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A B S T R A C T

In this paper, we investigate whether and how a more steady supply of foodgrain in local markets impacts the nutritional status (measured with body-mass-indexes) of
both children and adults, in a context characterized by large seasonal fluctuations in the price and availability of foodgrain. Taking advantage of the random scaling-up
of a program of Food Security Granaries in Burkina Faso, we reach three conclusions. First, especially in remote areas where local markets are thin, the program
considerably dampens nutritional stress. The effect is strongest among children, and young children in particular, for whom deficient nutrition has devastating long-
term consequences. Second we argue that it is a change in the timing of food purchases, translated into a change in the timing of consumption, that drives the
nutritional improvement. A simple two-period model shows that, once we account for various forms of storage costs, an increase in nutrition does not necessarily
require larger quantity of food purchases or even consumption. Our last and unexpected conclusion is that the losses associated with foodgrain storage do not stem
from physical losses in household granaries but rather from inefficient seasonal bodymass fluctuations. One plausible mechanism behind this particular storage
imperfection rests on the households’ urge to consume readily available foodgrain.
1. Introduction

Awell-known problem that afflicts many poor and isolated rural areas
is seasonal fluctuations in prices, food availability and incomes (Faf-
champs, 1992). Due to economic and physical isolation, market inte-
gration is weak in the sense that local price variations and problems of
foodgrain availability are not significantly dampened by broader market
forces (see, for example, De Janvry et al., 1991; Renkow et al., 2004;
Barrett, 2008). These seasonal fluctuations in prices and food availability
have dramatic consequences on health and nutrition, children's nutrition
in particular (Behrman, 1988, 1993; Sahn, 1989; Branca et al., 1993;
Dercon and Krishnan, 2000; Vaitla et al., 2009; Bhagowalia et al., 2011;
Abay and Hirvonen, 2016; Hirvonen et al., 2016; Christian and Dillon,
2018). The problem is especially serious because experiences of malnu-
trition early in life have highly detrimental consequences for adults'
health and well-being (Glewwe et al., 2001; Alderman et al., 2006;
Hoddinott et al., 2008; Maluccio et al., 2009; Berg et al., 2016; Dinkel-
man, 2017).1 To the extent that seasonal fluctuations are anticipated by
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households, the question arises as to why households are unable to
smooth their consumption across seasons. A prominent explanation put
forward by economists is a lack of liquidity that prevents farmers from
exploiting intertemporal arbitrage opportunities (Foster, 1995; Stephens
and Barrett, 2011; Burke et al., 2018; Basu and Wong, 2015; Fink et al.,
2014). A lack of access to effective savings and storage devices can have
the same consequences of hindering consumption smoothing (Fafchamps
et al., 1998; Aggarwal et al., 2018).

A recent literature has emerged that evaluates, in randomized-control
settings, the relevance of these financial constraints for poor households
exposed to seasonal price fluctuations. Specifically various authors have
evaluated the impacts of relaxing either credit constraints (Burke et al.,
2018; Basu and Wong, 2015) or saving constraints (Aggarwal et al.,
2018). Overall they find sizable effects of the improved supply of
financial instruments on farm income in contexts where farmers are net
food sellers.

In this paper, we analyze the effects of an intervention that tackles the
problem more directly and in a context where households are net
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2 The recommendation of the program is to set the margin at 500 CFA-F per
bag, corresponding to a moderate 2.5% markup during the year of the
intervention.
3 To disentangle the impacts of the different components of the program, one

would have needed to implement various treatment arms. This was not feasible
not only because the program management opposed such an approach but also,
and more fundamentally, because these components are inherently
complementary.
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foodgrain buyers. It seeks to improve the local supply of foodgrain and to
thereby dampen the seasonality of foodgrain availability and prices.
Operating through a nationwide farmer organization, it consists in
setting up village-level cooperatives in charge of buying grain from
outside sources and selling it locally in poor and isolated areas of Burkina
Faso. The approach followed is thus to smooth the distribution of food-
grain across the territory by directing foodgrain from surplus areas
(where net exports are positive) to deficit areas (where net imports are
positive). We take advantage of a randomized extension of the program
to evaluate its impacts on people's livelihood. Moreover, the occurrence
of a drought caused a severe food stress in the program area during the
years 2011–12, that is during the first year following the program's
extension. Our initial research plan was to collect data during and after
the 2012-13 campaign. To seize the opportunity offered by this adverse
shock, however, we decided to move forward the first endline survey to
the end of 2011–12. A cost associated with this last minute change of
strategy is that we were not able to collect data at mid-year to track
changes in consumption and nutrition between seasons.

Three main conclusions emerge from the analysis. First, the program
has greatly improved the body-mass-index (BMI) of both adults and
children. More precisely, the setting up of a foodgrain selling point in a
village enables to considerably reduce the gap between the BMI-for-age
z-score of children who belong to beneficiary households, on the one
hand, and the WHO standards for a well-nourished population, on the
other hand.

Our second result concerns the pathways to these nutritional im-
provements. We show that rather than increasing the total quantity of
foodgrain purchased and consumed as we would have expected, bene-
ficiary households modified the timing of their purchases. Specifically,
being better insured against the uncertainty of future food availability
and affordability, households delayed their purchases until later in the
season. As a consequence, they limited their home storage of food and the
associated losses. These findings, which came as a surprise to the pro-
gram management, are consistent with a two-period model of food
purchases and nutrition in which storing food is costly.

Our last result is also unexpected: the losses associated with foodgrain
storage do not stem from physical losses in household granaries but
rather from seasonal body-mass fluctuations that are inefficient. On the
basis of rich, non-experimental evidence, we suggest that households
face self-control problems (and to a lesser extent redistributive pres-
sures), which constrain the management of their foodstock. Storing
accessible food at home makes immediate consumption tempting and
causes body mass storing. A new mechanism to improve nutrition, un-
intended by the conceivers of the program, is thus uncovered: by post-
poning food purchases, households are better able to resist the urge to
consume food in the post-harvest period. For a given aggregate con-
sumption level, smaller seasonal variations result in heavier weights
because individuals save the metabolic cost of storing, maintaining and
de-storing body mass (Prentice and Cole, 1994).

This last finding resonates with a recent literature on the effects of
community storage programs: it shows that households are willing to pay
to store their own foodgrain outside of their dwellings in order to escape
kin taxes or self-control problems (Aggarwal et al., 2018; Basu andWong,
2015; Le Cotty et al., 2019). Relatedly, Dillon et al. (2017) argue that the
same type of savings constraints explains why poor households do not
take advantage of bulk discounts. In the case of kin taxes, the source of
storage costs lies in redistributive pressures originating from outside the
household (Platteau, 2000, 2014; Baland et al., 2011; Dupas and Rob-
inson, 2013; Jakiela and Ozier, 2015; Brune et al., 2016). In the case of
self-control, the pressure originates fromwithin the household (or within
the individual self) and prevents an optimal allocation of consumption
across seasons. Interestingly, this issue arises not only in contexts of acute
poverty (Ashraf et al., 2006; Banerjee and Mullainathan, 2010; Bernheim
et al., 2015), but also in rich economies (see DellaVigna, 2009, for a
review, Olafsson and Pagel, 2018, for evidence of “hand-to-mouth”
behavior, whereby individuals over-spend when they receive their
2

pay-check).
The outline of the paper is as follows. In Section 2, we provide details

about the nature of the intervention and the experimental design. Section
3 presents the data and descriptive statistics. In Section 4, we lay out our
empirical strategy before estimating the impacts of the intervention on
food access, nutrition, purchases and consumption. In Section 5, we show
that our set of results is compatible with the predictions of a simple two-
period model where, as in Foster (1995) or Dercon and Krishnan (2000),
an individual's utility depends on her nutritional level (a stock) instead of
(only) her consumption level (a flow). In this model, food can be stored
either in a granary - which entails conventional storage costs - or in the
form of body mass, which causes costs associated with metabolic pro-
cesses. Section 6 proposes further evidence, both quantitative and qual-
itative, to support our interpretation of the underlying mechanisms.
Section 7 discusses the relevance of alternative explanations for our set of
results. Section 8 concludes.

2. Program and experimental design

2.1. The Food Security Granaries program

In the late 1970s, in order to mitigate the food access problem, many
aid organizations and governments widely promoted the creation of
cereal banks. A key objective of these community-based interventions
was to reduce market risks understood as availability risk (food supply
becomes less reliable in times of need) or price risk (food price rises in
times of need). Most of the 4000 cereal banks that were inventoried in
Sahelian countries in 1991 collapsed in the late 1990s owing to
mismanagement, embezzlement of funds, and lack of trade opportunities
(for a review of the problems, see World Bank, 2011). A new generation
of initiatives inspired by the cereal banks has nonetheless developed over
the last two decades. An example of such initiative is the program of Food
Security Granaries (FSG) undertaken in 2002 in Northern Burkina Faso
by the NGO “SOS Faim” and financed by the Belgian Fund for Food Se-
curity (FBSA). It was aimed at revitalizing a network of about 400 former
cereal banks in an area where most households engage in subsistence
agriculture and are net food buyers. Food access is critical, especially in
the rainy season when people engage in heavy agricultural work, grain
stored in family granaries starts to be depleted, food prices tend to
increase, and access to villages becomes more difficult because of
heavy rain (hence the name lean season to characterize this period of
acute stress).

The pillars of the FSG intervention consist of 1) setting up a local,
informal storing and marketing organization whose function is to buy
foodgrain from surplus areas (in the south of the country), store it, and
sell it throughout the agricultural year (to any willing purchaser) at a
price that covers costs and includes a predetermined margin2; 2) mobi-
lizing a network of pre-existing farmer groups to facilitate the shift of
grain from surplus to deficit village communities; 3) providing training
and capacity-building for local management teams, as well as continuous
multi-level technical assistance and close monitoring; 4) granting
(gradually scaled up) annual credit to village organizations so that they
can purchase externally provided foodgrain for sale to local villagers
against cash.3

An important feature of the FSGs is that they are organized as local
antennas belonging to a national federation (called FNGN - F�ed�eration
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Nationale des Groupements Naam) in charge of managing the program.
At the antenna level, a village assembly (called “coordination villag-
eoise”) made of key representatives of the village community appoints
and supervises an executive committee (called “comit�e de gestion”)
tasked with the daily management of the FSG. Thanks to its network
structure, the FSGs can fulfill the first above function effectively. More
precisely, economies of scale can be reaped through the pooling of food
purchases and the collective organization of transportation from surplus
areas. In addition, information regarding local food availability and
prices is easily circulated. Because in our whole study area, most
households are net buyers of foodgrain, the ability of the FSGs to easily
secure foodgrain supplies coming from other parts of the country is
critical for the livelihood of the local villagers.4

The supply of training, monitoring and working capital enhances the
effectiveness of FSGs as food sellers on local markets. Importantly, the
FSGs are required to sell exclusively against cash, and the funds obtained
from the Federation are used only to finance their purchases of foodgrain
and tide over the storing period. A commercial interest (8% in 2011–12)
is charged on the corresponding loans. During a public meeting orga-
nized by the Federation annually, village representatives present and
motivate their demand for funds in front of the central “credit commit-
tee”. Members of the latter then compare this demand to their estimation
of the future foodgrain deficit based on production and population in-
formation collected at the level of the village.5 As a result of this
comparative excercise, and of consultation of the Federation's grassroot
operators, they are able to also assess the management skills of the local
executive committee and the monitoring ability of the village assembly.
Once the loan is disbursed, the Federation checks that the money is used
according to the intended purpose. Future access to loans is strictly de-
nied in the case of failure to comply with the established rules. When
blatant embezzlement occurs, the Federation does not hesitate to sue
perpetrators in court, thus adding external sanctioning to peer pressures.
Because of this organizational and financial support, village granaries
may possess a comparative advantage over the private sector, thereby
enabling them to operate even where and when private merchants are
absent.

