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Does Organic Farming Jeopardize Food and Nutrition

Security?

Ghislain B. D. Aihounton1,2 and Arne Henningsen1

1Department of Food and Resource Economics, University of Copenhagen, Denmark

2Laboratory of Analysis and Research on Economic and Social Dynamics, University of Parakou, Benin

Abstract

The prevalence of organic farming and other sustainability standards is increasing around

the globe. While effects of organic farming on productivity, income, and poverty alleviation

have been analyzed in numerous empirical studies, its effects on food and nutrition security

are not yet understood. Using data from smallholder cotton farmers in Benin, we empirically

investigate how adopting organic farming affects their food and nutrition security. Our results

indicate that adopting organic farming substantially reduces their food security, while it tends

to slightly reduce the nutritional quality of their diets. Evaluating pathways, we find that the

decreased food and nutrition security is likely caused by lower household income due to lower

income from cotton farming given a smaller land area cultivated with cotton, while a larger land

area cultivated with food crops cannot fully compensate for the reduced income from cotton

farming. This alarming result illustrates the need for evaluating and eventually improving

programs for organic farming in developing countries to ensure that good intentions for more

sustainable production practices do not jeopardize the livelihoods of vulnerable smallholder

farmers.

Key words: organic farming, food security, dietary diversity, farm households, treatment ef-

fects.

JEL codes: O13, Q12, Q18.
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1 Introduction

Although substantial interventions aimed at supporting food security and nutrition in sub-Saharan

Africa (SSA) have been introduced over the past decades, food insecurity and malnutrition are still

highly prevalent in the region. Particularly, the prevalence of undernourishment rose from 18.3%

in 2015 to 23.2% in 2021 in SSA (FAO, IFAD, UNICEF, WFP and WHO, 2022), suggesting urgent

action is needed to revert this trend. Given that many of the undernourished people in SSA and

worldwide are smallholder farmers who rely on agriculture for their livelihoods, changes to agri-

cultural production systems that enable smallholder subsistence farmers to increase the quantity or

nutritional quality of the produced food products or the profitability of their agricultural activities

have the potential to improve the nutrition of many poor rural households.

Conventional farming practices are frequently unsustainable due to soil degradation and other

environmental problems and they, thus, jeopardize food security at least in the longer run. Hence,

the adoption of organic farming, which prescribes sustainable farming practices such as inter-

cropping, crop rotation and diversification, legume cultivation, and the use of organic fertilizers

(Meemken et al., 2017; Jouzi et al., 2017) could secure and possibly enhance the availability and

diversity of food products in developing countries. On the other hand, organic farming often has

lower crop yields than conventional farming (e.g., De Ponti et al., 2012; Jouzi et al., 2017; De-

Fries et al., 2017; Mitiku et al., 2017; Meemken and Qaim, 2018) and, thus, could compromise

food security in developing countries. The negative effects of adopting organic farming on crop

yields could potentially be counteracted by: (a) farmer’s ability to purchase more food due to a

potentially higher income given higher prices for organic products (see, e.g., Ramesh et al., 2010;

De Ponti et al., 2012; Uematsu and Mishra, 2012; Delbridge et al., 2013; Chiputwa and Qaim,

2016; Qiao et al., 2016; Jouzi et al., 2017; Meemken and Qaim, 2018; Vanderhaegen et al., 2018),

and (b) a more nutritious and diversified diet due to more diversified production of organic farms

(Badgley et al., 2007; Gracia and De Magistris, 2008; Jones et al., 2014; Jouzi et al., 2017). How-

ever, Sibhatu and Qaim (2018) show that less than 20% of 45 studies that analyze the relationship

between crop diversification and dietary diversity found a statistically significant positive relation-
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ship. Thus, it is unclear whether potentially greater crop diversity of organic farming actually

results in greater dietary diversity and, thus, an improvement in the nutritional quality of the diets

of organic households1.

While the effects of organic farming on productivity, income, and poverty alleviation have

been analyzed in numerous empirical studies (e.g., Bolwig et al., 2009; Jena et al., 2012; Uematsu

and Mishra, 2012; Patil et al., 2014; Ayuya et al., 2015; Chiputwa and Qaim, 2016; Parvathi and

Waibel, 2016; Jena et al., 2017; Mitiku et al., 2017; Froehlich et al., 2018), its effects on food

and nutrition security are not yet understood. This is an important limitation because farmers in

developing countries often derive their livelihoods—including satisfying their food needs—from

their farming activities (e.g., Carletto et al., 2015; Chiputwa and Qaim, 2016; Fanzo, 2018; Fraval

et al., 2019), and it would be very undesirable and ethically problematic if programs that encourage

the adoption of organic farming in developing countries—often initiated by private or public actors

in high-income countries—compromised the food and nutrition security of vulnerable smallholder

farmers in low-income countries. Hence, assessing the effects of organic farming on food and

nutrition security is highly relevant, not only scientifically but also for governments, donors, and

NGOs that engage in organic farming in developing countries.

This study contributes to the existing literature by empirically investigating how organic farm-

ing affects farm households’ food and nutrition security through various pathways. We develop

and apply a theoretical microeconomic model that indicates how the adoption of organic farm-

ing could affect food and nutrition security and that guides the empirical specification as well

as the interpretation of the empirical results. In the empirical analysis, we address the potential

endogeneity of choosing between organic and conventional farming by using three different ap-

proaches. First, we use a variable as control variable that captures a household’s marginal utility

of adopting either organic or conventional farming practices. This approach to accounting for po-

tential unobserved heterogeneity in a selection-on-observables design has been used in a number

of studies (see, e.g., Verhofstadt and Maertens, 2014; Bellemare and Novak, 2017; Rajkhowa and

1In order to avoid long and potentially unclear sentences, we abbreviate households that practice organic farming
as “organic households” and households that practice conventional farming as “conventional households.”
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Qaim, 2021; Ruml and Qaim, 2021). Second, we apply the approach suggested by Oster (2019)

to check the sensitivity of our estimates regarding unobserved heterogeneity. Third, we use instru-

mental variable regression. We use six different outcome variables to measure different aspects of

food and nutrition security. Food insecurity is measured by applying the FAO’s household food

insecurity experience scale (HFIES) as well as an extension of this scale that captures smaller vari-

ations in food insecurity. Furthermore, we use the FAO’s dietary diversity score and the number

of vitamin A-rich food groups consumed within 24 hours and within seven days to assess nutrition

security. Our empirical analysis is based on a sample of 1247 households that produce organic or

conventional cotton in Benin.

Our findings show that organic farming substantially decreases food security. Moreover, the

adoption of organic farming tends to slightly reduce the dietary diversity and the number of vita-

min A-rich food groups consumed within 24 hours, but it does not notably affect these measures

when considering the consumption within a seven-day period. Hence, organic farming is expected

to jeopardize food security and tends to slightly reduce the nutritional quality of the diets of the

farm households who adopt organic farming, at least when circumstances are similar to those of the

farmers in our empirical analysis. To further understand these effects, we investigate the mecha-

nism of the effects of organic farming on food and nutrition security. We find that organic farming

substantially reduces the land area cultivated with cotton, the income from cotton farming, and

household income, while it substantially increases the land area cultivated with food crops. The

decrease in income from cotton farming indicates that the higher price for organic cotton does

not fully compensate for the lower cotton yield and the smaller land area cultivated with cotton.

Furthermore, the increased land area cultivated with food crops does not fully compensate for the

decrease in income from cotton farming and, thus, the capability to purchase food. This is an im-

portant result as organic farming is gaining importance in many developing countries and evidence

is needed to ensure that this does not have undesirable side effects on the participating smallholder

farmers.
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The remainder of this paper is organized as follows. Section 2 presents the theoretical frame-

work guiding the empirical strategy. Section 3 describes the study location, data and the empirical

strategy. The results are presented in Section 4. Section 5 concludes and provides policy implica-

tions.

