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Abstract: Health-related incentives to reward effort or commitment are commonplace in 
many professional contracts throughout the world. While typically absent from small-scale 
agriculture in poor countries, such incentives may help overcome health issues for remote 
rural families and contract enforcement issues for firms. Using a randomized control 
design, we investigate the impact of adding a micronutrient fortified product in contracts 
between a Senegalese dairy processing factory and its semi-nomadic milk suppliers. 
Findings show significant increases in frequency of delivery, but only limited impacts on 
total milk production. These impacts are time sensitive and mostly limited to households 
where women are more in control of milk contracts. 

 

1. Introduction  

Contract farming arrangements are agreements between farmers and buyers, usually for high-value 
foods, wherein farmers agree to produce a given product and buyers agree to purchase it. Accordingly, 
parties agree on a price setting process in exchange for quantity, quality, and timing of output delivery. 
Many times, buyers also provide farmers with technical assistance and credit for inputs. While it is 
estimated that a relatively low share of farmers (from 1 to 34 percent depending on the country) in Sub 
Saharan Africa engage in contract farming, international trends indicate their increasing importance given 
the growth of high-value agriculture and agricultural processing, the consolidation of retail food, and the 
importance for quality and food safety (Minot and Sawyer 2014). By improving vertical cooperation, 
contract farming has the potential to solve many constraints faced by small farmers related to lack of 
information, market opportunities, and credit. Overall, empirical assessments of the welfare effect of 
contract farming in poor countries is largely positive, not the least because “the cases where contract 
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farming does not generate benefits for farmers, either in terms of higher income or more stable income, 
are often short-lived as the scheme collapses” (Minot and Sawyer 2014, 22).2  

Although both buyers and sellers have the potential to gain from contracting, contract farming in 
developing countries faces numerous challenges (Minot and Sawyer 2014). In particular, information 
asymmetries such as non-transparent quality grading by buyers or side-selling by farmers, and high costs 
associated with enforcing arrangements with large numbers of small and dispersed farmers, can affect 
the existence and operations of contract farming arrangements (Minot and Sawyer 2014; Saenger, Torero, 
and Qaim 2014; Casaburi and Macchiavello 2015a).  

By relying on the provision of additional services related to one’s agricultural production (such as credit 
and production inputs), incentive compatible contracts in agriculture help overcome some inherent 
difficulties in contract farming. Providing such inputs ensures the buyer with a level of quality that she’s 
willing to purchase in the future. Yet, there is no reason a priori to restrain the additional services provided 
to that of input provisions only, and health-related services have long been identified as a powerful 
incentive in labor contracts. For instance, healthcare benefits are routinely included in labor contracts 
around the world in order to enhance the appeal for particular positions. Health services also exist in the 
agriculture sector of developing countries in the form of access to dispensaries on large plantations or 
indirectly through the ability to borrow some resources before harvest, in case of a family health shock.   

This paper documents the impact of a contract farming scheme which seeks to introduce a preventive 
health product in agricultural contracts. In particular, we test whether providing a micronutrient fortified 
food product can lead to a more regular supply of milk delivered to a dairy processing factory in Northern 
Senegal. While health-related incentives to increase effort or commitment have been widely studied in 
other contexts such as education and labor, there is little empirical evidence on their ability to increase 
effort or commitment in contract farming in developing countries, and to our knowledge this is the only 
paper to study a nutrition incentive in this context.  

In our study setting, three potential factors lead to irregular and costly milk delivery to the processing 
factory: seasonality of milk production, credit constraints which lead to suboptimal investment in inputs 
and risk coping strategies, and not directly compensating women for their labor. During the dry season 
milk deliveries decrease substantially as farmers and cows migrate in look for pasture and water. While 
the processing factory offers credit for animal feed, this is limited in amount to what is deemed 
reimbursable based on previous deliveries. Unable or unwilling to purchase enough feed, many farmers 
go on migration in look for feed which disrupts milk production and delivery. Credit constraints may also 
lead to sub-optimal risk coping strategies to smooth consumption such as side selling of milk to obtain 
more liquid cash and selling of livestock. While side selling may sometimes be at higher prices (particularly 
during the dry season), it limits access to inputs and credit which may lead to lower production. In terms 
of gender roles, women provide much of the labor in milk production, but men are the ones in charge of 
the contract and the ones who collect monthly payments (Koczberski 2007; Dolan 2001; Raynolds 2002). 