To ensure that villagers are well informed about the program, several
meetings are organized not only during the first year of the intervention
but also during each agricultural campaign. The whole village commu-
nity is invited to participate in these meetings in the course of which the
needs of the village and the credit amount requested by the cooperative
are discussed. Furthermore, villagers are informed about the quantity
and delivery date of each stock of foodgrain purchased.

2.2. The experimental design

The program started in 2002, and we took advantage of its scaling-up
in 2011 to evaluate its impact on food security.6 In the area targeted for
gradual scaling-up of the program, the NGO identified eligible villages
that had expressed an interest in the intervention. Among these eligible
villages, 40 were selected to be part of the experimental framework. Half
of them were randomly assigned to the treatment group while the
4 The funds necessary to purchase foodgrain are typically obtained from
livestock rearing and small business activities.
5 This estimation is reasonably precise because signs of a bad harvest are

detectable early: not only irregular (or insufficient) rains but also poorly
developed ears of the grain are directly observable by the villagers. In fact, it is
the onset of the rainy season that is the most critical determinant of the state of
the future harvest.
6 During the period 2002-10 the program succeeded in reaching as many as

300 villages out of the targeted 400 villages belonging to the semi-arid Northern
region of the country. This area had been deliberately chosen by the NGO
because of its chronic vulnerability to climate shocks (droughts) and malnutri-
tion. For our impact study we used the opportunity presented by the extension
of the program to the 100 remaining villages.
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remaining 20 villages, used as control units, were to become part of the
program two years later. Although the number of treated villages is small,
our ability to detect impacts of the program (the statistical power of our
experiment) is quite satisfactory (see Section 3.2).7

The intervention consists in setting up a FSG at the village level with
the purpose of storing and selling foodgrain obtained from surplus areas
located in the southern (non-Sahelian) part of the country. Because the
villages in the study area tend to be isolated and the market share of the
FSG is rather small, we do not expect significant spillovers to neighboring
villages. We assess these two points quantitatively in Section 4.1.

While the operational framework is identical in all villages, the level
of financial support to the FSGs, in the form of credit, varies across vil-
lages and over time, depending on the demand and needs of each village.
The mean credit corresponds to 3150 euros while all credits granted to
the sampled villages were between 1500 and 5500 euros. This variation
in credit amount is not an issue for our identification strategy since we
estimate “intent-to-treat” (ITT) impacts. In other words, we answer
questions such as “does the set-up of a FSG in the village of residence of a
child improve her nutrition?”. Answers correspond to average effects
over a set of villages that may have responded differently to the new
opportunity (some may have seeked/received more credit than others).
We are thus following an approach commonly used in the literature
dealing with the impacts of microfinance in RCT settings (Banerjee et al.,
2015; Ksoll et al., 2016). As long as the randomization was successful, the
comparison between treatment and control villages allows to estimate
the average causal impacts of the FSG intervention on the local
population.

3. Data and descriptive statistics

3.1. Data

Our sample households were surveyed three times during the agri-
cultural years 2010-11 and 2011–12. Fig. 1 presents the timing of the
intervention and the surveys. The first survey was undertaken before the
2011 lean season and the second survey at the end of that season. Both
took place before the announcement of the program and constitute our
baselines. As for the third survey, it was implemented at the end of the
2012 lean season and it coincides with the end of the first year of the
intervention. Our impact assessment relies on Rounds 2 (pre-interven-
tion) and 3 (post-intervention). Round 1 data is used exclusively for
descriptive purposes and to test the parallel trend assumption. We con-
ducted two additional survey rounds in 2012–13. Unfortunately the
renewal of the program turned out to be problematic as the result of
embezzlement, complicating the use of this data for impact evaluation.8

Based on administrative census, 10 households were randomly
selected in each of the 40 villages sampled. The sample thus includes a
total of 400 households, standing for 4750 individuals and about 5
percent of the population studied. Household attrition is low - less than 3
percent - and its causes are known and unrelated to treatment
assignment.

Broad surveys were implemented in Round 1 and more focused
follow-up surveys were used in Rounds 2 and 3. While general infor-
mation about the household was obtained from the household head,
personal information on each adult member and its dependents - e.g.
mother and children - was gathered directly from them. Special attention
7 No pre-analysis plan was registered for this randomized control trial.
8 A grassroot employee of the Federation who was in charge of six villages

stole the money entrusted to him to pay back the village loans. As a result, the
bank denied these six villages the renewal of their loan and the village co-
operatives were asked to pay back their outstanding loan (again). It is note-
worthy that some of these cooperatives complied and re-gained access to the
program. We nevertheless provide estimates of the program's impacts on
nutrition in 2012-13 in the online appendix.



Fig. 1. Timing of the intervention and the surveys.

Table 1
Nutritional outcomes and foodgrain consumption across agricultural cycles (in control villages).

2010–2011 2011–2012 2012–2013

MEAN SD MEAN SD MEAN SD

Panel A: Nutritional Outcomes (Individual level)

19–49 years old adult's BMI 20.78 2.40 20.59 2.37 20.71 2.53
5–18 years old children BMI-for-age z-score �0.96 0.92 �1.04 0.93 �1.06 0.98
0.5–4 years old children BMI-for-age z-score �0.18 0.98 �0.44 0.98 �0.50 1.09

¼ 1 if adults malnutrition (BMI< 18.5) 0.15 0.36 0.16 0.37 0.17 0.38
¼ 1 if 5-18y children's wasting (BMI-for-age<�2) 0.13 0.33 0.16 0.37 0.18 0.39
¼ 1 if 0.5-4y children's wasting (BMI-for-age<�2) 0.03 0.16 0.06 0.23 0.07 0.25

Difference (after-before lean season) in adult's BMI 0.08 1.47 – – �0.74 1.28
Difference in 5-18y children's BMI-for-age �0.97 0.99 – – �0.83 0.90
Difference in 0.5-4y children's BMI-for-age �0.14 1.08 – – �0.37 1.01

Panel B: Foodgrain production, transactions and consumption (Household level)

Foodgrain production (kg/cap) 242.47 145.38 104.66 102.47 158.27 110.45
¼ 1 if foodgrain self-sufficient 0.65 0.48 0.13 0.34 0.42 0.50

¼ 1 if any foodgrain sale 0.02 0.14 0.04 0.20 0.07 0.25
Foodgrain sales (kg/cap) 0.70 5.96 0.61 3.23 2.05 9.53

¼ 1 if any foodgrain purchase 0.33 0.47 0.82 0.39 0.39 0.49
Foodgrain purchases (kg/cap) – – 53.17 45.55 17.99 34.02
¼ 1 if any foodgrain bulk (>100 kg) purchase 0.34 0.47 0.76 0.43 0.38 0.49
Foodgrain bulk (>100 kg) purchases (kg/cap) 10.00 20.22 45.30 43.11 17.59 34.11

Share of sorghum in foodgrain purchases 0.80 0.40 0.68 0.37 0.65 0.45
Share of foodgrain purchased locally (in village) 0.55 0.50 0.40 0.44 0.56 0.49
Annual distance travelled to purchase foodgrain (walking min/bag) 65.11 32.79 95.91 57.90 67.67 59.78
Share of foodgrain purchased to a particular seller because of proximity 0.72 0.45 0.40 0.44 0.48 0.49
Share of foodgrain purchased to a particular seller because of availability 0.23 0.42 0.33 0.42 0.43 0.49
Share of foodgrain purchased to a particular seller because of price 0.03 0.17 0.19 0.33 0.07 0.24

Nominal price paid for 100 kg of foodgrain (in 1000 CFA) 13.98 2.04 19.14 3.36 16.18 2.70
Nominal price paid in post-harvest season 15.64 0.90 19.26 3.13 15.41 2.66
Nominal price paid in lean season 14.01 2.07 19.26 3.97 16.61 2.54
Total expenditures on foodgrain (in 1000 CFA/cap) 1.43 2.90 8.59 8.45 2.87 5.73

Real annual foodgrain disposable (kg/cap) 259.95 179.08 162.08 101.04 167.52 103.64
¼ 1 if real annual foodgrain disposable> 190 kg/year 0.63 0.49 0.28 0.45 0.31 0.46

(1) All figures are calculated on the basis of our sample of 200 households drawn from control villages.
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was paid to agricultural production and food stock management, as they
are key determinants of food vulnerability. All surveys also include a
comprehensive set of questions on food and nutrition. An original section
was designed to gather detailed information on all cereal transactions
made by household members over the agricultural cycle. It includes not
only the timing, quantity and price of each transaction, but also the
characteristics of the seller (type and location) involved and the trans-
action motives. Because households purchase foodgrain mainly in bags of
100 kg, they make only a few transactions over the course of one year and
remember well the details of each transaction. Also, data on diet di-
versity, perception of food access and the quality of meals were collected
at Round 3. In addition, we measured and weighed all individuals
following WHO standards. We were particularly cautious in our identi-
fication of children. To avoid mistakes between rounds, we relied on
detailed information regarding their identity and did not hesitate to use
photographs. Age measurement is particularly difficult in contexts where
parents do not necessarily know the birth dates of their children. We
therefore asked to see birth certificates (the question was repeated at
each round if the certificate had not been shown before). By the end of
the last round, we were able to obtain exact birth date for 48% of the 0–5
years old children (for the 5–18, the proportion is 38%). The spike plots
for weight, height for children confirm that distributions are smooth for
weight and height (online appendix, Figs. 1 and 2). As for age, spikes at
round ages are modest for the 0 to 5 years-old children but more marked
for the 5 to 18 (online appendix, Figs. 1 and 2). Fortunately, while the
measures of BMI-for-age are very sensitive to ages (in months) below 5,
they are less so for later ages. Furthermore, our estimated impact of the
program on nutrition are qualitatively similar if we exclude children for
which we do not have an exact birth date (online appendix, Tables 11 and
12).
3.2. Descriptive statistics, balance tests, attrition and power calculations

Table 1 provides descriptive statistics that help draw a picture of the
context of the intervention.

Nutritional stress— Panel A of Table 1 reports measures of nutritional
status after the lean season and differences in nutritional status before
and after the lean season. The measures used include Body Mass Index
(BMI) for adults and BMI-for-age z-score for children. Because body fat
varies with age and gender during childhood and adolescence, BMI is age
and gender specific. Therefore we use a standardized BMI-for-age z-
score, which is defined as the difference between the value for an indi-
vidual and the median value of a reference (well-nourished) population
9 For children below 5, the reference population comes from the WHO Child
Growth Standard database. It includes a large sample of children from Brazil,
Ghana, India, Norway, Oman and United States. The WHO 2007 Growth
Reference database provides similar information for children between 6 and 18.
When levels of malnutrition are assessed for a population of children and ado-
lescents, BMI-for-age measures are generally preferred to weight-for-height
measures for two main reasons. First, the relationship between weight and
height varies with age so that a similar level of the weight-for-height ratio for
children of different ages may hide important differences in their nutritional
status (Cole et al., 2007 argue that this caveat may explain the poor performance
of measures of malnutrition based on weight-for-height when it comes to predict
mortality). Measures based on BMI-for-age address this concern since they are
based on height and use age-specific benchmarks. Second, the weight-for-height
measure is typically used only for children up to 5 (the World Health Organi-
zation publishes growth standards based on this measure only up to age 5). This
is because, beyond that age, weight continues to increase but height growth
slows down, rendering the measure uninformative. In contrast, BMI-for-age can
be used to estimate thinness in older children and is therefore the only measure
that applies throughout childhood, from age 5 onwards (Flegal et al., 2002; Cole
et al., 2007; Mei et. al., 2002). Note however that the results presented in the
paper qualitatively hold if we use weight-for-height instead, but they are less
significant (online appendix, Tables 10 and 11).
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for the same age and gender, divided by the standard deviation for the
reference population. These constitute objective measures that are sen-
sitive to short-term variations in food consumption. Based on weight and
height (and controlling for age in the case of children), they measure
adiposity - the amount of fat in the body - and are used as a screening tool
to identify individuals who are underweight or suffering from wasting.
According to WHO standards, adults with BMI below 18.5 are under-
weight. Children and adolescents presenting z-score below �2 suffer
from wasting. Following WHO (1995), wasting or thinness “indicates in
most cases a recent and severe process of weight loss, which is often
associated with acute starvation and/or severe disease”. In the case of
young children, we verify that our results hold with measures of nutrition
based on weight-for-height.9

We observe that the incidence of malnutrition varies according to age
category: 15 percent of adults, 13 percent of children between 5 and 18
years, and 3 percent of children aged 4 or younger were initially iden-
tified as underweight. As reflected in changes in both nutritional indices
and prevalence rates between 2010-11 and 2011–12, the nutritional
situation of all individuals deteriorated over the 2011-12 agricultural
year. Moreover, variations in the children's BMI between the period
preceding and the period following the lean season were quite significant
in the years 2010-11 and 2012–13 (last three variables, panel A), sug-
gesting a large seasonal stress including for young children. This is an
important finding given that seasonal energy stresses are considered as a
major contributor to undernutrition (Vaitla et al., 2009).