2 Theoretical framework

2.1 Agricultural household model

We use an agricultural household model (Singh et al., 1986) as a framework for theoretically

investigating the effect of adopting organic farming on food and nutrition security. This framework

assumes that the household uses its labor and its other resources to maximize its utility. Based

on Key et al. (2000) and Henning and Henningsen (2007), we formalize the household’s annual

consumption, production and labor allocation decisions by the following non-separable agricultural

household model:

max
c,x,q

U (c,zh) , s.t. (1)

G
(
x,q,D,z f

)
= 0 (2)

Ai −Ci −Xi +Qi −Mi ≥ 0∀ i = 1, . . . ,N (3)

T +
N

∑
i=1

Vi (Mi,D,zm)≥ 0 (4)

c,x,q ≥ 0, (5)

where for each good i = 1, . . . ,N (e.g., land, labor, other agricultural inputs, agricultural outputs,

purchased consumption goods), Ai indicates the household’s initial endowment, Ci indicates the

consumed quantity, Xi indicates the quantity used as input, Qi indicates the quantity produced, and

Mi indicates the net marketed quantity with Mi < 0 indicating purchasing the good, Mi = 0 indi-

cating not trading the good, and Mi > 0 indicating selling the good. To keep the notation simple,
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we define vectors a = (A1, . . . ,AN)
′, c = (C1, . . . ,CN)

′, x = (X1, . . . ,XN)
′, and q = (Q1, . . . ,QN)

′.

U (·) is the household’s utility function and G(·) is a transformation function that indicates feasi-

ble combinations of input and output quantities. In the case of M < 0, Vi (Mi,D,zm)< 0 indicates

the (negative) cost of purchasing good i, while in the case of Mi > 0, Vi (Mi,D,zm) > 0 indicates

the revenue from selling good i. In the case of Mi = 0, Vi (Mi,D,zm) = 0. Finally, D is a dummy

variable that indicates whether the household is certified for organic production (D = 1) or applies

conventional production methods (D = 0), T indicates exogenous net transfers (e.g., remittances),

zh is a vector of household characteristics (e.g., household size and composition), z f is a vector of

farm characteristics (e.g., land quality, climate), and zm is a vector of market characteristics (e.g.,

local price levels, market accessibility, etc). Our household model specified in equations (1) to (5)

treats the decision about organic or conventional production methods, i.e., variable D, as given

because switching from conventional farming to certified organic production usually takes at least

three years.2

If there are no transaction costs for purchasing or selling a good i and the market for this good

is perfectly functioning, function Vi (·) is proportional to the traded quantity with Vi (Mi,D,zm) =

Pi (D,zm) Mi, where Pi (D,zm) is the exogenous market price of good i, which may depend on

whether the household applies organic or conventional production methods. If there are no trans-

action costs for any of the goods, and the markets for all goods are perfectly functioning, the house-

hold model becomes separable and, thus, preferences and household characteristics that are only

related to consumption decisions (zh) have no influence on production decisions, and production

decisions only affect consumption decisions through the level of income . However, it is unrealistic

to assume that all of the goods i = 1, . . . ,N, including land and labor, are traded without any trans-

action costs or other market imperfections. Hence, the input quantities x, output quantities q, and

consumed quantities c that maximize the utility of a household depend on the household’s initial

endowments a, household characteristics zh, farm characteristics z f , net transfers T , and mar-

2The production method D is, of course, endogenous in the longer run, and our empirical analysis takes this
endogeneity into account. However, our theoretical analysis takes variable D as given in order to compare certified
organic farms and conventional farms while ignoring farms in transition, i.e., farms that apply organic production
methods but are not yet certified and, thus, get the same prices as conventional farms.

6



ket characteristics zm as well as the chosen production method D, i.e., Xi = Xi
(
a,zh,z f ,T,zm,D

)
,

Qi = Qi
(
a,zh,z f ,T,zm,D

)
, and Ci =Ci

(
a,zh,z f ,T,zm,D

)
. As food and nutrition security depend

on the consumption of food products, i.e., a subset of the consumed quantities c, food and nutrition

security depends on the same variables as c:

yk = yk
(
a,zh,z f ,T,zm,D

)
,

where yk denotes the k-th indicator of food and nutrition security.

2.2 Pathways of the effect

Based on our theoretical model, Figure 1 illustrates the main pathways through which the adoption

of organic farming could affect the food and nutrition security of small-scale cotton farmers in our

study area.3

3 Methodology

3.1 Data collection

Our analysis uses cross-sectional data from a household survey in Benin. The survey locations

cover three main cotton growing districts, namely Kandi, Pehunco and Glazoué, which were se-

lected due to the high importance of cotton farming, agro-ecological diversity, and the presence of

organic cotton farming in the areas. Cotton farming is the main livelihood for most rural house-

holds in these districts. Other crops—mostly maize, sorghum, soybean, and groundnut—are culti-

vated in rotation with cotton to provide food for the household and maintain soil fertility.

3In our study area, the vast majority of small-scale farmers produces cotton. Cotton is the only non-food crop that
is produced in this area. Hence, our theoretical considerations distinguish two types of crops: cotton and food crops.
Due to space limitations, the most important intermediate variables and the most important direct effects along these
pathways are explained in Section A of the Appendix.
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Figure 1: Illustration of the pathways
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Note: The boxes with the light gray background and the bold font indicate the intermediate vari-
ables that are included in our empirical analysis. Given that household income is not available in
our data set, we proxy this variable with household revenue in our empirical application.

We selected three groups of villages for our household survey. In order to obtain data from

a sufficiently large number of organic cotton farmers, we selected all 25 villages that engage in

organic cotton farming in the three districts. Furthermore, we selected 25 villages without organic

cotton farming but with similar village-level characteristics as the 25 villages with organic cotton

farming in order to obtain data from organic and conventional households that operate under similar

production and market conditions. Finally, we selected a further 25 villages without organic cotton

farming, which together with the two other groups of villages, provide a representative sample of

all cotton growing villages in each of the three districts.

We collected data from 1,361 cotton growing households through face-to-face interviews us-

ing the KoBoCollect software from March to May 2018. Data from 1,247 of these households

(223 organic and 1,024 conventional households) were used for the empirical analysis presented in
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this paper.4 The gathered data include information on, e.g., household characteristics, crop farm-

ing (particularly cotton), and livestock keeping. The household head and/or his/her spouse were

also asked questions about their food security and about different food groups consumed in the

household (see details in the following section).

3.2 Measurement of food and nutrition security

Food security is defined as the situation, “when all people, at all times, have physical, social and

economic access to sufficient, safe and nutritious food to meet their dietary needs and food prefer-

ences for an active and healthy life” (FAO, 2009, p. 1). Acknowledging that this definition of food

security is widely approved, measuring food security is a challenge because of its multiple dimen-

sions (e.g., FAO, 2016). Some decades ago, the measures of food security that were most widely

used by researchers and development agencies were household food consumption expenditures or

dietary intake (Chung et al., 1997), anthropometric measures (Coates, 2013), and the household

food insecurity access scale (Coates et al., 2007). Due to measurement challenges associated with

these indicators (Smale et al., 2015; Smith et al., 2017), further indicators have been proposed.

One of the most widely used new measures of food security is the household food insecurity

experience scale (HFIES) developed by the FAO (see FAO, 2016; Cafiero et al., 2018). It is the first

survey instrument to measure people’s direct experiences of food insecurity at the individual level

to be applied on a global scale (Smith et al., 2017). Secondly, it provides an internal statistical va-

lidity of the data set using the Rasch model assumptions (Cafiero et al., 2018). The household head

and/or his/her spouse were asked whether they had experienced the following situations during the

last 12 months because of a lack of money or other resources:

1. You were worried you would not have enough food to eat.

2. You were unable to eat healthy and nutritious food.

3. You only ate a few different kinds of food.

4A more detailed description of our data collection and the selection of households for the empirical analysis can
be found in Section B of the Appendix.
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4. You had to skip a meal

5. You ate less than you thought you should.

6. Your household ran out of food.

7. You were hungry but did not eat.

8. You went without eating for a whole day.

Instead of asking the interviewees for a binary response (“Yes”/”No”) for each of the eight potential

situations (as done, e.g., by Smith et al., 2017; Cafiero et al., 2018), we extend the HFIES by

providing four ordered answers: 0 = Never, 1 = Rarely, 2 = Sometimes, and 3 = Often. This allows

us to obtain the original HFIES, which ranges from 0 to 8 (i.e., the number of answers that are

not 0), and a more detailed HFIES that ranges from 0 to 24 by summing up the answers to the

eight questions.

