups and parastatals, and using more consultative approaches to formulating policy.
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APPENDIX A. DESCRIPTION OF THE HOUSEHOLD SURVEY AND PRODUCTION

DATA USED
Data Set Observations Information

Kaminski 300 representative cotton A retrospective survey about conditions of cotton growing, agricultural

(2006) households interviewed in 2006,  choices, land use, households incomes, consumption and living standards, as
15 GPCs, 20 villages, national well as subjective indicators of well-being and about the cotton reform, over
stakeholders (interviews) the 1996-2006 period, interviews with 15 GPC leaders and national

stakeholders about the role of the reform on economic and social impacts

Kaminski 60 cotton farms, 5 villages, local ~ Survey about the relationship of farmers to cotton growing and social

(2009b) leaders and national interactions at the village level, local realities about the new cotton system in
stakeholders (interviews) Burkina Faso and statements made by the local actors, comparison to official
interviewed in 2009 statements made by national stakeholders

Bernard et Survey of community and A significant number of GPCs in the data base that reports information on

al. (2008) market-oriented village groups participation in benefits, leadership structure, overall group management and
in Burkina Faso and Senegal performances, type of activities, organization, and rules
carried out in 2002

DGPSA Pseudo-panel data on Data used by the Ministry of Agriculture to compute agricultural forecasts and

(2008) agricultural plots from 1994 to assessment of national food security. Precise measurement of plots achieved
2002 (between 20,000 to over by the permanent agricultural surveys on the fields, as well as measures of
than 30,000 plots a year) input uses

INSD National Demographic Census Data used by World Bank and Government to assess poverty rates at the

(2006) and Living Standard national and regional levels, as well as human development indicators
Measurement Survey

FAO AGROSTAT Main FAO dataset on agricultural production. FAO generally uses national

(2009a) sources to collate their data.

FAO TERRASTAT FAO dataset on environmental variables. Assessments relate to the late 1980s

(2009b) and early 1990s and are based on expert assessments. Data quality is therefore

an issue.

FAO and Agro-Ecologic Data Base Uses satellite and survey-based data to generate highly disaggregated spatial

ITASA data on soil quality and climatic suitability for agriculture.

(2009)

DHS (2009) Demographic and Health Information on malnutrition, extreme poverty indicators at the aggregate
Survey regional level. DHS is funded by USAID and carries out homogenous

nationally representative surveys in a wide range of developing countries.
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APPENDIX B. ADDITIONAL DATA FOR THE COUNTERFACTUAL COMPUTATIONS

Table B.1. Yields and input use in rural cotton Burkina Faso in 2006 (representative sample)

Total Mean Median Std. Min Max National
deviation level

Cotton
Planted area (ha) 1092 3.67 2.5 3.52 0.5 25 675000
Cotton seed output (kg) 1206266 4034 2373 5084 201 49640 710 million
Yield (kg/ ha) 1037 1002 360 201 2073 1120
Urea (kg/ ha) 68.85 50 52.13 0 533 62.4
Chemical fertilizer (kg/ 111 100 60.53 0 600 103.7
ha)
Organic fertilizer (kg/ ha) 13.4 0 65.43 0 1000 -
Pesticide (liter/ ha) 5.39 6 2.36 0 24 4.92
Other crops
Planted area (ha) 985.6 3.29 3 1.33 1 15 -
Urea (kg/ ha) 18.32 0 34.58 0 250 7.2
Chemical fertilizer (kg / 27.17 0 52.07 0 400 12 .8
ha)
Organic fertilizer (kg/ ha) 21.67 0 105.78 0 1600 -
Pesticide (liter/ ha) 0.15 0 0.77 0 8.67 0

Source: Survey of Kaminski (2006) in representative cotton production areas

39



Figure B.1. Counterfactual estimations for changes in total cultivated land
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150 -
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Reform No reform

Change in cultivated land (thousands Ha)

B [vorian crisis No crisis

Notes: Computations are done accounting for all cotton households of 2006, including those who did not cultivate cotton in 1996
to derive the total net gain of cultivated land in cotton areas over the reform period.

Source: Authors’ estimates.
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Table B.2. Production function estimates

LN (production) Millet Maize Cotton Groundnuts White sorghum
LN (Land) 1.089%** 1.125%** 1.067*** 1.026%** 1.140%**
t*LN(Land) -0.003 -.012%* -0.007 0.005 -0.006
LN(NPK) -0.01 0 .046%* 0.146 0.045
t*LN(NPK) 0.01 L0144 .009** -0.024 -0.004
LN(UREA) 0.002 J128%** 069 *** 0.078 0.019
t*LN(UREA) -0.003 =01 7%** -.008*** 0.007 0.007
LN(Phosphates) -0.289 -0.074 0.09 -0.194 162%
t*LN(Phosphates) 0.044 0.021 -0.009 0.025 -0.01
LN(Powd) 073 Hk* -.054%* 0.022 -0.055 0.024
t*LN(Powd) -.017%** 0.006 -0.004 .014* -0.005
LN(Pesticides) 0.015 JA31%* .055% -0.287 -0.202
t*LN(Pesticides) 0.016 -0.015 0.004 0.016 0.023
Manure 0.168 140%* -0.014 A5 KA -0.019
t*Manure -0.014 0.012 ..009 -.053* .033**
t 147%x* 105%* 0.042 0.023 0.056

t2 -.010%** -0.003 0.001 -0.007 0.000
Pure 0.027 -.061* -0.013 -.080%** -0.023
Relief dummies yes

Plough dummies yes

Constant 3.92 (1.10)***  -3.53 (1.26)%** 3.55 (.62)%** 2.83 (54)*n -6.73 (.68)%**
Log-Likelihood -6700.233 -10119.969 -9501.061 -7272.065 -10742.385

p 302 (.022)%** 156 (L015)%** 208 (.017)*** 319 (.018)*** 202 (.015)***
#Households 1355 1980 2335 1548 1553
Observations 4388 6171 6776 5495 6911

Notes: NPK is the quantity of NPK fertilizers in Kg, Urea is the quantity of applied urea in Kg, Powd is the quantity of powder
products in Kg, and Pesticides is the quantity of applied pesticides in liters. Manure is a dummy variable if manure application
was done, pure is a dummy if no associated crops are cultivated in the plot, p is the proportion of error variance due to random
effects within households. *** indicates significance at 1 percent, ** at 5 percent, and * at 10 percent.

Source: Authors’ estimates.
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