A drought year— While 65 percent of sampled households produced
enough foodgrain to satisfy their needs over the 2010-11 agricultural
year, only 13 percent of households were in that situation in 2011–12
(Panel B of Table 1). During that same year, purchases amounted to 53 kg
per capita, corresponding to about one-third of annual consumption.10

Tight local market conditions translated into very high prices from the
very beginning of the agricultural year (online appendix, Fig. 1). The
mean price of foodgrain was almost 50 percent higher in 2011-12 than in
the previous year, a rate of increase also observed for other crops (FAO
et al., 2012). Clearly, the timing of our program evaluation coincides
with a drought year and high local food prices, critically raising the po-
tential impact of the intervention.

Buying further away and earlier—As evident from panel B of Table 1,
most cereal transactions take the form of bulk purchases in the form of
100-kg bags. Sorghum is the most important traded foodgrain, far ahead
of millet, maize and rice: in 2010–11, it amounted to 80 percent of all
grain bought. Although households emphasize their preference for
buying close to their dwelling (more on this later), nearly half of their
purchases were made outside their village. In 2011–12, the situation
worsened with only 40 percent of the purchased cereals bought inside the
village of residence. The timing of purchases is another important
dimension of food security. Households buy foodgrain through the
agricultural year with a small peak during the lean season (online ap-
pendix, Fig. 2). In 2011–12, however, a larger proportion of foodgrain
purchased (about two-thirds) was acquired before the lean season. This is
because stocks started to deplete earlier and households bought larger
quantities before depletion of own stock.

Activity of FSGs—Over the agricultural year 2011–12, each FSG sold
an average of 18.1 tons of foodgrain. Our data shows that on average the
FSGs more than fully replenished their foodgrain stock during the
campaign itself. This is because the loan obtained to finance the purchase
of foodgrain by the local cooperative is relatively small compared to local
demand. Once the stock initially purchased by the GSA is sold out, the
proceeds of the activity are immediately used to buy a new stock. This
suggests that local cooperatives do not take full advantage of the
10 Interestingly, very few households are involved in grain sales while those
sales concern negligible quantities (Table 1). This suggests that households
prefer relying on storage rather than on market to smooth consumption within
and across years.
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temporal arbitrage possibilities (buying when the price is the lowest after
harvest and selling throughout the season) but instead restock their
granary when prices are already rising. When analyzing transaction data,
we observe that the FSGs’ overall market share was 14 percent but as
high as 30 percent when only intra-village transactions are taken into
account. Almost one-fourth of the households living in the treatment
villages used the local FSG.11 These two pieces of information indicate
that, although they have not fully substituted for private suppliers, the
village granaries were a significant actor in local food markets during the
initial year of their operation, potentially driving down local prices at the
village level.

Balance tests — Tables 2 and 3 present balance tests on baseline
characteristics and outcomes, respectively. The online appendix (Ta-
bles 1 and 2) present the same for the sample of “no-road villages” for
which heterogenous effects will be observed. A total of 16 villages fall
into this category and they are equally distributed across treatment and
control.12 The tables reveal that there is no significant difference between
treatment and control villages on a large set of village and household
characteristics and that for most outcomes there is no pre-existing dif-
ference between them either.13 It remains that some differences, albeit
not statistically significant, are relatively large. This is most notably the
case for the share of grain purchased locally, which is not surprising since
only a small proportion of households was concerned (recall that the
baseline was collected after a good harvest). In the case of no-road vil-
lages, however, two food access variables exhibit statistically significant
differences, suggesting more precarious food access in the treatment
villages (online appendix, Table 1). The same villages also experienced a
worse season in terms of rainfall, as measured by an end-of-season har-
vest indicator (online appendix, Table 2). As a robustness check, we
verify that our results stand when we systematically control for pre-
existing differences in exogenous time-varying characteristics, such as
indicators of the quality of the agricultural campaign (see Section 4.1).
Finally, because anthropometric indicators were collected twice before
the intervention, we verify that changes in nutritional status across time
are not systematically different between the two types of villages: in
other words, we test the “parallel trend assumption”. We present the
results of this test after introducing our methodology in the next section.

Attrition—While household attrition is very low (see Section 3.1), at
each survey round some individual members of the surveyed households
were absent from the village on the day of the survey. In order to verify
that the program does not lead to differential attrition between control
and treatment villages, we estimate the impact of the intervention on the
probability to be weighted and measured (online appendix, Table 3).
Reassuringly, we find that the program had no effect on the probability to
be weighed and measured.

Power calculation — Despite a limited number of control and treat-
ment villages (a total of 40), power calculations suggest that the exper-
iment allows us to detect economically significant impacts on the main
outcomes of interest. Thus the power to detect an improvement of 0.2
standard deviation in BMI measures is above 80% for all age categories
11 FSGs purchases represent 4.5 percent of total annual consumption in treat-
ment villages.
12 There are 8 no-road villages in the treatment group (77 households) and 8 in
the control group (80 households). As for villages served by a road practicable
during the rainy season, they number 12 in the treatment group (119 house-
holds) and 12 in the control group (117 households).
13 If we compare the distributions of baseline household characteristics using
Kolmogorov Smirnov tests, we can reject differences for 29 out of 33 variables.
We also test for the joint orthogonality of baseline characteristics in regressions
where the treatment is explained by all baseline characteristics. We find that
village characteristics are jointly orthogonal to the treatment status. However, 6
out of 23 household variables are significantly correlated with the treatment,
leading to a rejection of joint orthogonality of household characteristics. Note,
however, that since our empirical strategy is based on difference-in-difference
estimates, we implicitly control for these differences at baseline.
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(online appendix, Table 4). For the other main outcomes of interest
(market and consumption related outcomes), power levels are close to
1.00 for an effect of 0.5 standard deviation (but lower for an effect of 0.2
standard deviation). The comparison of these levels of power with the
sizes of the effects we estimate (Section 4.2) indicates that our experi-
ment is well powered for nutrition and market-related outcomes. As for
consumption and purchases, our point estimates are typically negative,
enabling us to safely rule out even modest increases in these dimensions.

4. Methodology and results

Before investigating the impact of the intervention on various market
outcomes and components of wellbeing, we describe the methodology
used to assess it.
4.1. Methodology

Our main estimation method uses difference-in-difference (DID)
which controls for time invariant unobservable characteristics. DID al-
lows not only to adjust for initial random differences in mean outcomes
across treatment status but also to increase statistical precision, an
important consideration given the limited number of treatment units
(Glennerster and Takavarasha, 2013).14 Specifically, the model we esti-
mate for individual outcomes is:

yijt ¼ β1Pt þ β2TjPt þ τj þ εijt (1)

where yijt denotes the outcome of individual i from village j at time
t 2 f0;1g, Tj is a binary variable indicating the treatment status of village
j, and Pt a binary variable taking value 1 for post-intervention observa-
tions and value 0 otherwise. Village fixed effects are included in the
vector τj. The main coefficient of interest is β2, which captures the causal
effect of the intervention. DID relies on the assumption that, in the
absence of the program, the differences between treatment and control
groups would be the same as at baseline (the “parallel trend assump-
tion”). To verify that this assumption is reasonable, we test whether
control and treatment groups were on the “same trend” before the
intervention. This is done with respect to the anthropometric indicators
for which we have two observations prior to the intervention. Reassur-
ingly, we fail to reject that the treatment and the control groups follow
the same trend (online appendix, Tables 5 and 6).

Another important assumption for the DID to capture the full impact
of the program is the absence of spillover effects from treatment to
control villages. In particular, we could worry about a general equilib-
rium effect going through the foodgrain market: if local markets in
control villages are affected by the FSG operated in the treatment vil-
lages, foodgrain prices would be expected to decrease not only in the
latter but also in the former villages. Note that if this were true, the
impacts we calculate would be underestimated. However, the spillover
effect from treatment to control villages is unlikely in our case.
14 An alternative estimation method relies on an analysis of covariance
(ANCOVA). McKenzie (2012) argues that when the autocorrelation in the out-
comes of interest is low, it may be inefficient to fully correct for baseline im-
balances in a DID framework and more appropriate to control for the past
outcome of each observation. It appears that, for our main outcomes of interest,
i.e. anthropometric measures of nutrition, autocorrelation is notably important,
thus reducing the advantage of the technique. Furthermore, when, for some
households, a specific outcome is observed for one time period only, these
households do not contribute to the estimation of the program's effect. This is
patently the case for purchase transactions: a significant number of households
did not engage in any food purchase in the initial year. For the sake of testing
the robustness of our results, we have nevertheless estimated ANCOVA speci-
fications. As expected, our main results with DID are confirmed, particularly
regarding nutrition effects. For outcomes related to purchases, results are
confirmed but are less significant.



Table 2
Descriptive statistics and balance tests on baseline characteristics.

Treatment (T) Control (C) (T) - (C)

N MEAN SD N MEAN SD DIFF P-VAL

Village-level characteristics

Village population (# individuals) 20 2735.20 3018.77 20 3793.55(4) 6619.97 �1058.35 0.60
Distance to the nearest community health center (km) 20 2.35 3.75 20 3.25 3.60 �0.90 0.43
Distance to the nearest town (km) 20 17.00 7.58 20 15.35 9.68 1.65 0.49
¼ 1 if no road passing through the village 20 0.40 0.50 20 0.40 0.50 �0.00 1.00
Distance to the nearest road (km) 20 3.15 4.76 20 4.25 6.53 �1.10 0.51
¼ 1 if no market place in the village 20 0.50 0.51 20 0.50 0.51 0.00 1.00
Distance to the nearest market place (km) 20 3.50 4.14 20 3.35 4.70 0.15 0.94
¼ 1 if no permanent cereal trader in the village 20 0.70 0.47 20 0.65 0.49 0.05 1.00
Transport cost city-village (in CFA-F/bag of grain) 20 642.50 408.23 20 655.00 377.28 �12.50 0.94
End-of-season harvest indicator (2011 WRSI for sorghum (5)) 20 84.35 9.21 20 87.15 11.12 �2.80 0.36
¼ 1 if 2011 rain started late (in july) 20 0.55 0.51 20 0.50 0.51 0.05 1.00
¼ 1 if 2011 precipitations were less abundant than usual 20 0.95 0.22 20 1.00 0.00 �0.05 1.00