Additionally, we use the household dietary diversity score suggested by FAO (2011) for mea-

suring nutrition security, i.e., having food of sufficient nutritional quality to eat. Several studies

show that dietary diversity is a strong predictor of children’s nutritional status (e.g., Moursi et al.,

2008; Gebremedhin et al., 2017; M’Kaibi et al., 2017). The household dietary diversity score sug-

gested by FAO (2011) is based on the consumption of the following 16 food groups (see FAO,

2011):

1. Cereals (bread, maize, sorghum, oats, etc.)

2. White tubers and roots (white potatoes, white yam, white cassava, or other roots)

3. Vitamin A-rich vegetables and tubers (carrots, sweet potatoes, sweet red peppers)

4. Dark green leafy vegetables

5. Other vegetables

6. Vitamin A-rich fruits (mango, papaya, dried peach), and 100% fruit juice made from these

7. Other fruits

8. Organ meat (liver, kidney, heart or other organs or blood-based foods)

9. Flesh meats

10. Eggs
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11. Fish and seafood

12. Legumes, nuts and seeds (seed: all other seeds except cereals)

13. Milk and milk products

14. Oils and fats

15. Sweets

16. Spices, condiments, beverages (beverages: coffee, tea, alcoholic beverages).

We use the household dietary diversity score for the periods 24 hours and 7 days in order to account

for short-run and long-run diversity of food consumption, respectively. Based on this classification,

a group of ‘vegetables’ was derived by combining vitamin A-rich vegetables and tubers (3), dark

green leafy vegetables (4), and other vegetables (5). A group of ‘fruit’ was derived from combining

vitamin A-rich fruits (6) and other fruits (7), and a group ‘meat’ was derived by combining organ

meat (8) and flesh meat (9), leading to a total of 12 food groups. The household’s dietary diversity

score is obtained by summing up the number of affirmative responses and, thus, it ranges from

0 to 12. We also derive a second indicator for nutritional quality as the number of vitamin A-

rich foods (see FAO, 2011), which is obtained by summing up the number of vitamin A-rich food

groups consumed (i.e., groups 3, 4, 6, 8, 10, and 13) by the household in the past 24 hours and in

the past seven days and, thus, it has a score that ranges from 0 to 6. Both the dietary diversity score

and the number of vitamin A-rich food groups consumed are used for measuring nutrition security

as they indicate the consumption of important nutrients for a healthy life.

3.3 Main regression model

In this section, we present the estimation strategy that we use to investigate the effects of organic

farming on rural households’ food and nutrition security.

Our core regression equation is specified as:

yik = αk +βk Di + γ
′
k Ei + εik, (6)
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where subscript i indicates the household, yik denotes our k-th outcome variable, Di is a dummy

variable that is equal to one if household i has adopted organic farming and zero otherwise, Ei is a

vector of control variables, εik is the error term for the regression with our k-th outcome variable,

αk and βk are coefficients, and γk is a vector of coefficients to be estimated. Our six primary out-

come variables (yik;k = 1, . . .6) are the original HFIES, the extended HFIES, the dietary diversity

scores over 24 hours and 7 days as well as the number of vitamin A-rich food groups consumed

over 24 hours and 7 days. Furthermore, we analyze the effects of organic farming on six mediating

outcomes (yik;k = 7, . . .12): number of livestock species kept, number of food crops produced,

land area cultivated with food crops, land area cultivated with cotton, income from cotton farming,

and household revenue5.

We are mainly interested in the coefficients βk as they indicate the average treatment effects

(ATE) of organic farming on the outcomes of interest, i.e., βk = E(yik|Di = 1)−E(yik|Di = 0). In

order to obtain unbiased estimates of the ATEs with an Ordinary Least Squares (OLS), we need to

control for all variables that are correlated both with the household’s decision to farm organically Di

and the error term εik. Based on our theoretical framework, our vector of control variables Ei in-

cludes household characteristics zh (age, gender, education, literacy, household size, dependency

ratio, distance to nearest health facility, and experience in agriculture)6, farm characteristics z f (to-

tal land owned), and market characteristics zm (type of road and distance to closest market, which

are proxies for prices of products as the price of farm products depends on the remoteness and

the distance between the household and the nearest market). The vector Ei additionally includes

5Given that subsistence farmers’ household income is difficult to observe due to, e.g., the difficulty in observing
the value of self-produced and self-consumed agricultural products, our data set does not include a precise measure
of household income. We approximate the total household income by total household revenue, which is obtained by
dividing the revenue from cotton farming by its proportion of total household income. The proportion of household
income that comes from selling cotton is available in the data set as the answer to the question, “What is the share
of cotton income of total household income?”. Each respondent received 10 identical stones, which together should
represent total household income. The respondents were asked to divide these 10 stones into two groups: income from
cotton farming and income from other (agricultural or non-agricultural) income-generating activities. The number of
stones that indicated the income from cotton farming was multiplied by 10%.

6We use education, literacy, and distance to nearest health facility as proxies for knowledge about healthy diets and
the effects of synthetic pesticides on health (and, thus, the probability of adopting organic farming).

12



the quadratic or cubic terms of some of the explanatory variables7 as well as arrondissement-fixed

effects to account for location-specific effects.

Given the design of our sampling strategy, standard errors are clustered at the village level

using clustered sandwich estimators of type “HC1” in the terminology of MacKinnon and White

(1985) (for details see, e.g., Zeileis et al., 2020). Although all of our six primary outcome variables

and two of our mediating outcome variables are count variables, we use OLS regression rather than

count-data regression because the distributions of most of these variables are rather symmetric (see

Figures 2 and 3 in Sections 4.2 and 4.3, respectively), which means that OLS regression seems to

be appropriate.

We transform variables with very right-skewed distributions with the log-transformation (if

they only include strictly positive values) or by the inverse hyperbolic sine (IHS) function (if they

also include zero and/or negative values) to obtain variables with more symmetric distributions and

fewer extreme values because this often fulfills the assumptions required for OLS regressions to a

higher degree and makes the results less sensitive to individual observations (see, e.g., Wooldridge,

2016, p. 172).8

3.4 Willingness to pay as an additional control variable

Borrowing from the theory of adoption, farmers choose whether to adopt organic farming de-

pending on their expectations of its advantages and disadvantages. Hence, OLS estimates of βk

are biased due to omitted explanatory variables if unobserved variables that affect farmers’ ex-

pectations of the advantages and disadvantages of organic farming and, thus, their participation

in organic farming Di also affect their food and nutrition security yik through pathways that are

not blocked by the control variables Ei. To overcome this potential problem, we re-estimate equa-

tion (6) with an additional control variable that proxies farmers’ expectations of the advantages and

disadvantages of organic farming, i.e., we add an additional element to the vector Ei that captures

7Based on RESET tests, we added quadratic or cubic terms of some continuous explanatory variables to some of
the regression models in order to account for non-linearities.

8For details see Section C in the Appendix.
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the respondent’s unobserved characteristics that influence participation in organic farming Di. This

approach to accounting for unobserved heterogeneity was inspired by Verhofstadt and Maertens

(2014), Bellemare and Novak (2017), and Ruml and Qaim (2021), who used variables that proxy

each respondent’s marginal utility of participating in cooperatives or contract farming to control

for potential unobserved characteristics that drive participation in cooperatives or contract farming.

We obtain this additional control variable in our survey by asking each respondent, “which type

of cotton farming do you think gives you and your household, in general, a better life?”. The re-

spondents’ responses were captured on a 7-point Likert scale (1 = organic much better, 2 = organic

somewhat better, 3 = organic slightly better, 4 = about the same, 5 = conventional slightly better,

6 = conventional somewhat better, 7 = conventional much better). In order to avoid unnecessarily

long phrases and sentences, we denote this variable that indicates the perceived overall net advan-

tages and disadvantages of organic and conventional cotton farming as “WTP” given that it proxies

willingness to pay (WTP) to adopt organic or conventional cotton farming (inspired by Bellemare

and Novak, 2017).