                                                           
2 These arrangements are sometimes depicted as unbalanced relationships between exploitative agro-industries and 
small farmers (Little and Watts 1994). The empirical literature however, after accounting for placement and self-
selection biases, estimates increases in income ranging from -49% to 600%, with most studies finding an increase in 
income between 25% and 75% (See Minot and Sawyer (2014) , for a review). In Senegal, where the present study is 
based, Warning and Key (2002) find 55% higher earnings for groundnut contractors as compared to independent 
farmers, Swinnen and Maertens (2007) find similar results for vegetable producers in the country. In milk value 
chains, Birthal et al. (2008) in India finds that dairy contracts pay 4% more than non-contract. 
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As per Marshallian inefficiencies, women may tend to under-provide labor when the corresponding 
payment is given to men.  

To test whether a nutrition incentive leads to more regular milk deliveries we collaborated with a private 
processing factory to conduct a randomized control trial (RCT) where half the milk suppliers were assigned 
to a contract linked to the nutrition incentive and half were assigned to a contract without the incentive. 
The contract specified the minimum daily amount of milk to be delivered at least five days a week, under 
the existing price per liter scheme. For the control group, the contract was essentially a moral obligation 
– or a reference point – as no bonus (penalty) was obtained upon (non-) fulfillment of the contract. For 
the treatment group, fulfillment of the contract in a given week triggered daily home delivery of 
micronutrient fortified yogurt (MNFY) for each child 2-5 years old in the household in the following week.  

The daily sachets of MNFY were manufactured by the dairy company using the milk collected from the 
dairy farmers. The yogurt was mixed with cereal and fortified with 2.1 mg of EDTA iron to address 
malnutrition of the study population and in particular the high rates of anemia, which were 89% for 
children 6-23 months and 79% for children 24-59 months at baseline (Hidrobo et al. 2013).  Thus the dual 
goals of the study were to design an agricultural contract that not only increased farmer’s commitment 
and regularity, but that also used the value chain to decrease malnutrition in the study population. The 
MNFY was delivered daily to milk collection points easily accessible to milk suppliers and in particular 
women. 

There are three pathways through which the nutrition incentive may increase effort and commitment 
from farmers. The first relates to profit maximizing farmers who value the incentive and thus may increase 
their effort or reduce side selling in order to obtain the incentive. The incentive essentially works through 
its income effect, with households either increasing their food consumption, substituting it into their food 
consumption and using the freed resources for savings or extra consumption of other goods, or selling (or 
bartering) the micronutrient fortified yogurt. In this sense, the nutrition incentive is not fundamentally 
different from a cash-based incentive that would reward farmers’ loyalty. The second pathway relates to 
relational contracts, whereby informal contracts are sustained by the value of future relationships (Baker, 
Gibbons, and Murphy 2002; Macchiavello and Morjaria 2014). By providing an in-kind good that improves 
the nutrition of farmers’ children, the buyer is building social capital and loyalty among his farmers.3 This 
increased loyalty may lead to decreases in side-selling, thus increasing the frequency and quantity of milk 
delivered. Accordingly, similar effects on delivery should be observed whether or not the provision of 
MNFY is made conditional on milk delivery. The third pathway relates to gender roles in contract farming. 
By delivering the fortified yogurt to collection points easily accessible to women and assuming a deeper 
involvement of women in their children’s health, the incentive may better target the effort providers, 
thereby increasing milk deliveries.  

Using daily administrative data of milk delivery from the processing factory, our results show significant 
increases in the probability and frequency of delivery, but only limited impacts on total amount of milk 
delivered. Baseline and endline household survey data support these results and link it to households’ 
postponing when lactating cows are sent on migration, thus resulting in more lactating cows staying near 
the home for milking and delivery. The incentive did not lead to increases in daily milking effort per cow, 
nor did it affect consumption patterns of milk within the household.  