Household-level characteristics

Household (HH) size (# HH members) 200 11.98 5.36 200 11.94 5.92 0.05 0.97
Number of HH members below 14 200 6.18 3.17 200 6.18 3.92 0.00 1.00
¼ 1 if polygamous HH 200 0.62 0.49 200 0.56 0.50 0.06 0.37
¼ 1 if male household-head (HH-H) 200 0.98 0.12 200 0.98 0.12 0.00 1.00
Age of HH-H 200 54.73 13.84 200 54.51 14.34 0.21 0.94
¼ 1 if HH-H native from village 200 0.95 0.22 200 0.92 0.28 0.03 0.27
¼ 1 if HH-H Mossi (main ethnic group) 200 0.90 0.30 200 0.74 0.44 0.15 0.18
¼ 1 if HH-H Muslim (main religious group) 200 0.81 0.40 200 0.79 0.41 0.02 0.89
¼ 1 if HH-H close relative of a village leader 200 0.47 0.50 200 0.43 0.50 0.04 0.57
¼ 1 if HH-H went to formal school 200 0.36 0.48 200 0.38 0.49 �0.01 0.95
¼ 1 if HH-H part of a village organisation 200 0.20 0.40 200 0.20 0.40 0.01 0.93
¼ 1 if house made of concrete wall 200 0.05 0.22 200 0.04 0.20 0.01 0.83
¼ 1 if HH owns a motorcycle 200 0.38 0.49 200 0.45 0.50 �0.07 0.15
¼ 1 if any small business 200 0.54 0.50 200 0.63 0.48 �0.09 0.21
¼ 1 if HH owns some livestock 200 0.97 0.16 200 0.95 0.22 0.03 0.29
Cattle herd size (# of head) 200 20.27 21.14 200 18.63 18.98 1.64 0.47
Surface of land cultivated (Ha/cap) 199 0.28 0.16 192 0.29 0.16 �0.00 0.86
¼ 1 if self-sufficient in cereals over the last 3 years 199 0.39 0.49 198 0.38 0.49 0.00 1.00
2011 cereal production (kg/cap) 196 107.51 118.51 194 107.49 96.11 0.02 1.00
PPI consumption index (6) 200 20.43 6.12 200 21.54 7.25 �1.10 0.30
Annual total expenditures (in 1000 CFA-F/cap) 200 73.84 38.11 200 81.51 39.37 �7.67* 0.08
Share of food expenditures 200 0.73 0.14 200 0.72 0.16 0.01 0.77
Share of health expenditures 200 0.02 0.03 200 0.02 0.07 �0.00 0.67

(1) Missing values are due either to the absence of the respondant or to unavailable information.
(2) P-values reported in the last column are calculated using randomization inference.
(3) Level of significance: *p< 0.10, **p< 0.05, ***p< 0.01.
(4) Higher population size in controls is explained by the presence of a small city in this subsample. Village sizes are about the same in the two groups - on average 2500
inhabitants.
(5) WRSI is a water balance indicator that is used by Food and Agricultural Organization (FAO) and FEWS NET scientists to provide crop yield assessments (for more
details, see Verdin and Klaver, 2002).
(6) The Progress out of Poverty Index for Burkina Faso is a poverty measurement tool based on eight low-cost indicators to estimate the likelihood that a household has
consumption below a given poverty line (for more details, see Schreiner, 2012).

15 Controls include an end-of-season harvest indicator (the water requirement
satisfaction index, WRSI) which is based on rainfall characteristics available at
geo-localized weather stations (the measure is village and time specific) and a
set of dummy variables on self-reported agricultural shocks (drought, flood and
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Households from control villages do not purchase foodgrain in treatment
villages (no household from the control group bought any foodgrain from
a FSG), which is not surprising since villages are not easily accessible in
our study area. Moreover, the 20 treatment villages represent a small
share of the overall regional market.

Because the intervention is implemented at the village level and our
number of villages is limited to 40, we estimate wild-bootstrap standard
errors at the village level (Bertrand et al., 2004; MacKinnon and Webb,
2017). In addition, we systematically provide randomization inference
standard errors, clustered at the village level (Bloom, 2005; Athey and
Imbens, 2017). Given the large number of outcomes we also explore the
robustness of our results through multiple hypotheses tests (Christensen
and Miguel, 2018). Specifically, we build composite indexes by family of
outcomes, distinguishing between food access outcomes, nutrition out-
comes, purchases and consumption outcomes. These are defined as
equally weighted averages of the standardized corresponding outcomes
(using control group averages and standard deviations to standardize).
We estimate the overall impact of the intervention on these indexes
(online appendix, Table 7). Finally, we verify that our results stand when
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we control for pre-existing differences across treatment and control
groups in time-varying (exogenous) characteristics.15

In the following, we start by looking at the impact of the intervention
on food access, measured in terms of local availability and affordability of
foodgrain.

4.2. Proximate impacts: food access

Table 4 (first two columns) and 5 (first two columns) report the
impact of the intervention on availability and affordability using DID
estimations. In both tables, column (2) reports the estimates, allowing for
an heterogenous effect by village remoteness as measured by the avail-
ability of road connections. Because of their isolation, the “no-road
pest attacks). Results barely change (Tables 8 and 9, online appendix).



Table 3
Balance test on outcomes.

TREATMENT (T) CONTROL (C) (T) - (C)

N MEAN SD N MEAN SD DIFF P-VAL

Food access

Share of foodgrain purchased locally 57 0.33 0.48 62 0.55 0.50 �0.22 0.14
Annual distance travelled to purchase foodgrain (walking min/bag) 57 79.02 35.70 62 65.11 32.79 13.91 0.11
Nominal price paid for 100 kg of foodgrain 54 14.19 1.74 60 13.98 2.09 0.21 0.63

Nutrition

19–49 years old adult's BMI 444 20.70 2.28 469 20.78 2.40 �0.08 0.76
5–19 years old children's BMI-for-Age 827 �1.06 0.84 739 �0.96 0.90 �0.10 0.20
0.5–4 years old children's BMI-for-Age 323 �0.24 0.97 342 �0.16 0.96 �0.08 0.41
¼ 1 if adult's BMI< 18.5 444 0.15 0.36 469 0.15 0.36 �0.00 0.99
¼ 1 if 5–19 children BMI-for-age<�2 827 0.13 0.34 739 0.13 0.33 0.01 0.76
¼ 1 if 0.5–4 children BMI-for-age<�2 323 0.04 0.20 342 0.02 0.14 0.02* 0.06

Food purchases and consumption

¼ 1 if HH purchased any foodgrain 199 0.31 0.46 199 0.33 0.47 �0.02 0.86
Total quantity of foodgrain purchased (in 100 kg/cap) 199 0.03 0.05 199 0.03 0.05 �0.00 0.58
Total expenditures on foodgrain (in 1000 CFA/cap) 199 1.34 2.46 199 1.43 2.90 �0.09 0.88
Real annual foodgrain disposable (ln of kg/cap) 198 267.12 136.76 190 259.95 179.08 7.17 0.74
¼ 1 if real annual foodgrain disposable> 190 kg/year 198 0.33 0.47 190 0.37 0.49 �0.05 0.47

(1) P-values reported in the last column are calculated using randomization inference.
(2) Level of significance: *p< 0.10, **p< 0.05, ***p< 0.01.

Table 4
Impact of FSGs on the local availability of foodgrain, consumption and diet diversity.

Availability Consumption Diet diversity

(1) (2) (3) (4) (5) (6)

Share of grain bags bought locally Real annual foodgrain disposable in kg/cap Hoddinott's dietary diversity score

TREAT 0.247* �0.024 �18.771 �34.270 �15.248* �5.470
p-value Wild [ 0.075 ] [ 0.885 ] [ 0.292 ] [ 0.168 ] [ 0.097 ] [ 0.667 ]
p-value RI [ 0.060 ] [ 0.930 ] [ 0.260 ] [ 0.120 ] [ 0.090 ] [ 0.700 ]

TREAT x NO ROAD – 0.614** – 37.800 – �24.692
p-value Wild [ 0.020 ] [ 0.300 ] [ 0.154 ]
p-value RI [ 0.050 ] [ 0.320 ] [ 0.180 ]

Mean in control group 0.40 0.40 162.08 162.08 187.35 187.35
Observations 406 406 780 780 393 393

Total distance travelled per bag (in minutes) ¼1 if real annual foodgrain disposable >190 kg/cap/year IFPRI's dietary diversity score

TREAT �31.256** �7.858 0.083 0.111 �0.005 �0.025
p-value Wild [ 0.019 ] [ 0.543 ] [ 0.215 ] [ 0.251 ] [ 0.959 ] [ 0.803 ]
p-value RI [ 0.000 ] [ 0.550 ] [ 0.210 ] [ 0.240 ] [ 0.910 ] [ 0.780 ]

TREAT x NO ROAD – �52.477** – �0.067 – 0.047
p-value Wild [ 0.027 ] [ 0.624 ] [ 0.772 ]
p-value RI [ 0.070 ] [ 0.590 ] [ 0.720 ]

Mean in control group 95.91 95.91 0.72 0.72 3.96 3.96
Observations 406 406 780 780 393 393

(1) Outcomes in columns (1) and (2) are computed using data on all foodgrain transactions made by the household over the agricultural cycle. Real grain disposable -
column (3) - corresponds to: productionþ purchasesþ gifts in - losses - sales - gifts out. The 190 kg/capita/year threshold used for outcome in column (3) corresponds to
the consumption standard for an adequate diet in Burkina Faso. Outcomes in columns (5) and (6) correspond to food diet diversity scores.
(2) Except in columns (5) and (6) corresponding to simple difference estimations, all other results are obtained through differences-in-differences estimations (using
rounds 2 and 3). P-values reported into brackets correspond to (i) Wild clustered SE and (ii) Randomization inference-based clustered SE.
(3) TREAT corresponds to the interaction between Tj and Pt in Equation (1). The coefficient on TREAT captures the impact of the intervention (β2).
(4) Level of significance based on p-value Wild: *p< 0.10, **p< 0.05, ***p< 0.01.
(5) Mean in control group corresponds to the mean outcome for control group in round 3.
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villages” are more vulnerable to supply scarcities and significant price
increases in times of stress (De Janvry et al., 1991; Newbery, 1991).

Regarding foodgrain local availability, Table 4 shows that the inter-
vention has succeeded in raising the level of activity of local food mar-
kets: the probability that any bag of foodgrain was purchased in the
village increased by 24.7 percentage points (column 1). As shown in
column (2), the impact is mainly driven by villages that are not accessible
8

by road, and where availability of foodgrain for local purchases is criti-
cally important.

The second reported outcome is the average walking distance (in
minutes) per 100 kg bag of foodgrain purchased (columns 1 and 2, panel
2). We measure the number of minutes needed to reach the seller by walk
for each transaction. We find that the FSGs allow to significantly reduce
the annual distance by an average of 31min walk per bag, which



Table 5
Impact of FSGs on the local affordability of foodgrain and on purchases.

(1) (2) (3) (4)

Mean price of 100 kg
foodgrain bags (in 1000
CFA)

¼ 1 if any foodgrain
purchase

TREAT �1.168* �0.069 0.026 0.020
p-value Wild [ 0.076 ] [ 0.911 ] [ 0.646 ] [ 0.770 ]
p-value RI [ 0.060 ] [ 0.930 ] [ 0.650 ] [ 0.760 ]

TREAT x NO ROAD – �2.510* – 0.017
p-value Wild [ 0.062 ] [ 0.897 ]
p-value RI [ 0.140 ] [ 0.940 ]

Mean in control group 19.14 19.14 0.82 0.82
Observations 399 399 791 791

Post-harvest season mean
price of 100kg foodgrain
bags (in 1000 CFA)

Total quantity of
foodgrain purchased (in
100 kg/cap)

TREAT 0.877 �0.399 �0.040 �0.046
p-value Wild [ 0.452 ] [ 0.568 ] [ 0.513 ] [ 0.575 ]
p-value RI [ 0.350 ] [ 0.620 ] [ 0.540 ] [ 0.550 ]

TREAT x NO ROAD – 2.843 – 0.015
p-value Wild [ 0.215 ] [ 0.903 ]
p-value RI [ 0.250 ] [ 0.900 ]

Mean in control group 19.26 19.26 0.53 0.53
Observations 202 202 791 791

Lean season mean price of
100 kg foodgrain bags (in
1000 CFA)

Total expenditures on
foodgrain (in 1000 CFA/
cap)

TREAT �1.403 0.054 �0.828 �0.493
p-value Wild [ 0.108 ] [ 0.946 ] [ 0.475 ] [ 0.734 ]
p-value RI [ 0.100 ] [ 0.990 ] [ 0.470 ] [ 0.720 ]

TREAT x NO ROAD – �3.386* – �0.841
p-value Wild [ 0.055 ] [ 0.728 ]
p-value RI [ 0.120 ] [ 0.720 ]

Mean in control group 19.26 19.26 8.59 8.59
Observations 351 351 791 791

(1) All outcomes are computed using data on all foodgrain transactions made by
the household over the agricultural cycle. Mean price paid per bag is aggregated
at the household level and across the types of grain consumed locally - sorghum,
millet and maize. The three grains are similar in their nutritional content and
price patterns.
(2) All results are obtained through differences-in-differences estimations (using
rounds 2 and 3). P-values reported into brackets correspond to (i) Wild clustered
SE and (ii) Randomization inference-based clustered SE.
(3) TREAT corresponds to the interaction between Tj and Pt in Equation (1). The
coefficient on TREAT captures the impact of the intervention (β2).
(4) Level of significance based on p-value Wild: *p< 0.10, **p< 0.05,
***p< 0.01.
(5) Mean in control group corresponds to the mean outcome for control group in
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corresponds to 167min for the average household: this represents a 36
percent reduction of the annual distance travelled by control house-
holds.16 Again the effect is significantly larger in no-road villages, with a
decrease of 52min per bag.