If our WTP variable had been observed before the farmers decided to adopt organic farming

or to remain conventional farmers, this variable would be an excellent variable for controlling for

unobserved heterogeneity between organic and conventional households. As our WTP variable

was observed after this decision, it is possible that positive or negative experiences with the chosen

production method may have affected both the WTP variable and the food and nutrition security,

i.e., creating a potential endogeneity problem of the WTP variable. However, as the decision to

adopt organic farming, to a large extent, depends on ideology, which is not easily changed, and

given that we are not interested in the coefficient of the WTP variable as we just use it as control

variable, we are confident that this weakness does not have a major effect on our estimates of the

effect of organic farming on food security.
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3.5 Sensitivity to omitted-variable bias

As we cannot be sure that our selection-on-observables identification strategy—even if we use the

WTP variable as an additional explanatory variable—does indeed remove all correlation between

our treatment variable Di and the error terms εik, we use the approach suggested by Oster (2019) to

assess the sensitivity of our analysis to omitted variables. We derive bias-adjusted estimates of the

treatment effect β̂ h
k for four different values of the (assumed) R-squared value of a hypothetical re-

gression model that gives unbiased estimates (Rh
k). We define the bounding sets as ∆k = [β̂ h

k , β̂k] and

consider an estimate to be robust to potential omitted-variable biases if the bounding set excludes

zero (i.e., β̂ h
k and β̂k have the same sign).9

3.6 Instrumental variables

As an alternative to the approach suggested by Oster (2019), we use instrumental-variable (IV)

regression to address potential endogeneity of our treatment variable. Specifically, we use the

three-step IV approach suggested by Wooldridge (2010, p. 937–942) that takes into account the

fact that the endogenous regressor, i.e., the dummy variable indicating organic farming (Di), is

a binary variable. The first step comprises a probit regression of the dummy variable indicating

organic farming (Di) on all exogenous explanatory variables Ei and on the instrument: exposure

to organic farming (D̄i) defined as the proportion of all cotton farming households that are organic

cotton farming households in each village. Similar instruments have been used in many other

studies (e.g., Mason et al., 2013; Krishnan and Patnam, 2014; Smale and Mason, 2014; Magnan

et al., 2015; Wuepper et al., 2018; Sellare et al., 2020; Tabe-Ojong et al., 2022) as these types of

instrumental variables indicate the exposure of farmers to new opportunities and as the adoption of

new opportunities is frequently influenced by social ties. More explicitly, the higher the proportion

of organic farmers in the same village, the more likely other farmers learn about organic farming

and its potential advantages (see, e.g., Sellare et al., 2020). The second and third step comprise a

9Section E of the Appendix describes this method in detail and presents the bounding sets for all four different
values of Rh

k . For simplicity, the figures in Section 4.2 only display the bias-adjusted estimates of the treatment effect
for two values of Rh

k .

15



classical 2SLS regression with the probability of participation in organic farming predicted by the

first-stage probit model (D̂i) as the instrument. Based on this IV regression, βk denotes the local

average treatment effect.

In order to obtain unbiased estimates of the local average treatment effect, the instrumental

variable has to be relevant and exogenous. We assess the relevance of the instrumental variable by

using an F-test, which assesses the statistical significance of the predicted probability of participa-

tion in organic farming in the second step of our estimation strategy (i.e., the first step of a classical

2SLS regression). If the F-test rejects the irrelevance of the predicted instrumental variable at a

very high significance level (usually an F-statistic of 10 is used as threshold, see Staiger and Stock,

1997), we conclude that our instrumental variable is not “weak” but relevant.

The second condition for the instrumental variable, exogeneity, is fulfilled if this variable is

uncorrelated with the error term, i.e., the instrumental variable only affects the outcome variables

through the treatment variable Di and it is not correlated to omitted variables that affect the out-

come variables through pathways that are not blocked by the control variables Ei. Indeed, the

proportion of organic cotton farming households in a village is probably not randomly distributed

between villages but may depend on local conditions (see Section F in the Appendix for details).

However, we argue that potential channels from the instrumental variable to the outcome variables

that might violate the exogeneity assumption are probably ‘blocked’ by the control variables Ei,

particularly variables related to the location such as arrondissement fixed effects, distance to near-

est health facility, type of road, and distance to the closest market as well as the WTP variable.

These variables probably capture pre-existing differences regarding locations and the (perceived)

advantages or disadvantages of organic farming, which may affect food and nutrition and, at the

same time, may be correlated with our instrumental variable. Therefore, we argue that our instru-

mental variable is credibly exogenous. Furthermore, we estimate all regression models only with

observations from the first two groups of villages (see Section 3.1), i.e., only villages with organic

cotton farming and villages that are similar to those with organic cotton farming regarding a num-

ber of criteria, including criteria that are probably related to food and nutrition security. Finally,
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we assess the exogeneity of our instrument by applying the falsification test proposed by Di Falco

et al. (2011).

3.7 What about null findings?

In our empirical analysis, finding that the adoption of organic farming does not affect and, thus,

does not jeopardize food and nutrition security, would be a highly relevant result. However, P-

values and statistical significance usually do not help to answer questions of interest like those

addressed in this paper (Imbens, 2021) and obtaining statistically insignificant estimates does not

imply that there is no effect (e.g., Brown et al., 2018; Abadie, 2020). One way to investigate

whether statistical insignificance implies that there is no effect is to calculate the statistical power

of the significance test. However, in many empirical applications with observational data in eco-

nomics, one has too little information to conduct reasonable power calculations before the data are

observed and analyzed, while ex-post power calculations are “fundamentally flawed” (Hoenig and

Heisey, 2001).

On the other hand, in many cases, a point estimate and the degree of uncertainty associated

with the point estimate may be the precursor to making a decision (Imbens, 2021). Given that

the absence or presence of statistical significance should not be the basis to claim any relationship

or effect, we investigate both the statistical and the economic significance of our estimates with

confidence intervals (see, e.g., Hoenig and Heisey, 2001). Specifically, we display the 50% and

95% confidence intervals for the outcome of the estimated treatment effects of various OLS and

IV regressions. If the confidence intervals of the estimated treatment effects do not usually encom-

pass economically significant effect sizes, we can conclude that organic farming does not have an

economically relevant effect on food and nutrition security, which would be an important finding.
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4 Results10

4.1 Descriptive statistics

Table 1 reports mean characteristics of organic and conventional households in our sample along

with balancing tests. The majority of the household heads is male but the share of female household

heads is significantly higher in organic households (14%) than in conventional households (5%).

The average educational attainment and literacy are very low with, on average, 1.38 years of ed-

ucation and only 19% of the households heads are able to read and write in their local language.

While heads of organic households have a slightly higher level of education and literacy than heads

of conventional households, these differences are not statistically significant at the 10% level. In

contrast, conventional households are significantly wealthier than organic households in terms of

land ownership and household assets. Furthermore, organic households are significantly less fre-

quently located on a tarred road and are, on average, further from a health facility. Therefore, they

are more remote than conventional households.

Regarding the variable denoting WTP, we find a large difference between organic and conven-

tional farmers. While 82% of the organic farmers state that organic cotton provides, in general, a

better life, only 9% of the conventional farmers state this. On the other hand, 88% of conventional

farmers think that conventional cotton provides a better life, while only 3% of organic farmers re-

port that conventional cotton is better for their life. Hence, most of the farmers seem to be satisfied

with their decision about whether to produce organic or conventional cotton.

Organic households are significantly (at 10% significance level) less food secure than conven-

tional households according to the FAO’s food insecurity experience scale, but we do not observe

any significant difference in terms of our extended HFIES. Moreover, organic households have a

significantly (even at 0.1% significance level) lower dietary diversity score over 24 hours and con-

sume significantly (at the 10% significance level) fewer vitamin A-rich foods over 24 hours than

10The empirical analyses were performed in the statistical software “R” (R Core Team, 2023) with the add-on
packages “AER” (Kleiber and Zeileis, 2008), “sandwich” (Zeileis, 2004, 2006; Zeileis et al., 2020), “xtable” (Dahl
et al., 2019), and “stargazer” (Hlavac, 2022).
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Table 1: Descriptive statistics
Missing All Convent. Organic Diff. P-value

Household head
Age (years) 0 42.41 42.04 44.13 -2.09 0.030
Sex (1=male) 0 0.93 0.95 0.86 0.09 <0.001
Education (years) 0 1.38 1.35 1.51 -0.16 0.482
Literacy (1=literate) 0 0.19 0.18 0.23 -0.05 0.109
Experience in cotton farming (years) 0 15.11 15.20 14.72 0.48 0.478
WTP variable 0 5.15 5.80 2.18 3.62 <0.001

Household
Household size 0 7.31 7.39 6.97 0.41 0.126
Dependency ratio 0 0.41 0.41 0.42 -0.00 0.756
Total land owned (ha) 0 13.36 13.98 10.54 3.44 <0.001
Household assets (million FCFA) 0 2.31 2.43 1.74 0.69 0.005
Distance to closest market (km) 0 3.23 3.22 3.27 -0.05 0.905
Main road is tarred road (1=yes) 0 0.35 0.30 0.57 -0.27 <0.001
Distance to health facility (km) 0 4.06 3.88 4.88 -1.00 0.020

Food and nutrition security outcomes
HFIES (original) 0 2.89 2.83 3.14 -0.31 0.064
HFIES (extended) 0 4.02 3.99 4.13 -0.14 0.562
Dietary diversity (24 h) 0 6.76 6.84 6.39 0.45 <0.001
Dietary diversity (7 days) 0 9.09 9.07 9.16 -0.09 0.457
Vitamin A-rich foods (24 h) 0 2.57 2.60 2.46 0.14 0.074
Vitamin A-rich foods (7 days) 0 3.94 3.92 4.03 -0.11 0.172