                                                           
3 Anecdotally, building social capital and loyalty was the main reason the processing company was interested in 
implementing the incentive. 
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We also find considerable heterogeneity of impact. The effect is time-sensitive and mostly effective during 
the dry season when households must decide when to go on seasonal migration and which cows to bring 
along. The impact on amount of milk delivered is also limited to those households where women hold the 
contractual relationship with the milk company and are in higher control of milk-related decisions.  For 
this subsample, the impact is large with the incentive leading to a 42 percent increase in milk deliveries 
over the year. This effect is largely mediated by having twice as many lactating cows present in the area 
near the home at the height of the dry season. 

Our study contributes to the literature on innovations for improving contract farming. In the milk sector, 
Saenger et al. (2013) report on a framed lab-field experiment in Vietnam where they show that farmers’ 
milk quality would increase with penalties for low quality milk, and even more so with bonus payments 
for consistent high quality milk. Independent milk quality verification is also found to decrease asymmetric 
information among a dairy processing company and small farmers in Vietnam, thus leading to increased 
input use and milk output (Saenger, Torero, and Qaim 2014). In Kenya, threats of sanctions for non-
delivery of milk to cooperatives leads to heterogeneous results, with some farmers increasing their milk 
delivery and others exiting the cooperative (Casaburi and Macchiavello 2015a). Deferred payments as a 
commitment device for savings is also found to attract dairy farmers to sell their milk to a large 
cooperative in Kenya (Casaburi and Macchiavello 2015b). In the non-dairy sector, contracts that grade 
and award quality, or are bundled with insurance have also been shown to influence farmers’ behavior 
(Mahdi 2012; Casaburi and Willis 2015). 

Second, our study contributes to the literature on intra-household dynamics in contract farming. Case 
studies in the oil palm, horticulture and tomatoes sectors of Papua New Guinea, Kenya and the Dominican 
Republic respectively, have documented the similar pattern that we find in the dairy sector in Senegal, 
whereby the increased demand for high valued foods has led men to take-over what were traditionally 
female-dominated crops, resulting in men being more in control of contracts and earnings, while women 
supply a large part of the labor without being directly compensated (Koczberski 2007; Dolan 2001; 
Raynolds 2002). These studies suggest non-cooperative production models for contract farming which has 
been tested in the dairy sector in Kenya (McPeak and Doss 2006), and contributes to the larger literature 
on non-cooperative production models in farming (Udry 1996).4 The gendered impacts of interventions in 
the dairy sector have also been studied in Bangladesh and Mozambique and findings show a modest 
benefit on joint ownership of assets while control over milk income and decisionmaking with respect to 
milk production remained dominated by men (Quisumbing and Roy 2014; Quisumbing et al. 2013; 
Johnson et al. 2013). 

Lastly, our paper contributes to the literature on increasing access to preventive health and nutrition 
services and the linkages between improved health and nutrition and agriculture productivity. Many 
studies have documented the link between improved nutrition and health of adults and agricultural 
productivity (Strauss 1986; Duncan Thomas et al. 2006; Fink and Masiye 2015; Dillon, Friedman, and 
Serneels 2014; Schofield 2014). While our nutrition incentive is targeted at children, there are several 
reasons why improved health of children may lead to more productive households. First households may 
free up time and resources by not having to take care of sick or under nourished children, and this time 
and resources may be used as inputs to production. Second, an in-kind nutrition incentive may allow 
households to better smooth their consumption and thus reduce their need to resort to sub-optimal risk 
coping strategies during the dry season such as migration or selling of livestock which may interrupt their 
milk production. In this sense our study is similar to a study in Zambia that provided interest free maize 

                                                           
4 For reviews see Croppenstedt et al (2013). 
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loans to farmers during the lean season in order to reduce the sub-optimal use of off-farm labor (Fink, 
Jack, and Masiye 2014).  