The intervention of the FSGs has clearly achieved one of its main
goals, which is to bring food closer to rural buyers. That local availability
of foodgrain is a critical concern for households is evident from the fact
that, when asked to motivate their choice of a particular seller during the
year of the intervention, 40 percent of (control) households cited prox-
imity as the main reason (Table 1, panel B). The second most important
reason (33 percent of the cases) is a strong confidence in the actual
availability of foodgrain at the selling point. Interestingly, lower prices
come only third and are cited by as few as 19 percent of households.
Focus group discussions confirmed that households prefer to buy food-
grain closer to their dwelling, because of the gain in time and effort and
also the reduced risk of an unsuccessful transaction. This risk arises when
a villager moves to a nearby market or town to buy foodgrain but returns
empty-handed owing to unavailability of foodgrain or excessive price.

We now turn to the impact of the program on foodgrain affordability,
as reflected in prices (Table 5, first two columns). The dependent variable
in the regressions reported in the first panel is the average price paid by
households for a bag of foodgrain. Foodgrain includes sorghum, millet
and maize. The nutritional content and price pattern are very similar for
the three cereals. Our results hold if we restrict attention to the main
foodgrain consumed (sorghum). In treatment villages, the intervention is
responsible for a significant reduction of the price of foodgrain (1168
CFA-F), corresponding to a 6 percent cut.17 Again, we expect that the
price-reducing impact of the intervention is especially large in remote
villages. This is because remoteness has the effect of isolating a village
from price-dampening market forces in times of supply stress. Evidence
reported in column (2) confirms this expectation: the price reduction
observed in no-road villages is twice as large as in the other villages.

We also consider purchases made in the post-harvest and the lean
seasons separately (columns 1 and 2, panels 2 and 3). As discussed above,
we expect the program to decrease prices especially during the lean
season, when villages are more isolated (because of the rain) and the
availability of foodgrain is more uncertain. This expectation is confirmed
and, in fact, it is only during the lean season that prices are lower in
villages where the program is in place (by 1403 CFA-F, with p-values of
0.108 with wild bootstrapped standard errors and 0.100 with random-
ized inference). Furthermore, the price effect in remote villages is 2.5
times larger than in the whole sample during that season.

In short, the program appears to have stimulated local grain pur-
chases and decreased the price of foodgrain for the local population,
especially during the lean season. This is further confirmed by the impact
of the program on the household-level composite index of market-access
(online appendix, Table 7). A word of caution is nevertheless needed
insofar as our sample is rather small and only a low proportion of
households purchased grain in the initial year, yielding some imbalances
in this outcome at baseline.
round 3.
(6) Post-harvest months are December to April, lean-season months are May to
August.
4.3. Impacts on the nutrition of children and adults

We now turn to the impact of the program on nutrition. We use
measures of nutritional status at both household and individual levels. If
all household members face the same budget and food availability con-
straints, the relevant unit of analysis is the household. In our study area,
however, somemembers (or nuclear groups of household members) have
individual sources of income and prepare individual meals in addition to
16 We obtain this figure by multiplying the time gained per bag and the average
quantity of foodgrain bought by control households (5.4 bags).
17 As local purchases are associated with smaller transaction costs (including
transport cost) the net price difference between treatment and control villages is
higher.
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sharing the collective meals of the household.18 Therefore we also esti-
mate the impact of the program on individuals. A strength of our analysis
lies in the use of objective measures of nutrition based on anthropometric
indicators available for all household members. Specifically, we estimate
the impact of the program on BMI and BMI-for-age (Table 6) and on the
prevalence of malnutrition (Table 7), as explained in Section 3.2. We
distinguish between adults (19–59) and two age groups for children
(5–18 and 0–4). Household-level measures use the average nutritional
18 See Kazianga and Wahhaj (2017) for a description of household organiza-
tion in Burkina Faso.



Table 6
Impact of FSGs on BMI levels.

HOUSEHOLD INDIVIDUAL

(1) (2) (3) (4)

19–49 years old adult's BMI level

TREAT 0.307* 0.078 0.389** 0.108
p-value Wild [ 0.077 ] [ 0.704 ] [ 0.018 ] [ 0.526 ]
p-value RI [ 0.030 ] [ 0.700 ] [ 0.010 ] [ 0.500 ]

TREAT x NO ROAD – 0.573 – 0.681**
p-value Wild [ 0.101 ] [ 0.048 ]
p-value RI [ 0.110 ] [ 0.080 ]

Mean control group 20.58 20.58 20.59 20.59
Observations 736 736 1818 1818

5–18 years old children's BMI-for-age z-score

TREAT 0.175** 0.101 0.196*** 0.150**
p-value Wild [ 0.011 ] [ 0.220 ] [ 0.000 ] [ 0.034 ]
p-value RI [ 0.000 ] [ 0.190 ] [ 0.000 ] [ 0.040 ]

TREAT x NO ROAD – 0.191 – 0.117
p-value Wild [ 0.135 ] [ 0.241 ]
p-value RI [ 0.200 ] [ 0.370 ]

Mean control group �1.05 �1.05 �1.03 �1.03
Observations 747 747 2941 2941

0.5–4 years old children's BMI-for-age z-score

TREAT 0.192* 0.085 0.227** 0.093
p-value Wild [ 0.061 ] [ 0.578 ] [ 0.031 ] [ 0.518 ]
p-value RI [ 0.030 ] [ 0.560 ] [ 0.010 ] [ 0.480 ]

TREAT x NO ROAD – 0.252 – 0.303
p-value Wild [ 0.212 ] [ 0.126 ]
p-value RI [ 0.300 ] [ 0.180 ]

Mean control group �0.40 �0.40 �0.44 �0.44
Observations 635 635 1402 1402

(1) Nutritional outcomes are based on individual anthropometric measures
(weight and height). The dependent variables in columns (1) and (2) correspond
to household averages for the relevant age category.
(2) All results are obtained through differences-in-differences estimations (using
rounds 2 and 3). P-values reported into brackets correspond to (i) Wild clustered
SE and (ii) Randomization inference-based clustered SE.
(3) TREAT corresponds to the interaction between Tj and Pt in Equation (1). The
coefficient on TREAT captures the impact of the intervention (β2).
(4) Level of significance based on p-value Wild: *p< 0.10, **p< 0.05,
***p< 0.01.
(5) Mean in control group corresponds to the mean outcome for control group in
round 3.

Table 7
Impact of FSGs on the prevalence of malnutrition.

HOUSEHOLD INDIVIDUAL

(1) (2) (3) (4)

¼1 if 19–49 years old adult0s BMI< 18.5

TREAT �0.007 0.041 �0.012 0.034
p-value Wild [ 0.811 ] [ 0.268 ] [ 0.647 ] [ 0.250 ]
p-value RI [ 0.880 ] [ 0.180 ] [ 0.620 ] [ 0.170 ]

TREAT x NO ROAD – �0.121** – �0.108**
p-value Wild [ 0.046 ] [ 0.010 ]
p-value RI [ 0.030 ] [ 0.010 ]

Mean control group 0.18 0.18 0.16 0.16
Observations 736 736 1818 1818

¼ 1 if 5–18 years old children0s BMI-for-age<�2

TREAT �0.051* �0.058 �0.044 �0.050
p-value Wild [ 0.063 ] [ 0.146 ] [ 0.104 ] [ 0.180 ]
p-value RI [ 0.090 ] [ 0.130 ] [ 0.140 ] [ 0.150 ]

TREAT x NO ROAD – 0.015 – 0.017
p-value Wild [ 0.752 ] [ 0.696 ]
p-value RI [ 0.770 ] [ 0.710 ]

Mean control group 0.16 0.16 0.16 0.16
Observations 747 747 2941 2941

¼ 1 if 0.5–4 years old children0s BMI-for-age<�2

TREAT �0.080*** �0.079** �0.058*** �0.050**
p-value Wild [ 0.002 ] [ 0.015 ] [ 0.006 ] [ 0.048 ]
p-value RI [ 0.000 ] [ 0.040 ] [ 0.020 ] [ 0.090 ]

TREAT x NO ROAD – �0.003 – �0.018
p-value Wild [ 0.959 ] [ 0.687 ]
p-value RI [ 0.950 ] [ 0.640 ]

Mean control group 0.08 0.08 0.07 0.07
Observations 635 635 1402 1402

(1) Nutritional outcomes are based on individual anthropometric measures
(weight and height). The dependent variables in columns (1) and (2) correspond
to household averages for the relevant age category.
(2) All results are obtained through differences-in-differences estimations (using
round 2 and 3). P-values reported into brackets correspond to (i) Wild clustered
SE and (ii) Randomization inference-based clustered SE.
(3) TREAT corresponds to the interaction between Tj and Pt in Equation (1). The
coefficient on TREAT captures the impact of the intervention (β2).
(4) Level of significance based on p-value Wild: *p< 0.10, **p< 0.05,
***p< 0.01.
(5) Mean in control group corresponds to the mean outcome for control group in
round 3.

19 As discussed in Section 3.2, for this age group we may use weight-for-height
z-scores instead of BMI-for-age z-scores. The results obtained are not very
different in magnitude but they loose their statistical significance (online ap-
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status for all household members in the relevant age category. Below we
comment on the results of the DID estimations at the individual level.
Using household-level measures does not change the conclusions.

The intervention has had a large and positive impact on nutritional
outcomes for both adults and children. The estimated effect for adults
(Table 6, Panel 1) is positive and significant and amounts to 0.39 BMI
point (column 3) which, on average, corresponds to about one-kilo dif-
ference for an individual with mean BMI. Results reported in Table 7
indicate that this average impact does not translate into a significant
effect on the prevalence of underweights among adults (measured as a
BMI lower than 18.5). As for the impact on 5–18 years old children, it is
large and significant. The size of the effect is 0.20 z-score of BMI-for-age
(Table 6, Panel 2, column 3). Since the post-treatment mean z-score for
this age group in control villages is �1, the effect of the program corre-
sponds to a 20 percent reduction in the existing gap with the well-
nourished reference population. Even more important is the impact on
children aged 0 to 4. The impact is 0.23 z-score (Table 6, Panel 3, column
3), which corresponds to a 50 percent reduction in the existing gap
10
between them and the well-nourished reference population. The preva-
lence of malnutrition among 0 to 4 years-old significantly decreased, by
5.8 percentage points, as a result of the intervention (Table 7, Panel 3,
column 3).19

Because experiencing malnutrition in early childhood is detrimental
to both cognitive and physical development, the results for this age group
suggests that the program produced a long-term impact on the well-being
of the target population group. It is possible to check the robustness of
this central finding by using our 2012-13 data, keeping in mind that a
number of villages had been dropped from the program. It is reassuring
that even with this limitation and despite the fact that the year 2012-13
was less climatically adverse than the year 2011-12 year, we find that the
program's intervention has improved the nutrition status of children.
pendix, Table 10).
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More precisely, this improvement is evident for children between 5 and
18 years when the BMI measures are considered, and for both these
children and those between 0.5 and 4 years when the incidence of
malnutrition is considered (online appendix, Tables 13 and 14). As for
heterogeneous effects on nutrition, they are presented in columns 2 and 4
of Tables 6 and 7. The effects of the intervention on nutritional outcomes
for both adults and children appear larger for the no-road villages, albeit
not always significantly.