Mediating outcomes
Number of livestock species kept 0 1.69 1.68 1.76 -0.08 0.215
Number of food crops produced 0 5.06 5.15 4.67 0.48 0.001
Food crop area (ha) 0 8.64 8.74 8.20 0.54 0.405
Cotton area (ha) 0 3.47 3.87 1.64 2.23 <0.001
Cotton income (million FCFA) 3 0.54 0.59 0.31 0.28 <0.001
Household revenue (million FCFA) 2 2.25 2.49 1.15 1.34 <0.001

District <0.001
Kandi 0 0.56 0.53 0.74 -0.21
Pehunco 0 0.24 0.28 0.03 0.26
Glazoué 0 0.20 0.19 0.23 -0.04

Observations 1247 1024 223

Notes: HFIES = Household Food Insecurity Experienced Scale; P-values of continuous variables are obtained by
two-sample t-tests for equality of mean values and P-values of binary variables are obtained by Pearson’s χ2-tests for
equal proportions.

conventional households. However, there is no significant difference between organic households

and conventional households with regards to dietary diversity or the number of vitamin A-rich

food groups consumed over seven days. Moreover, on average, organic households produce sig-

nificantly fewer food crops than conventional households. Finally, the average land area cultivated

with cotton by organic households is less than half the average land area cultivated with cotton

by conventional households; the average income from cotton farming of organic households is
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roughly half the average income from cotton farming of conventional households; and the average

household revenue (as proxy for household income) of organic households is less than half of the

average household revenue of conventional households. All three of these differences are highly

statistically significant.

4.2 Impact estimates

Table 2 presents OLS and IV estimates of the effect of adopting organic farming on our six in-

dicators of food and nutrition security based on two alternative specifications (with and without

the inclusion of WTP) as well as results of diagnostic tests of these regression analyses.11 As the

F-statistics of the tests for irrelevant or weak instruments are much larger than ten, we conclude

that our instrument is highly relevant. Furthermore, the falsification test proposed by Di Falco

et al. (2011) does not find a statistically significant influence of the instrument on the outcome

variable in any of our regression models, which indicates that there is no evidence of a correlation

between the instrument and the error term in these regression models.12 Hence, we conclude that

our instrument is valid.

In four of the twelve regression analyses (original HFIES with WTP variable, extended HFIES

with and without WTP variable, and consumption of vitamin A-rich foods over seven days without

WTP variable), the Hausman test indicates that OLS estimates are biased, while this test does not

provide evidence against the unbiasedness of the remaining eight OLS estimations.

None of the OLS or IV estimations without the WTP variable indicates a statistically signifi-

cant effect at the 5% level on any of our six indicators of food and nutrition security. However, if

we include the WTP variable for controlling for heterogeneity between organic and conventional

households, which is not accounted for in traditional control variables, both the OLS and IV es-

timates indicate that adopting organic farming statistically significantly increases food insecurity

(both original and extended HFIES) and reduces the dietary diversity score over 24 hours and the

11Complete results of these regression analyses are presented in Tables S13 to S18 in the Appendix.
12The complete regression results of the falsification tests are presented in Tables S6 and S7 in the Appendix.
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number of vitamin A-rich foods consumed over 24 hours. No statistically significant effect is

found regarding the dietary diversity score over seven days or the number of vitamin A-rich foods

consumed over seven days.

In order to assess the economic significance of the estimated effects, we visualize the esti-

mated effects presented in Table 2 along with their confidence intervals and the variation of the

observed values of the respective outcome variables in Figure 2. In addition, this figure assesses

the robustness of the regression results by presenting the sensitivity to omitted variables for two

different values of Rh as described in Section 3.5,13 estimates excluding observations from the

district Péhunco, which has a very low prevalence of organic farms,14 and estimates excluding

observations from villages that are dissimilar to villages with organic farming (i.e., only including

observations from villages with organic farming and villages that are similar to these villages as

explained in Section 3.1)15.

As already suggested by Table 2, Figure 2 confirms that regression models that use the WTP

variable to account for heterogeneity indicate that adopting organic farming statistically and eco-

nomically significantly increases food insecurity (both original HFIES and extended HFIES).

While some model specifications indicate that adopting organic farming neither statistically nor

economically significantly affects the dietary diversity score over 24 hours or the number of vita-

min A-rich foods consumed over 24 hours, some other model specifications indicate that adopting

organic farming has a small negative effect on these two indicators of nutrition security. Finally,

all of our regression models indicate that the adoption of organic farming has neither a statistically

nor a economically significant effect on the dietary diversity score over seven days or the number

of vitamin A-rich foods consumed over seven days.

13These bounds and bounds for two additional values of Rh are also presented in Table S4 in the Appendix.
14Complete results of regression analyses without observations from the district Péhunco are presented in Tables S25

to S30 in the Appendix.
15Complete results of regression analyses excluding observations from villages that are dissimilar to villages with

organic farming are presented in Tables S37 to S42 in the Appendix.
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Figure 2: Estimated effects of organic farming on outcomes
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Notes: The gray vertical bars indicate the distribution of the values of the respective outcome variable in our data set.
The vertical black line indicates the mean value in the sample. The axis on the right-hand side indicates the estimation
method, where a “A” indicates an estimation with all observations, a “P” indicates an estimation without observations
from Pehunco district, an “S” indicates an estimation with only observations from similar organic and conventional
cotton growing villages, a “_” indicates an estimation without WTP as a control variable, a “+” indicates an estimation
with WTP as a control variable, an “o” indicates an OLS regression, a “b” indicates Oster bounds based on the OLS
regression, and an “i” indicates an IV regression. For each OLS or IV regression, the thick part of the horizontal line
indicates the 50% confidence interval and the thin part of the horizontal line indicates the 95% confidence interval
for the outcome of an average farm that adopts organic farming. For each set of Oster bounds, the thick part of the
horizontal line indicates the bounds for Rh = R+(R−Rs) and the thin part of the horizontal line indicates the bounds
for Rh = 1. Hence, horizontal lines on the left-hand side of the vertical black line indicate that adopting organic
farming reduces the outcome variable, while horizontal lines on the right-hand side of the vertical black line indicate
that adopting organic farming increases the outcome variable. When an OLS estimator is rejected by a Hausman test
at the 5% significance level, the corresponding horizontal line is gray instead of black.
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4.3 Pathways

We examine how organic farming might affect food and nutrition security by analyzing the effects

on six mediating outcomes. Table 3 summarizes OLS and IV estimates of the effects of organic

farming on our six mediating outcomes with two alternative specifications (with and without the

inclusion of WTP) along with diagnostic tests of these regression analyses.16 The F-statistics

of the tests for weak instruments are much larger than ten, which indicates that our instrument

is highly relevant. Moreover, the falsification test suggested by Di Falco et al. (2011) does not

find a statistically significant influence of the instrument on the mediating outcomes in any of

our regression models, suggesting the absence of correlation between the instrument and the error

term.17 Hence, we conclude that our instrument is valid.

Hausman tests indicate that OLS estimates are biased in four of the twelve regression analyses

(food crop area without WTP, and number of livestock species, cotton income, and household

revenue with WTP), while OLS estimates do not significantly differ (at the 5% level) from IV

estimates in the remaining eight estimations.

While the IV estimation with the WTP variable indicates a positive and statistically significant

(at the 5% level) effect of organic farming on the number of livestock species, no statistically

significant effect can be found on the number of food crops produced in any of the OLS or IV

estimations. In contrast, all OLS and IV estimations with and without WTP find a positive and

statistically significant (at the 1% level) effect of organic farming on the land area cultivated with

food crops and negative and statistically significant (at the 10% level for the IV estimation with

WTP for household revenue and at the 1% level for the remaining eleven estimations) for the land

area cultivated with cotton, income from cotton farming, and household revenue.

Analogously to Figure 2, Figure 3 visualizes the confidence intervals of the estimated effects

along with the variation of the observed values for assessing the economic significance of the

16Complete regression results are presented in tables S19 to S24 in the Appendix.
17Complete regression results of the falsification tests are presented in Tables S8 to S11 in the Appendix.
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estimated effects as well as their sensitivity to omitted variables18 and their robustness to using

two different sub-samples19.

Figure 2 confirms results in Table 3 that adopting organic farming has no or a slightly positive

effect on the number of livestock species, no economically significant effect on the number of crops

produced but a clearly positive effect on the land area cultivated with food crops, and substantially

negative effects on the land area cultivated with cotton, income from cotton farming, and household

income.