The rest of the paper is organized as follows. Section 2 describes the context of pastoralist milk production 
in Northern Senegal; Section 3 describes the intervention and study design; Section 4 presents a series of 
descriptive non-parametric evidence on the households’ milk delivery and the likely impact of the 
incentive scheme. In Section 5, we rely on parametric estimates to assess point estimates of the 
incentive’s impact on milk delivery, and trace it to households’ milk-related behavior. Section 6 delves 
into intra-household issues to further understand the gender-differentiated effects found across 
container heads. In section 7 we provide a cost-benefit analysis and Section 8 concludes with a series of 
policy recommendations. 

2. Context  

2.1 Pastoralist milk production in Senegal 

Milk production in the northern part of Senegal is dominated by the Fulani who have a long nomadic 
pastoralist history. Fulani pastoralists and their livestock are intertwined, with their livestock not only 
providing them a source of income through milk and meat production, but also a source of prestige and 
social status and an informal insurance device through which they sell their cattle during negative income 
shocks. From a young age, children's education revolves around management of the herd, and gender 
roles are established: young boys are responsible for monitoring the herd, while girls are trained in 
domestic chores and milking cows (Parisse 2011), which lays the foundation for the role of women who 
are responsible for milk production while men are in charge of herd management and meat production. 

Seasonality plays an important role in milk production in the Sahel due to its semi-arid climate. Pastoralists 
and herds move daily and seasonally in search of water and pasture. Rainfall occurs only during the rainy 
season (July to October), with peak rainfall occurring in August and September, and averaging 42mm and 
45mm respectively.5  While water and pastures are abundant during the rainy season, there is no rain 
during the dry season and water and pastures are scarce. This translates into important seasonality in milk 
production itself as cows must be sufficiently fat to be fertile and produce milk, which means properly fed 
and mostly sedentary. 

Households can affect the magnitude of seasonal milk production variations, particularly through 
enhanced access to animal feed. Feeding practices, including the use of complements early in the dry 
season, can significantly enhance a cow’s milk production in the following months. Limited seasonal 
migration may further enhance the frequency of birth from one every two to three years, to one a year, 
increasing the number of lactating cows in a given year. Thus, animal feed and limited migration can 
significantly enhance milk management, albeit implying changes in traditional livelihoods towards a higher 
focus on milk and more sedentary livelihoods.  

2.2 Dairy contract farming and the Laiterie du Berger 

Senegal’s livestock sector contributes to 37% of agricultural value added and 5.5% to national GDP (FAO 
2005). However, weak milk production cannot keep up with the growing demand for dairy products. Dairy 
is a central product in the diet of most Senegalese households, with total demand reaching 400 million 
liters a year for a population of about 12 million individuals (DIREL (Direction de l’elevage) 2004). On 

                                                           
5 Average monthly precipitation from 2000-2012. http://www.worldweatheronline.com/Richard-Toll-weather-
averages/Kaolack/SN.aspx 
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average, Senegalese households dedicate 4.5% of their food consumption and expenditures to dairy 
products. Yet, despite a large cattle population, notably among the traditional pastoralists in the north of 
the country, two thirds of the demand is met by imported milk powder.  

This conundrum has long been identified by public and private entities, leading to several failed attempts 
to organize milk collection in rural areas. Several factors have contributed to these failures, such as the 
lack of reliability of supply, which considerably varies throughout the year in response to agro-climatic 
conditions (essentially dry versus rainy season), the continuous movements of milk producing households, 
and the general pastoralist perception that dairy is not more than a meager byproduct of cattle rearing, 
dedicated to home consumption and for women to generate occasional petty cash. 

In 2006, the Laiterie du Berger (LDB), started to collect milk from pastoralist families near the town of 
Richard Toll in the Senegal River Valley. LDB’s business model is to produce high-end products (mostly 
yogurts) for urban populations, based on fresh milk that it collects itself twice a day from households living 
within 50 km from its processing plant. As per its “social business” orientation, the company’s long term 
objective is to contribute to generating additional milk-related earnings for mostly poor semi-nomadic 
households in the area.  

Over the years, the LDB has formed a base of over 700 milk suppliers across 4 main collection routes.6 
Each collection route is composed of collection points where the LDB collects milk from suppliers. The 
number of collection points varies by season and year, but there are usually around 100 milk collection 
points in total. The collection of milk near producers’ households is both what ensures reliable supply and 
what induces high collection costs for the LDB.  