Taken together, these results reveal that the intervention has
improved the nutritional status of the target population group at the end
of the lean season. This is confirmed by our assessment of the program's
impact on the household-level nutrition index (online appendix, Table 7).
To investigate the pathways to this success, and the nature of the con-
straints faced by the households in their foodgrain management, we now
examine the impact of the program on purchases and consumption
behavior.
4.4. Impacts on purchases and consumption

Foodgrain purchases— Table 5 (columns 3 and 4) provides estimates
of the impact of FSGs on the probability that households buy any food-
grain, on the annual foodgrain quantities purchased, and on total food-
grain expenditure.20 We find that the parameter estimates are small and
not significantly different from zero. In the same line, we observe that the
total expenditure on foodgrain has slightly decreased, albeit not signifi-
cantly. Thus, despite a decrease in prices, households did not increase the
total quantity of foodgrain purchased. This result is especially surprising
because the program improved anthropometric indicators of nutrition.
Before providing explanations for this apparent paradox, we estimate the
effects of the program on foodgrain consumption.

Consumption— To measure consumption of foodgrain over the year,
we use total disposable foodgrain. This is obtained by adding purchases
and gifts received to the quantity produced and then subtracting losses,
sales and gifts made.21 We also compare the disposable foodgrain to the
consumption reference level of 190 kg per capita per year and construct a
binary variable equal to one if the former quantity exceeds the latter. The
overall picture that comes out of Table 4 (columns 3 and 4) is that there is
no clear evidence of an impact of the intervention on food consumption.
The intervention does not significantly increase the disposable foodgrain
or the probability that the latter exceeds the consumption reference level.
In fact, point estimates are clearly negative, allowing us to rule out even
small increases in consumption levels in treatment villages.

Since foodgrain accounts for about 80% of calorie intake in our
context, total disposable foodgrain provides a good approximation of the
calorie intake of targeted households (Cheyns, 1996). This measure,
however, does not capture the micronutrient adequacy of the diet. It may
be argued that, if the program did not increase the quantity of foodgrain
consumed, it may have improved the diversity of the diet. This would
happen if the increase in purchasing power translated into a greater
demand for animal products, vegetables or fruits. We have no complete
information about the total consumption of other food items over the
year of the intervention but we can construct diet diversity scores (DDS)
for the month preceding the survey. This score corresponds to the
number of food groups to which items consumed over this period belong.
We also compute a score capturing the diet composition of the day pre-
ceding the survey but this index is less adequate in our context where
20 Recall that the 2011-12 cycle followed a bad harvest. As many as 80 percent
of the households purchased foodgrain and quantity purchased represented one-
third of annual consumption.
21 While different types of foodgrain are consumed (mainly sorghum, millet
and maize, see above for details), their nutritional content is very similar, both
in terms of total energy and micronutrient content. As a result, we can sum them
up in a unique variable. The results obtained hold if we use other aggregations,
based on prices or exact calorie-contents.
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food diets are very poor (Hoddinott, 1999).22 Simple difference estimates
reported in Table 4 (columns 5 and 6) suggest that the impact of the
program on diet diversity is negative, if anything.23 Because the diversity
measures only cover the month before the survey, we cannot rule out the
possibility that the intervention enabled beneficiary households to
improve their diet at other moments of the agricultural cycle (Savy et al.,
2006). Nevertheless, a monthly survey that we conducted in 2016 for a
sub-sample of the households suggests that this is unlikely. While we do
observe some changes in food diversity at certain times of the year, they
are systematically associated with the temporary availability of some
fruits or vegetables that are not purchased.

The analysis of heterogeneous effects along the dimension of
remoteness leads to a similar conclusion: we do not detect any positive
effect of the FSGs on consumption outcomes.

5. Household food allocation decision in a two-period model

The objective of the intervention was to increase the availability of
foodgrain for sale in the targeted villages and spark a decrease in local
prices, particularly during the lean season. According to this logic, the
program management expected the program to lead to increases in food
purchase, food consumption and the nutritional level of the villagers.
While the impact evaluation confirms that the program had the expected
effects on prices and nutrition, it indicates that food purchase and total
consumption did not increase over the year following the intervention.

Although this set of results may appear puzzling at first sight, mi-
croeconomic theory does not unambiguously predict that total purchase
and consumption increase as a result of a price decrease, when the pos-
sibility of intertemporal household storage and the associated costs are
allowed for. Thus, if households take advantage of lower prices during
the lean season to delay their foodgrain purchases, household storage
losses may be reduced and nutrition may be improved in the absence of
purchases increases.

To illustrate this possibility, we develop a simple two-period model,
where, as in Foster (1995) or Dercon and Krishnan (2000), an in-
dividual's utility depends on her nutritional level (a stock) instead of
(only) her consumption level (a flow). Within this framework, we
investigate the effect of the program on household's nutrition, con-
sumption and purchasing behavior. We perform a basic partial equilib-
rium analysis by focusing on the household's problem of allocating food
consumption across two periods after the realization of the yearly in-
come, when prices are exogeneously set. The absence of general equi-
librium effects was discussed in Section 2. The mode of the intervention
on food markets is represented by a decrease in the food price during the
lean season. While in this simple version of the model there is no un-
certainty, we discuss the effect of introducing price risk in the online
appendix. Finally, because survey respondents repeatedly mentioned the
“pressure to consume readily available food” as an important constraint
on food stock management, we also analyze the effect of
time-inconsistent preferences arising from a self-control problem (online
appendix). Both extensions complicate the basic model but strengthen
the predictions obtained below.

We consider a household whose utility depends on its nutritional
status in period t, Nt, and the consumption of a numeraire, Ot, and is
additively separable in both arguments: U(Nt) þ V(Ot). To derive
analytical expressions for our main variables of interest, we use the
following functional form: UðxÞ ¼ VðxÞ ¼ x�ρþ1

�ρþ1, with ρ> 1 (as in Dercon
22 Following Steyn et al. (2006), we distinguish between nine food groups: (1)
cereals, roots and tubers, (2) vitamine-A rich fruits and vegetables, (3) other
fruits, (4) other vegetables, (5) legumes and nuts, (6) meat, poultry and fish, (7)
fats and oils, (8) dairy, (9) eggs.
23 We rely on simple differences because we do not have information about
diet diversity in the baseline survey.
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and Krishnan, 2000a).24 There are two periods: a dry, post-harvest season
(t¼ 1) succeeded by a rainy, lean season (t¼ 2). The household enters
period 1 with a nutritional status N0. Its problem is to intertemporally
allocate food consumption to maximize: U(N1) þ V(O1) þ δU(N2) þ
δV(O2), where δ is a discount factor.

We follow Foster (1995) (and Dercon and Krishnan, 2000) by
modelling the nutritional status as a stock or durable, and specifying the
nutritional status in period t 2{1, 2} as:

Nt ¼ εNt�1 þ Ct (2)

This equation indicates that if the nutritional status increases with cur-
rent period consumption (C1 or C2), it is also dependent on the nutritional
status in the previous period, where ε is a retention coefficient, with
0� ε< 1, that captures the depreciation of the nutrition stock between
periods.

For the sake of simplicity, we assume that households' own produc-
tion is nil, which forces them to rely on externally provided food for their
entire consumption in the two periods.25 In period 1, the household
consumes the food bought on the market, m1, minus the quantity stored
for period 2's consumption, denoted by F. In period 2, food consumption
is equal tom2, the quantity bought on themarket, plus the quantity stored
in period 1, duly discounted to account for physical storage losses
(0� α� 1).

Food availability constraints are:

C1 ¼ m1 � F
C2 ¼ αF þ m2

Combining the two equations and the non-negative stock constraint,
we can write:

αC1 þ C2 ¼ αm1 þ m2 (3)

C1 � m1 (4)

As for the budget constraint, we assume that the household has an
exogenous income Y, which is obtained in period 1 only. Y can be saved
(saving is denoted by S, with 0� S� Y) and will yield a return of rS in
period 2.26 The market price for food is P1 in period 1 and P2 in period 2,
with P2> P1 to account for the price increase between the two seasons.
The budget constraints in periods 1 and 2 are, respectively:

P1m1 þ Sþ O1 � Y
P2m2 þ O2 � rS

The two constraints are linked together through S and can be com-
bined in a single expression (assuming that the first constraint binds):

rP1m1 þ rO1 þ P2m2 þ O2 � rY (5)

Depending on the relative prices of foodgrain in periods 1 and 2, the
24 By choosing a constant risk aversion utility function, we automatically as-
sume a constant elasticity of intertemporal substitution (equal to 1

ρ). To avoid an
unreasonably high elasticity of intertemporal substitution we restrict attention
to ρ> 1.
25 Introducing foodgrain production would not bring additional insights as
long as we would restrict attention to net grain buyers (the vast majority of
households in our study area) and consider consumption and production de-
cisions to be separable. Obviously predictions may change if we use a non-
separable household model instead. We choose to abstract from the produc-
tion side of the story because of the timing of our evaluation: since we analyze
only short-term impacts, a potential response (or non-response) of local food-
grain production cannot materialize. Bear in mind that the GSAs were put in
place after harvest only (and without any announcement during the preceding
year).
26 Note that r may not correspond strictly to an interest rate, if redistributive
pressures operate that have the effect of discounting the amount of savings. In
this case, r can be smaller than 1.
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household decides to buy food in both periods (Case 1), or in the first
period only (Case 2). In the latter case, the household stores foodgrain in
a household granary in period 1 for consumption in period 2.

Case 1: low second-period price, P2 � rP1
α .

When P2 < rP1
α , the household buys food in period 2: m2� 0. The

intertemporal allocation of nutrition is now characterized by the
following equation (details are provided in Appendix 1):

UNðN1;O1Þ
δUNðN2;O2Þ ¼

rP1

P2
� ε (6)

This expression features the role of the carryover effect from nutrition
in period 1 (the body mass storing effect). This effect reduces the cost of
nutrition in period 1 relative to period 2. Note that the interior solution
where m2> 0 and C2> 0 requires that ε < r P1

P2
: the carryover effect must

not be too large.27

Case 2: high second-period price, P2 > rP1
α .

When P2 > rP1
α , it follows that m2¼ 0. At equilibrium, the inter-

temporal allocation of nutrition becomes (see Appendix 1):

UNðN1;O1Þ
δUNðN2;O2Þ ¼ α� ε (7)

This expression has a similar interpretation as (6), except that the
price ratio is replaced by α. Given that there is no purchases in period 2,
the relevant cost of consuming in period 1 rather than waiting until
period 2 is the retention coefficient diminished by the carryover effect. If
storage losses increase relative to the effectiveness of body mass storing,
the marginal utility of nutrition must decrease in period 1 relative to
period 2. This implies that the nutrition level will be boosted in period 1
compared to period 2.

Let us now look at the effects of a decrease in P2. When P2 decreases,
the condition P2 � rP1

α becomes more likely to be satisfied, implying that
the household will be more likely to buy food in the second period
(m2> 0), and less likely to rely on body mass or household storage.
Furthermore, provided m2> 0, a decrease in P2 increases the nutrition
level in period 2 while the nutrition level in period 1 may decrease. The
total quantity consumed across the two periods may also decrease: the
household resorts less to body mass storing and more to immediate
purchases in order to boost nutrition. Because “losses” incurred in the
process of body mass storing (ε< 1) are saved, the total quantity
consumed and purchased (across the two periods) may actually go down
when P2 decreases.