5 Conclusion and policy implication

The prevalence of organic farming and other sustainability standards is becoming increasingly im-

portant around the globe. While a plethora of studies investigates the effects of organic farming on

agronomic and economic aspects of smallholder farming in developing countries, only very lim-

ited and descriptive evidence exists on its implications for food and nutrition security. In this study,

we have analyzed the effects of organic farming on farm households’ food and nutrition security.

As failure to properly deal with unobserved characteristics may lead to biased estimates, we use

the following three distinct approaches to addressing potential omitted variable biases: (i) using

a control variable that captures a household’s marginal utility of (or willingness to pay for) the

adoption of either organic or conventional farming practices (see Verhofstadt and Maertens, 2014;

Bellemare and Novak, 2017; Ruml and Qaim, 2021), (ii) the approach suggested by Oster (2019)

for checking the sensitivity of our estimates to unobserved heterogeneity, and (iii) instrumental

variable regression.

Our findings suggest that the adoption of organic farming increases food insecurity by a statisti-

cally and economically significant magnitude. Hence, the adoption of organic farming is expected

to jeopardize the food security of the respective farm households, at least when circumstances are

18The bounds for two additional values of Rh are presented in Table S5 in the Appendix.
19Complete results of regression analyses without observations from the district Péhunco are presented in Tables S31

to S36, while complete results of regression analyses excluding observations from villages that are dissimilar to vil-
lages with organic farming are presented in Tables S43 to S48 in the Appendix.
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Figure 3: Estimated effects of organic farming on mediating outcomes
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Notes: See notes below Table 2.

similar to those of the farmers in our empirical analysis. While we do not find a statistically or eco-

nomically significant effect on dietary diversity or the number of vitamin A-rich foods consumed

within seven days, the adoption of organic farming tends to decrease dietary diversity and the num-

ber of vitamin A-rich foods consumed over 24 hours. This indicates that the adoption of organic

farming tends to decrease the frequency of the consumption of some food categories, including vi-
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tamin A-rich foods, from daily consumption to less frequent (e.g., weekly) consumption. In spite

of the intention of sustainability standards to generate positive welfare impacts, we find that adopt-

ing organic farming practices jeopardizes food security and tends to reduce the nutritional quality

of the diets of the involved farm households. These results corroborate those of Meemken and

Qaim (2018), who point out that organic farming is not a panacea for sustainable agriculture and

food security and emphasize the need for smart combinations of organic and conventional farming

practices to achieve sustainable agriculture.

Our analysis of how organic farming effects food and nutrition security indicates that the adop-

tion of organic farming reduces household income due to reduced income derived from cotton

farming caused by less land cultivated with cotton. On the other hand, adopting organic cotton

farming increases the land area cultivated with food crops, but this is not sufficient to counteract

the lower income derived from cotton farming, perhaps due to lower crop yields from organic

farming compared to conventional farming. Finally, we do not find a noteworthy effect of adopting

organic farming on the diversity of crop or livestock production, which rejects the hypothesis that

organic farming improves dietary diversity due to more diverse production.

While the adoption of organic farming probably has several positive effects on welfare as a

result of, e.g., improved environmental and water quality, increased biodiversity, reduced contam-

ination of food by pesticides, and improved occupational safety, our results suggest that the many

policies and programs that promote organic farming in developing countries may well have un-

intended undesirable side effects on the participating smallholder farmers. We recommend that

governments, NGOs, donors, international corporations, etc. that promote organic farming or

implement schemes for organic farming in developing countries analyze how their policies and

programs affect the participating households’ food and nutrition security (e.g., with RCTs) so that

these stakeholders as well as farmers and consumers (e.g., in rich countries) can make informed

decisions. Furthermore, the results of these analyses may indicate how policies and programs can

be designed to avoid unintended and undesirable effects on the participating farmers’ food and

nutrition security.
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Although each of the three strategies that we used to address omitted-variable biases has some

potential weaknesses, together they indicate that our results are robust to various potential mis-

specifications. To obtain even more reliable estimates of the effects of adopting organic farming

on food and nutrition security as well as on other livelihood indicators, future studies could use

panel data sets that allow for estimation methods that take unobserved heterogeneity into account.

Alternatively, future studies could use randomized controlled trials (RCTs).
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Appendix

A Pathways

As visualized in Figure 1 in the main part of the paper, the most important intermediate variables

and the most important direct effects along these pathways are:

• Cotton price: Certified organic farmers receive a price premium for their cotton, while

there is usually no price premium for other organically produced crops in our study area.

Hence, assuming that transaction costs do not differ between organic and conventional farm-

ers, we expect that adopting organic farming increases the price received for cotton, i.e.,

V(cotton) (M(cotton),1,zm) > V(cotton) (M(cotton),0,zm) ∀M(cotton) > 0, while it has no effect on

the price of other crops, i.e., Vi (Mi,1,zm) =Vi (Mi,0,zm) ∀Mi with i ̸= (cotton).

• Use of fertilizers and pesticides: The application of inorganic fertilizers and synthetic pesti-

cides is usually highly profitable for conventional farmers, particularly in cotton production,

but to a lesser extent in the production of food crops, while organic farmers are not allowed

to apply these inputs, i.e., X(inorganic fertilizers) = X(synthetic pesticides) = 0 for all organic farmers,

while X(inorganic fertilizers) > 0 and X(synthetic pesticides) > 0 for most conventional farms.

• Labor intensity: As organic farmers are not allowed to apply synthetic pesticides, they need

to manually weed their fields and use alternative crop protection measures, which are much

more labor-intensive than spraying herbicides and other pesticides, we expect that adopting

organic farming substantially increases the optimal labor intensity X(labor)/X(land). Given

that conventional farmers use much more pesticide on cotton fields than on fields culti-

vated with other cash crops and food crops, the increase in the optimal labor intensity is

expected to be much greater for cotton, i.e., X(labor | cotton)/X(land | cotton), than for food crops,

X(labour | food crops )/X(land | food crops), where X( j | i) indicates the quantity of good j that is used

as input to produce good i.
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• Crop rotation: As organic farmers are not allowed to apply inorganic fertilizers and synthetic

pesticides, i.e., X(inorganic fertilizers) = X(synthetic pesticides) = 0 for all organic farmers, they often

have a wider crop rotation to reduce pest pressure and they cultivate leguminous crops for

nitrogen fixation.

• Number of food crops cultivated: As organic farms often have a wider crop rotation than

conventional farms, we expect that adopting organic farming increases the number of dif-

ferent crops produced, i.e., ∑i∈{(crops)} I (Qi > 0), where I (·) is an indicator function that

returns 1 if its argument is true and zero otherwise.

• Number of livestock species kept: As organic farmers are not allowed to apply inorganic

fertilizers, i.e., X(inorganic fertilizers) = 0, they often keep a variety of livestock species in order

to obtain manure to fertilize their fields. Hence, we expect that adopting organic farming

increases the number of different livestock species kept, i.e., ∑i∈{(livestock)} I (Qi > 0), where

I (·) is an indicator function as defined above.

• Yield of cotton and food crops: As organic farmers are not allowed to apply inorganic fertil-

izers and synthetic pesticides, i.e., X(inorganic fertilizers) = X(synthetic pesticides) = 0 for all organic

farmers, they usually obtain lower yields than conventional farmers (e.g., De Ponti et al.,

2012; Jouzi et al., 2017) even with a higher labor intensity, i.e., we expect that adopting

organic farming decreases the yields Qi/X(land | i) of cotton and food crops, i.e., all goods i

with Qi > 0. As conventional farmers use much more inorganic fertilizer and pesticide on

cotton than on food crops, the decrease in the cotton yield is expected to be greater than the

decrease in the yield of food crops.

• Cotton land area: The higher price of organic cotton compared to conventional cotton may

encourage farmers who adopt organic production to increase the area that they cultivate

with cotton. However, given that the adoption of organic farming substantially increases the

labor intensity of cotton farming and that organic farming requires a wider crop rotation, we

expect that the adoption of organic farming decreases the optimal land area cultivated with
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cotton x(land | cotton), particularly as the labor and land markets (not only in our study area) are

plagued by various types of market imperfections.