These results are summarized in the following proposition:

Proposition 1. A marginal decrease in P2:

1. Increases nutrition in the lean period, N2.
2. Increases food consumption in the lean period, C2, and purchases in the

same period, m2.
3. Produces ambiguous effects on the total quantity of food purchased, m1 þ

m2, and the total quantity of food consumed, C1þ C2. These effects depend
on the storage technology:
(a) In the absence of body mass storing (current nutrition depends on

current consumption only, ε ¼ 0), total food consumption
27 In what follows we restrict attention to cases where consumption is positive
in both periods, implying that the effectiveness of body mass storing as
measured by ε is never high enough to enable a household to achieve a mini-
mum nutritional level without consuming some food during the current season.
Formally, we assume that either one of the two following conditions must hold:
ε < r P1

P2
or ε< α.



Fig. 2. Impact of FSGs on quarterly foodgrain purchases.
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unambiguously increases but total food purchases may decrease if
there are storage losses in the household granary.

(b) In the presence of body mass storing (current nutrition depends on
current and past consumption), both total food purchases and total
food consumption may decrease and these effects may happen even
with zero physical storage losses.

In short, while a decrease in P2 generates expected intertemporal
effects on nutrition, it does not automatically cause aggregate con-
sumption and purchase to increase over the whole year. In the presence
of physical storage losses in the granary, increased purchase in the second
relative to the first period allows the household to reduce the quantity of
food wasted in storage. When there is body mass storing, a similar
mechanism can make even total consumption go down: a fall in P2 drives
N2 to increase relative to N1, and the household can decrease its reliance
on body mass storing and the associated losses. In this case, the total
quantity of food consumed - as well as total food purchases - may fall
despite an improvement in N2 (Fig. 5 in the online appendix illustrates
this possibility). To the left of P�2 ¼ rP1

α , a decrease in the lean period price
causes total food consumption (and total food purchases) to initially
decline and, beyond a point, to increase.28 To sum up, because it allows
the household to reduce losses caused by storage, whether it occurs
through physical storage or body mass storing, intertemporal redistri-
bution of food purchases and consumption following a decline in the
second-period price may go hand in hand with a fall in aggregate food
purchases, m1 þ m2, and an improvement in lean period nutrition, N2.
When body mass storing is present, this increase in total nutrition may
occur even though total consumption, C1 þ C2, is declining.

6. Discussion

The predictions of the two-period model presented above are
consistent with our empirical results. In the presence of storage losses,
total purchases may not increase even though foodprices decrease in the
lean season (Proposition 1). Furthermore, when we allow for the possi-
bility of body mass storing, we find that nutrition may be improved at the
end of the lean season even though total food consumption has not
increased (Proposition 1). This is because households can modify the
timing of purchases and consumption over the year, and therefore avoid
the losses associated with body mass storing.

As mentioned in the introduction, the opportunity of a severe drought
motivated our decision to move forward the first endline survey, at the
cost of preventing us from collecting seasonal data on consumption and
nutrition. Hence our inability to formally establish the program's
dampening effect on seasonal nutritional fluctuations. Furtunately,
however, we can estimate the impact of the program on the timing of
purchases and we have a wealth of experimental and non-experimental
evidence confirming that households face constraints when they store
foodgrain and engage in body mass storing. In seeking to understand the
nature of these constraints, we discovered that physical storage losses are
not a great concern among the local households whereas losses arising
from self-control problems (and to a lesser extent, redistributive pre-
sures) appear to be more serious. We now review this evidence in detail.
6.1. Impact of the intervention on the timing of purchases

The model predicts that a decrease in foodgrain price during the lean
season prompts households to increase purchases during that season (and
to decrease purchases during the post-harvest period). In order to
investigate the impact of the intervention on the timing of purchases, we
rely on three measures. The first measure consists of the quantities of
foodgrain purchased in each quarter of the intervention year. The second
28 The corresponding levels of nutrition, N1 and N2 are plotted on Fig. 6 in the
online appendix.
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corresponds to the number of months during which a household holds a
stock of self-produced foodgrain in the granary located inside its com-
pound. The third relies on two variables, one binary and the other
continuous, that capture purchases made before the depletion of self-
produced grain. These two variables measure the extent to which
households delay the purchase of foodgrain. Indeed, foodgrain purchased
is always consumed first so that, if a household makes purchases before
the depletion of its self-produced grain stock, it extends the duration of
this stock. Own production is stored on the ear, while purchased food-
grain is always bought and held in the form of grain inside the house-
hold's main dwelling. Because grain deteriorates faster than ears, the
foodgrain purchased is always consumed first, thereby making own stock
last longer. A critical observation is that anticipatory purchases have
been made by the majority of households: as many as 65 percent of them
started to purchase foodgrain while their granary was not yet empty (in
the control villages).

Fig. 2 compares quarterly purchases in treatment and control villages,
reporting the results of a negative binomial regression on the per capita
quantities purchased by quarter.29 We see that households in treatment
villages bought less in the second but more in the third quarter than
households in control villages. It looks as if the former decided to shift
purchases from the second to the third quarter. The difference between
the two purchasing time patterns is not statistically significant, though.

Turning to the second measure, we expect that households in treat-
ment areas depleted their own stock faster than control households (and
delayed their purchases). This expectation is confirmed in Fig. 3. For all
control and treatment households, the left panel reports the cumulative
distribution of the duration of own stock, as assessed by themonth during
which the household's own stock was reported to have been depleted.
The right panel reports the same statistic but only for households living in
no-road villages. For both the complete sample and the sample restricted
to no-road villages, the cumulative distribution for the control group
first-order stochastically dominates the distribution for the treatment
group. Kolmogorov-Smirnov tests confirm that the differences across
these distributions are statistically significant. Compared to households
in control villages, the granary of households in treatment villages was
emptied at an earlier date (month), and this difference persisted
throughout the entire year. We also estimate the impact of the program
on the duration of own stock in a regression framework. Table 8 (panel 1)
reports the results, which indicate that the intervention appears to have
shortened the duration of own stock, yet not in a statistically significant
way.
29 By using a negative binomial regression, we account for the Poisson struc-
ture of the quarterly data and the high proportion of zero entries.



Fig. 3. Impact of FSGs on the cumulative distribution of own stock depletion.

30 A back-of-the-envelop calibration suggests that the magnitude of the impact
on nutritional status after the lean season is easily compatible with a more
efficient timing of consumption, unaccompanied by an increase in the total
quantity consumed. Thus, one additional kilogram gained before the lean season
is completely lost after a period of 5 months if no compensatory energy is
consumed in the meantime for its maintenance (for a moderately active woman,
FAO, 2001). By smoothing weight over this period, such a loss can be avoided
and a net gain can be obtained.
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Finally, concomitantly to a shorter duration of stock, we expect that
the intervention had the effect of reducing anticipated purchases un-
derstood as purchases made before the depletion of own stock. Table 8
(panels 2 and 3) broadly confirms this prediction. On the extensive
margin, households in treatment villages appear less likely to make
anticipated purchases than households in control villages, but the effect
is only statistically significant in no-road villages. On the intensive
margin, the intervention substantially and significantly reduced the
quantities bought before own stock depletion: households in treatment
villages decreased their anticipated purchases of foodgrain by 9 kg per
capita, which represents a 29 percent decrease. It is noticeable that the
impact is nearly twice as large in no-road villages as in the full sample.

6.2. The timing of purchases, the timing of consumption, and body mass
variations

As pointed out earlier, while we have measures of the timing of
purchases, we have no indicator of fluctuations in consumption or body
mass over the year. However, we can provide non-experimental evidence
showing that the timing of purchases is correlated with body mass fluc-
tuations. For a reason already explained, we visited the households only
once during the year of the intervention. However, we made two visits
during the previous and the following years (2010-11 and 2012–13).
These data reveal reveals that the delaying of foodgrain purchases is
associated with less body mass fluctuations. Specifically, the variation in
adult body mass for households who purchased cereals after depletion of
own stock is significantly smaller than the variation for households who
made anticipated purchases. The same significant difference is observed
when, instead of comparing households which did or did not make
anticipated purchases, we use a continuous variable consisting of the
quantities purchased before stock depletion. We find that anticipated
purchases (made before stock depletion) are associated with higher body
mass indices before the lean season but similar body mass indices after
the lean season, implying a higher variation in body mass compared to
the other households (online appendix, Table 15). These findings suggest
that because it induced households to limit their anticipated purchases,
the program may have caused a reduction in body mass fluctuations.
14
Following this line, a better timing of cereal purchases appears as an
effective way to smooth the food consumption pattern over the year and,
hence, to dampen body mass fluctuations. This conclusion is supported
by the analysis of the relationship between the timing of purchases and
the quantity of food prepared at home in the subsample of households
surveyed monthly in 2016. Controlling for the annual foodgrain dispos-
able, households prepare significantly more food right after they made a
purchase (online appendix, Table 16). In short, postponing purchases
until the need arises in the lean season helps stabilize nutrition.30

To test this interpretation the best way possible, we returned to the
field to conduct follow-up workshops in both treatment and control vil-
lages (with a total of 15 individuals during June 2015). We used boards
to allow individual participants to illustrate their stock management and
consumption strategies (online appendix, Fig. 8). Specifically they were
given twelve cards representing the monthly rations available for their
household: eight of themwere quantities drawn from their own stock and
the four remaining cards corresponded to purchases. They were then
asked to allocate these cards month by month so as to allow us to visu-
alize the timing of their purchases. Afterwards, participants were invited
to justify their choice. A striking outcome of this exercise was the
emergence of two neatly differentiated time patterns: one in which
purchases occurred rather early, that is, before the lean season, and the
other in which they occurred later (online appendix, Fig. 9). Revealingly,
local availability of foodgrain during the lean season came out as the
most important concern guiding their choice. Subsequently, in the light
of their purchase pattern, participants were asked to indicate month by
month the daily quantities of foodgrain prepared by their household.



Table 8
Impact of FSGs on anticipated purchases.

SIMPLE DIFFERENCE

ACROSS NO ROAD

(1) (2)

Timing of food storage

Number of months before own stock depletion
TREAT �0.626 �0.028
p-value Wild [ 0.177 ] [ 0.945 ]
p-value RI [ 0.130 ] [ 0.950 ]

TREAT x NO ROAD – �1.510
p-value Wild [ 0.180 ]
p-value RI [ 0.130 ]

Observations 393 393

Timing of food purchases

¼1 if any foodgrain purchased before own stock depletion
TREAT �0.058 0.023
p-value Wild [ 0.347 ] [ 0.779 ]
p-value RI [ 0.360 ] [ 0.730 ]

TREAT x NO ROAD – �0.204*
p-value Wild [ 0.090 ]
p-value RI [ 0.130 ]

Observations 393 393

Quantity of foodgrain purchased before own stock
depletion (100kg/cap)

TREAT �0.093* �0.028
p-value Wild [ 0.079 ] [ 0.779 ]
p-value RI [ 0.070 ] [ 0.730 ]

TREAT x NO ROAD – �0.165
p-value Wild [ 0.122 ]
p-value RI [ 0.130 ]

Observations 393 393

(1) All results are obtained through simple difference estimations (using round
3). P-values reported into brackets correspond to (i) Wild clustered SE and (ii)
Randomization inference-based clustered SE.
(2) Level of significance based on p-value Wild: *p< 0.10, **p< 0.05,
***p< 0.01.
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Their choice was restricted to three possibilities: a big, a medium and a
small bowl. The main lesson here is that households who purchased
earlier also tended to consume greater quantities during the months of
purchases.31
32 A possible worry is that we implicitly assume that visitors are opportunistic
consumers who free ride on the abundant stock of fellow villagers. The reality
may be more complex as the visitors may also be consumers under stress who
6.3. The nature of storage losses

The model introduced in Section 5 suggests that the storage tech-
nology plays a critical role in the household intertemporal allocation of
nutrition. If storing in granaries is costly, body mass accumulation may
be an attractive alternative. Yet physical losses in household granaries
turn out to be much less important than we expected: only 1.5 percent of
households in the sample declared that they had suffered any loss due to
physical storage problems, and the quantities concerned were always
small (never more than 5 percent). This result echoes the findings of a
recent World Bank Report (World Bank, 2011) and the evidence reported
31 Fig. 10 in the online appendix illustrates two canonical patterns. In the left
panel, the household purchases early and consumes relatively large quantities of
food before the lean season. In the right panel, by contrast, purchases are
delayed and consumption improves later in the year when agricultural work is at
its highest.
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in Kaminski and Christiaensen (2014) and Burke et al. (2018), according
to which losses in household granaries are very limited in dry climates.

Body mass storing involves costs associated with storing and de-
storing and also with the maintenance of a larger body mass (Dugdale
and Payne, 1987; Branca et al., 1993; IFPRI, 2015; Prentice and Cole,
1994). If physical storage losses are limited, why would households
engage in body mass storing? While investigating this question during
our follow-up workshops, we received an answer stressing the fact that
large stocks are difficult to protect from the demands of visitors or
household members themselves. Regarding the first type of demand, they
indicated that large household stocks signal abundance and attract so-
licitations. In particular, visitors are likely to stay longer where stocks are
larger. How strong is this effect is a question we can handle with our data:
while treatment households did indeed receive fewer visits of people
staying and eating in the household, the effect is not quantitatively
important (online appendix, Table 17, panel 1). In our empirical analysis,
we have actually accounted for these visits when computing the quantity
of grain consumed by household members. As we know, we did not find a
significant effect of the program on the quantity of food consumed per
capita (see Table 4, columns 3 and 4). We therefore conclude that even
though there may exist a mitigating impact of FSGs on redistributive
pressures, it is not significant enough to explain our results.32

Let us now turn to the second type of demand, that arising from
within the household itself. More specifically, if household members find
it difficult to refrain from consuming food that is readily accessible and in
apparent (albeit temporary) abundance, body mass storing results from a
present-bias (or self-control) problem. The problem is expected to be
especially acute when people go hungry. As a solution to this “urge-to-
consume” problem, households may use delayed purchases as a
commitment device to avoid “overconsumption” in the post-harvest
season. Interestingly, by extending our basic model (online appendix),
we show that in the presence of present bias a decrease in the lean-period
price is actually more likely to induce a decrease in total consumption
and total purchase of foodgrain. During in-depth individual interviews
conducted after our workshops, interviewees recurrently mentioned and
documented how the temptation to quickly consume foodgrain within
easy reach drives their consumption time pattern. Such temptation ap-
pears to be especially strong among mothers who cannot bear the sight of
their children going hungry: “we are the ones who have to calm down the
children when they cry of hunger during the night”, said one of the
interviewed women. Revealingly, household heads admitted that in such
circumstances it is hard for them to oppose their wife (wives). Limiting
household storage by delaying purchase helps avoid this form of self-
control. Indeed, buying at a GSA typically involves large quantities
(bags of 100 kg) of foodgrain and a planning of purchases (the GSA is
opened only during a few hours per week). By contrast, the urge to
consume in times of acute needs operates through the withdrawal of
marginal quantities of foodgrain that are almost instantaneously
consumed.

Similar explanations have been recently advanced to explain the
behavior of farmers when an intervention provides them with outside-of-
the-home storage facilities. A striking illustration is found in the afore-
mentioned study of Aggarwal et al. (2018) who have conducted a ran-
domized impact evaluation of such an intervention in Kenya. They
want to benefit from informal insurance through their social network. To test for
the latter, we have estimated the impact of the program on the probability to
receive a food transfer when a negative shock has occurred (negative shock is a
binary variable equal to 1 if the village is in the bottom quartile of the end-of-
season indicator). Although the sign of the interaction between treatment and
the shock binary variable is negative, the coefficient is not significantly different
from zero.
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conclude that escaping both redistributive pressures and present-bias is a
major consideration behind the strong impact that they find.33 In the
specific context of Burkina Faso, a directly relevant literature concerns
inventory credit programs (warrantage). Providing credit against the
deposit of cereals in community granaries, these programs aim at relax-
ing the farmers’ liquidity constraint and avoiding the costly “sell low, buy
high” behavior. However, pressure-to-consume and redistributive pres-
sure appear to be major issues. The study of Le Cotty et al. (2019) pre-
cisely concludes that present-biased farmers in Burkina Faso use
inventory credit as a commitment device to avoid over-consumption
during the post-harvest season. Recent technical reports from various
other programs point to the same interpretation. Ghione et al. (2013)
note that 17 percent of bags stored in community granaries belong to
producers who did not request a loan yet paid for the storage. It is
therefore the ability to store food outside of the compound that seems to
enable households not only to reduce the quantity of food consumed by
the family itself but also to escape the social pressure from other mem-
bers of the community.34 Finally, for Coulter (2014), households view
warrantage as a form of forced savings and as a way to withdraw part of
their harvest from the sight of their close kin or to avoid the temptation to
sell cereals to finance weddings, baptisms, funerals, etc. The same
interpretation comes out of a report by Garrido and Sanchez (2015).

Let us sum up our story. As a result of the program, households feel
more secure in their access to foodgrain: they believe that foodgrain will
be readily available throughout the year, at reasonable prices, and within
rather short distances. To describe their feeling of security, people use a
colourful expression: the program has brought them “the peace of the
heart” (la paix du coeur). Feeling less anxious about future availability of
foodgrain, they are more willing to purchase cereals as the need arises,
thus refraining from anticipated purchases and avoiding the costs of
storage, direct and indirect. In particular, they may reduce bodymass
accumulation, which is a second-best strategy in a context of food
shortage.

7. Alternative explanations

The Giffen effect probably constitutes the most straightforward
explanation for our central findings, namely improved nutrition despite
constant (or declining) consumption. The decrease in foodgrain price
leads to an increase in purchasing power that induces households to
diversify their food diet away from foodgrain. If this income effect out-
weighs the substitution effect, we expect a net decrease in foodgrain
consumption. Evidence from China confirms that the Giffen effect may be
observed in contexts that resemble ours, in the sense that households are
poor and obtain most of their calories from the consumption of staple
grains (Jensen and Miller, 2008). On the other hand, improved nutrition
is also explained by the Giffen effect if an increase in food diversity im-
proves the quality of nutrition (Steyn et al., 2006).

Surprisingly, however, our evidence does not support this explana-
tion. As already seen in Table 4 (columns 5 and 6), there is no impact of
the program on various food diversity scores (at least at the end of the
lean season). Of course, diversification needs not concern only food: an
increase in real income may prompt households to increase the con-
sumption of other goods and services that have a positive influence on
nutrition. In particular, health expenditures could improve nutrition to
the extent that healthier individuals have a more efficient metabolism
and better absorption of nutrients (Duh and Spears, 2016). We actually
33 In their study, two-thirds of respondents agree with the statement “if I have
maize at home, my household is tempted to eat more than we need”, while half
of them agree with the statement “if a friend or relative comes to me to ask for
maize, and if I have maize at home, I am obligated to give him/her some”.
34 In the words of a program beneficiary, since home storage attracts repeated
demands from family members, “storing at home entails losses, and the family is
the most damaging pest”.
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have a detailed measure of health expenditures yet, unfortunately not for
the year of the intervention: health expenditures have been measured
only at the baseline and two years after the start of program. If we cannot
rule out an effect of the program during the year of the intervention,
qualitative evidence runs against this interpretation. The sample house-
holds, indeed, confessed to not using preventive medicine and to having
recourse to medical treatment (conventional or traditional) only as a last
resort solution. The data confirm that health expenditures are very small
(2 percent of total cash expenditures). Furthermore, we find no impact of
the program on the occurrence and duration of episodes of disease for
children and adults, suggesting that the improvement of nutritional
outcomes does not result from a reduction in disease exposure in treat-
ment villages.

Different from a Giffen effect is an explanation based on a change in
the quality rather than the quantity of foodgrain consumed. Thanks to a
higher nutrition content of a given quantity of cereals, households would
be able to improve their nutrition status as a result of the program, even
though they do not increase the quantity purchased. Again, our evidence
does not accord with this explanation. First, a change in the quality of
cereals was never mentioned by the sample households when we asked
them about the advantages of the program (in an open question). Second,
if this explanation was relevant, we would expect zero impact of the
program for households who did not purchase cereals in the FSGs. This is
not the case, however (online appendix, Tables 18 and 19).

Finally, the impact of the program on nutrition is unlikely to be driven
by a reduction in energy expenditures. First, the reduction in the travel
distance to acquire cereals is too small to explain any significant increase
in weight among households in FSG villages (it represents less than
1000 kcal per household per year). Second, we find no evidence that
households in FSG villages have exerted less effort as reflected in the
activities undertaken or the amount of agricultural production in the
post-intervention campaign.35 If anything, yields have slightly improved.

8. Conclusion

This paper makes three important contributions. First, it confirms
that, especially in remote areas where local markets are thin, deepening
food market integration has the effect of improving nutrition. The effect
is strongest among children, and young children in particular, for whom
deficient nutrition has devastating long-term consequences. Second, and
surprisingly, this beneficial effect is obtained despite the fact that total
food consumption has not increased as a result of the external inter-
vention. Microeconomic theory nevertheless shows that an increase in
consumption needs not take place when the price of foodgrain declines
during the lean season and the household optimally adjusts its con-
sumption pattern to the change in price.

The question then arises as to how nutritional status can improve in
the absence of an increase in consumption. The answer to this question
constitutes our third key finding: a change in the timing of food purchases
translates into a change in the timing of consumption that drives the
nutritional improvement. The underlying mechanism is the better ability
of the household to mitigate food storage imperfections understood in a
broad sense. Being assured of a more reliable supply of foodgrain in the
lean season, households choose to first consume their own stock before
starting to purchase foodgrain. In other words, they postpone their pur-
chases, and thereby economize on the costs of storage. More than the
waste of the foodgrain stored, these costs mainly consist of an ineffective
distribution of consumption over time due to excessive consumption of
the foodgrain purchased before the lean season (before the stocks are
depleted). The main problem appears to be one of pressure-to-consume.
35 There is no effect of the program on production, on the propensity of treated
individuals to engage in income generating activities or on the income gener-
ated by these activities (online appendix, Table 14). There is no difference either
in the variation of the herd owned by treatment and control households.
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This explanation is compatible with the mechanism behind our two-
period model: the possibility that total consumption does not increase
when the lean-period price decreases is actually enhanced in the presence
of a self-control problem. Interestingly, self-control in food (or alcohol)
consumption and the disciplining role of controlled purchases have
received increasing attention in the context of advanced economies.
Obesity (or addiction) instead of under-nutrition is then the problem that
needs to be overcome (Wertenbroch, 1998; Christensen and Nafziger,
2016; Bernheim et al., 2016). Some authors have also analyzed whether
obesity can be attributed to imperfect access to fresh food in areas labeled
“food-deserts” (Lee, 2012; Leung et al., 2011), thus offering a parallel to
the predicament of remote areas in our setup.

Finally, storage imperfections as understood above have begun to
receive attention in the literature dealing with storing and selling
behavior in poor economies. The originality of our own endeavor lies in
the emphasis put on body mass accumulation as a form of storage in a
context of nutritional stress. The important role of losses stemming from
a sub-optimal timing of food consumption is a rather unexpected finding
of our investigation. This explains why our research tools were not
designed to address this issue systematically, in particular to formally test
for the presence of a self-control problem. We leave this task for future
research.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jdeveco.2020.102444.
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