• Area cultivated with food crops: Given that the adoption of organic farming increases, to

some extent, the labor intensity of the production of food crops, one may expect that adopting

organic farming also reduces the area cultivated with food crops by some extent. However,

given that adopting organic farming is expected to decrease the land area cultivated with

cotton and to widen the crop rotation, and that the effect of adopting organic farming on the

labor intensity is much less for food crops than for cotton, the adoption of organic farming

may also increase the area cultivated with food crops, particularly as the land market in our

study area is plagued by market imperfections. Hence, the adoption of organic farming may

decrease or increase the area cultivated with food crops.

• Production of cotton: Given that adopting organic farming decreases cotton yields and re-

duces the optimal land area cultivated with cotton, we expect that adopting organic farming

decreases the production of cotton Q(cotton).

• Cotton production costs: the adoption of organic farming reduces the costs of inorganic

fertilizers and synthetic pesticides to zero, but organic farmers sometimes purchase organic

fertilizers and/or bio-pesticides. Given the smaller cotton area but higher labor intensity, the

costs of hiring laborers may decrease, increase or remain unchanged, e.g., at zero if only

family labor is used. Hence, the total costs of cotton production (not including opportunity

costs of land and family labor) may decrease or increase.

• Cotton income: Given that adopting organic farming is expected to decrease the produc-

tion of cotton but to increase the price received for the produced cotton, the revenue from

selling cotton V(cotton) (M(cotton),D,zm) may decrease or increase. As the costs of producing

cotton may also decrease or increase, the income from cotton farming may also decrease or

increase.
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• Production of food: Given that the adoption of organic farming decreases yields of food

crops and may either decrease or increase the optimal land area cultivated with food crops,

adopting organic farming will often decrease food production but may, in some cases, in-

crease (the value of) total food production, e.g., measured as the market value of the produced

foods if they are all sold, i.e. ∑i∈{(food crops)}Vi (Qi,D,zm). (We expect that the adoption of

organic farming will affect the production of different food crops in various ways because we

expect that organic households cultivate crops that corresponding conventional households

do not cultivate, i.e., for these crops the production will increase from Qi = 0 to Qi > 0.)

• Household income: Given that the income from cotton farming cotton may increase or de-

crease, and the income from selling surplus food crops may also increase or decrease, adopt-

ing organic production may also increase or decrease household income.

Finally, food and nutrition security probably depends on the amount of food produced, the number

of different food crops cultivated, the number of different livestock species kept, and household

income.

B Data collection

We collected village-level characteristics (e.g., type of road, total number of households, number of

conventional cotton farmers, number of organic cotton farmers, importance of cotton production,

access to water sources, etc.) in all villages in the three selected districts. We used these village-

level characteristics to select three groups of villages. First, we selected all 25 villages in the

three districts that have organic cotton farming in order to select a sufficiently large number of

organic cotton farmers for our survey. Second, we used genetic matching to select a group of

25 villages with only conventional cotton farming that have similar village-level characteristics to

the 25 villages that produce organic cotton. Finally, we used a search algorithm to select a third

group of 25 villages that produce only conventional cotton and that, together with the two other

groups of villages, provide a representative sample of all cotton growing villages in each of the
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three districts based on the collected village-level characteristics. The advantage of this sampling

strategy is that it allows us to: (i) select a sufficiently large number of organic cotton growing

households, (ii) select conventional cotton growing households in our survey who live in villages

without organic cotton production that are comparable to villages with organic cotton production,

and (iii) ensure that our survey is conducted in a representative sample of villages in each of the

three districts. In each of the 75 selected villages, we conducted a census in order to obtain lists of

all households that are engaged in organic cotton production and conventional cotton production,

respectively, including the location and mobile phone number of each household.

Our aim was to select approximately 1,400 households for the survey and to distribute this

number among the three selected districts in proportion to the total number of cotton growing

households in each of the respective districts. In order to obtain a sufficiently large number of

organic cotton growing households in our sample, we aimed to have 30% organic cotton grow-

ing households and 70% conventional cotton growing households in our sample from each district.

However, this was not possible in Pehunco due to the very small number of organic cotton growing

households in this district. Based on the total number of organic and conventional cotton growing

households in each district, this procedure resulted in sampling intensities of 75%, 100%, and 55%

for organic cotton growing households and around 8%, 11%, and 8% for conventional cotton grow-

ing households in Kandi, Pehunco, and Glazoué, respectively. We used these sampling intensities

and the lists of conventional and organic cotton cultivating households obtained in our census to

randomly select households for the survey in each of the selected villages.

We collected data in 73 villages instead of 75 villages. Two selected villages in Glazoué district,

one in the second group and one in the third group, had so few cotton farmers that the number of

cotton growing households that should be surveyed, based on our sampling design, rounded to

zero. One selected village in Kandi district was inaccessible at the time of the survey, so that

the six cotton growing households in this village that should have been interviewed, could not

be reached. Given that in Pehunco district, a hamlet in the first group of villages became an

independent village when the household survey was being conducted, we sampled the households
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as planned in the entire original village but in our data set, we consider the households in the hamlet

that became an independent village to be in a newly established village.

Given that we had the location and mobile phone number of each household and that we had

explained the importance of our project to the households, we were able to interview almost all

households that were selected for the survey. The few households that could not be reached or

that did not want to participate in the survey, were replaced by other randomly selected households

from the same strata. We interviewed 1,361 cotton growing households, of which we use 1,247 for

the empirical analysis presented in this paper, including 223 organic and 1,024 conventional house-

holds.

We excluded 17 households that produced both organic and conventional cotton, 11 households

with missing values in key variables such as household composition, type of cotton production and

productive assets, 78 organic cotton growing households that were not certified organic produc-

ers (i.e., organic cotton growing households that had adopted organic production less than three

years previously or had been excluded because they had violated the requirements for organic cer-

tification), seven landless households (in order to obtain a homogeneous sample of land-owning

households and to allow us to log-transform the land-ownership variable), and one household with

an extreme value (almost four times greater than the second largest value in the data set) of the total

land area owned (in order to obtain a more homogeneous sample of small-scale and medium-scale

cotton farmers and to avoid a potentially influential observation from a different type of farmer).

C IHS transformation of variables

We transformed variables with very right-skewed distributions that also included zero and/or neg-

ative values (so that the log-transformation cannot be applied) by the inverse hyperbolic sine (IHS)

function, i.e., ỹi = arcsinh(yi) = log
(

yi +
√

y2
i +1

)
(see, e.g., Johnson, 1949; Burbidge et al.,

1988) to obtain variables with more symmetrical distributions and fewer extreme values because

this often fulfills the assumptions required for OLS regressions to a higher degree and makes the
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results less sensitive to individual observations (see, e.g., Wooldridge, 2016, p. 172). However,

given that regression results are not invariant to the units of measurement for IHS-transformed

variables, we chose the unit of measurement for IHS transformed variables (i.e., food crop area,

cotton income, and distance to the nearest market) by the method suggested by Aïhounton and

Henningsen (2021). Using several diagnostic criteria, we decided to measure the food crop area

in 10 ha, cotton income in ten thousand FCFA, and the distance to the nearest market in km (see

Appendix Section G.9). We used the method suggested by Bellemare and Wichman (2020) to

calculate the semi-elasticities of IHS-transformed outcome variable with respect to organic cotton

farming by:

ε̃(yik/Di) =
sinh

(
α̂k + β̂k + γ̂ ′k Ei + εik

)
sinh

(
α̂k + γ̂ ′k Ei + εik

) −1 (S7)

=
sinh

(
ỹik + β̂k (1−Di)

)
sinh

(
ỹik − β̂kDi

) −1, (S8)

where ỹik is the mean value of the IHS-transformed variable.

D Standard errors of semi-elasticities of adopting organic

farming

We applied the Delta method to calculate approximate standard errors of the semi-elasticity of

organic farming. The formulas used in this section are adjusted from Aïhounton et al. (2021).
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D.1 IHS-transformed dependent variables

For IHS-transformed dependent variables, we calculated approximate standard errors of the semi-

elasticities of organic farming (as defined in equation (S8)) by:

se
(
ε̃(yi/Di)

)
=

√√√√∂ ε̃(yi/Di)

∂

(
β̂k)

) VAR
(

β̂k

) ∂ ε̃(yi/Di)

∂

(
β̂k

) (S9)

with:

∂ ε̃(yi/Di)

∂

(
β̂k

) =
(1−Di)cosh(ζ1)sinh(ζ2)−Di sinh(ζ1)cosh(ζ2)

sinh(ζ2)
2 (S10)

and

ζ1 = ỹi + β̂k (1−Di) (S11)

ζ2 = ỹi − β̂kDi (S12)

so that ε̃(yi/Di) = sinh(ζ1)/sinh(ζ2)−1 and we get:

se
(
ε̃(yi/Di)

)
=

(
(1−Di)cosh(ζ1)sinh(ζ2)−Di sinh(ζ1)cosh(ζ2)

sinh(ζ2)
2

)
se
(

β̂k

)
(S13)

D.2 Log-transformed dependent variables

For log-transformed dependent variable, ỹi = ln(yi), we calculate the semi-elasticities of adopting

organic farming by:

ε̃(yi/Di) = exp(βk)−1 (S14)
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and we apply the Delta method to calculate the approximate standard errors of these semi-

elasticities:

se
(
ε̃(yi/Di)

)
=

√
∂ ε̃(yi/Di)

∂ (βk)
VAR(βk)

∂ ε̃(yi/Di)

∂ (βk)
(S15)

with:
∂ ε̃(yi/Di)

∂ (βk)
= exp(βk) (S16)

so that we get:

se
(
ε̃(yi/Di)

)
= exp(βk)se(βk) , (S17)

where se(βk) =
√

VAR(βk) is the estimated standard error of β .

E Bounds of coefficient stability

We use the approach suggested by Oster (2019) to assess whether our estimates are robust to

omitted variables. The first step of this approach is a so-called “short regression” without any

control variables:

yik = α
s
k +β

s
k Di + ε

s
ik, (S18)

where the superscript s indicates that the parameters and the error term are part of this “short”

regression model. As a second step, we formulate a hypothetical regression model based on our

equation (6), which additionally includes a set of unobserved explanatory variables Ti which are

correlated both with our outcome variables yik and the treatment variable Di such that:

yik = α
h
k + γ

h
k
′Ei +β

h
k Di +ψ

h
k Ti + ε

h
ik, (S19)

where ψh
k is a vector of parameters and the superscript h indicates that the parameters and the error

term are part of this hypothetical regression model. If the unobserved variables Ti could be ob-

served and were used as additional explanatory variables, the hypothetical regression model (S19)

would give unbiased estimates of the average treatment effect (β h
k ). Under some assumptions
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specified by Oster (2019), the bias-adjusted estimate of the effect of organic farming on food and

nutrition security indicators can be obtained by:

β̂
h
k = β̂k −δk

[
β̂

s
k − β̂k

] Rh
k −Rk

Rk −Rs
k
, (S20)

where—as in Oster (2019)—Rs
k denotes the R-squared value of the short regression model (S18),

Rk denotes the R-squared value of the main regression model (6), Rh
k denotes the (assumed) R-

squared value of the hypothetical regression model (S19), and δk is the (assumed) value of the co-

efficient of proportionality of observable and unobservable characteristics. We derive bias-adjusted

estimates of the treatment effect β̂ h
k based on the assumption of equal selection on observable and

unobservable characteristics (δk = 1) for four different values of Rh
k : Rh

k = 1.25Rk, Rh
k = 1.50Rk,

and Rh
k = Rk +

(
Rk −Rs

k

)
as suggested by Bellows and Miguel (2009) as well as Rh

k = 1, i.e., as-

suming no omitted variables in the hypothetical regression model (S19). We define the bounding

sets as ∆k = [β̂ h
k , β̂k] and consider an estimate to be robust to potential omitted-variable biases if

the bounding set excludes zero (i.e., β̂ h
k and β̂k have the same sign).

Table S4 presents the bounding sets for four different values of the assumed R2-value of the hy-

pothetical regression model (S19), i.e., Rh
k , as well as 99.5% confidence intervals of the coefficients

of organic farming for all six outcome variables and for specifications both with and without WTP.

Irrespective of whether we include WTP, all bounding sets of the coefficients of organic farming

for all outcomes exclude zero (Table S4). As suggested by Oster (2019), we additionally check

whether the bounding sets calculated with Rh
k = 1.25Rk lie within the 99.5% confidence intervals

of the estimated coefficients. As this is the case for all coefficients, we conclude that our model

specifications are robust to potential omitted variable biases. These results substantiate our other

results that indicate that organic farming increases both the original and the extended household

food insecurity experience scale (HFIES) and reduces the household dietary diversity score and

the number of vitamin A-rich food groups consumed over 24 hours.
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Table S5 presents the bounding sets and 99.5% confidence intervals for the mediating outcome

variables that correspond to those for the outcome variables presented in Table S4. Almost all

bounding sets for mediating outcome variables exclude zero. The only two exceptions are the

bounding sets for the coefficient of organic farming on the number of livestock species estimated

without WTP and calculated with Rh
k = Rk +

(
Rk −Rs

k

)
and Rh

k = 1, respectively. Moreover, the

bounding sets calculated with Rh
k = 1.25Rk lie within the 99.5% confidence interval of the estimated

coefficients for all mediating outcomes. Overall, we conclude that our estimates are robust to

omitted variable biases, i.e., organic farming increases the area cultivated with food crops, while it

reduces the area cultivated with cotton, cotton income and household revenue.

F Exogeneity of the instrumental variable

In this section, we discuss whether our instrumental variable, i.e., the proportion of organic cotton

farming households in a village could be correlated with omitted variables that affect the outcome

variables through pathways that are not blocked by the control variables Ei. For instance, the

proportion of organic cotton farming households in a village may depend on, e.g., the suitabil-

ity of agro-ecological conditions in the village for organic farming, employment opportunities in

the village20, and infrastructure such as access to markets, health facilities, and main roads. NGOs

promoting organic farming may prefer to introduce organic farming in villages with previous expe-

rience with the adoption of sustainable farming practices (e.g., organic fertilizers and biopesticides,

etc.), which may have affected land productivity and, thus, food security, given that evidence ex-

ists about the productivity gains associated with, for instance, the adoption of organic fertilizers

(e.g., Hörner and Wollni, 2022). These NGOs may also promote organic farming in locations with

stronger leadership in order to accelerate the adoption and diffusion of this production method.

However, villages with stronger leadership may have high food security because farmers may be

20In villages with fewer employment opportunities, organic cotton farming may be an attractive income-generating
activity, particularly for resource-poor households and people (e.g., women) as organic farming is labor-intensive and,
thus, requires relatively few resources (e.g., land) per labor unit.
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better informed about innovative farming technologies and may adopt them in order to improve

household food security. It is also worth noting that organic farming could be promoted especially

in villages with abundant labor, fertile land, or fallow land because organic farming requires more

labor and is more dependent on good soil fertility than conventional farming and because land that

has not been exposed to chemical inputs over the past three years can be used to produce certified

organic cotton without a two-year transition period. The availability of labor, fertile land, and fal-

low land may also be related to food production and, thus, food security in the village, which may

violate the exogeneity assumption of our instrumental variable. However, we argue that all the

above-mentioned potential channels from the instrumental variable to the outcome variables that

might violate the exogeneity assumption are probably ‘blocked’ by the control variables Ei (see

Section 3.6 in the main part of the paper for details).
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G Additional tables

Additional tables are presented on the following pages.

G.1 Falsification tests proposed by Di Falco et al. (2011)
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G.2 Results of Probit estimations for adopting organic farming

Table S12: Probit regression results for adoption of organic farming

Organic
Organic Farming (Yes/No)

Sex of household head (1=male) −0.44∗∗ (0.21)
Age of household head (years) 0.01 (0.01)
Education of household head (years) 0.0001 (0.02)
Literacy (1=literate) 0.19 (0.16)
Experience in agriculture (years) 0.01 (0.01)
Household size 0.01 (0.02)
Dependency ratio 0.07 (0.30)
log(total land owned (ha)) −0.52∗∗∗ (0.11)
Distance to closest market (IHS, km) −0.02 (0.08)
Main road is tarred road (1=yes) −0.13 (0.19)
log(Distance to health facility (km)) 0.003 (0.06)
log(Household assets (million FCFA)) 0.07 (0.07)
Arrondissement-fixed effects Yes
Share of Organic households 0.12∗∗∗ (0.01)

Observations 1,247
Log Likelihood -306.99
Akaike Inf. Crit. 667.99

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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G.3 Results of main regression models for outcome variables (with and

without WTP variable)
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G.4 Results of main regression models for mediating outcome variables

(with and without WTP variable)
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G.5 Results of regression models for outcome variables excluding data from

the district of Pehunco (with and without WTP variable)
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G.6 Results of regression models for mediating outcome variables excluding

data from the district of Pehunco (with and without WTP variable)
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G.7 Results of regression models for outcome variables with observations

only from similar organic and conventional villages (with and without

WTP variable)
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G.8 Results of regression models for mediating outcome variables with ob-

servations only from similar organic and conventional villages
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