Suppliers are assigned a container number which is used to monitor the amount of milk produced. 
Although there is usually one household attached to each container, some containers can be shared by 
two or three households.7 Moreover, some households contribute to more than one container. At the end 
of the month, producers collect LDB payments at the processing plant for their monthly supply to LDB.  

The contractual relationship between LDB and its suppliers is informal in that it does not rest on formal 
written documents.8 Instead, the LDB provides resources, in the form of animal feed that it obtains and 
sells at bulk price. Only milk suppliers can obtain such feed, which they pay for through milk delivery. LDB 
also provides feed loans during the dry season, with loan amounts limited to a level that is deemed 
reimbursable in milk, given the household’s history of deliveries. Lastly, the LDB-suppliers relationship 
rests on a fixed price contract, as opposed to a formula contract based on local market price. During the 
study period, the price offered by LDB was XOF 200 year round, while prices in local markets evolved from 
XOF 250 at the onset of the dry season in February, to XOF 300 at the height of the dry season in June, to 
XOF 100 at the heart of the rainy season in September.9 While a stable price offers producers with a known 
return to their milk production, it may generate incentives to side-sell (part of) their produce onto local 
markets – and according to survey respondents, about 3% of milk produced is sold fresh on local markets 
or boutiques. With mostly unobservable characteristics (such as the number of lactating cows) and 
behavior (such as amounts produced), LDB cannot contract producers for given quantities and must rely 
on the incentive provided through price regularity, purchase regularity, and access to animal feed.  

                                                           
6 At time of the study there were 4 milk collection routes. In 2013 a fifth route was added.  
7 A container can take up to 20 liters.  
8 Formal documents would be of limited use in case of disagreements given the relatively small size of each 
transaction compared to the difficulties and costs of obtaining a ruling from the local court of law. 
9 Data from weekly calls to reference markets in the area. 
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Overall, LDB’s objective, to provide a stable source of milk-related income to a large number of small scale 
semi-nomadic producers without possibilities of formal contract enforcement is a rather challenging task. 
Production constraints of its suppliers, and contract enforcement issues combine to generate a high level 
of seasonal and daily variability in the amounts of milk collected, potentially jeopardizing the sustainability 
of its business – and social – model. Figure 1 illustrates this instability of milk supply over the two years 
preceding the start of the current study.  

3. Study design 

3.1 Intervention 

In order to reduce the variability in milk production and improve the nutritional status of children in 
supplier households, a nutrition incentive was offered to milk suppliers of LDB. The nutrition incentive 
was delivery of free micro-nutrient fortified yogurt (MNFY) for children, if suppliers delivered a certain 
amount of milk to the LDB over a certain number of days10. The aims of the program were to test (i) 
whether LDB logistics could be leveraged to deliver the MNFY to children within its suppliers households; 
(ii) whether such products effectively help improve the nutritional status of these - otherwise highly 
anemic - children; and (iii) whether these nutrition incentives encourage suppliers (and in particular 
women) to increase their milk delivery to the LDB. 

The incentive structure worked as follows: before the intervention began each supplier committed to 
supplying 0.5 liters of milk per lactating cow per day. This level was set intentionally low in order for 
households not to reduce their home consumption but merely increase their regularity of deliveries. Given 
the decreasing productivity of lactating cows during the dry season, this target was revised to 0.3 liters 
per day, 15 weeks after the start. In order to receive the MNFY, suppliers had to supply at least that daily 
amount 5 days per week. If they were able to meet the targets, then the following week they received 
one sachet of 80 g of MNFY per day for each child 2-5 years old. Sachets were delivered daily by the same 
LDB truck that collects milk at the collection points.  

Starting one month after the experimental intervention and continuing throughout the study, an across-
the-board Behavioral Change Campaign (BCC) was also conducted with all households in the study. 
Designed and implemented in partnership with the Cellule Contre la Malnutrition (a unit in the prime 
minister’s office coordinating all malnutrition-related interventions in the country), the BCC focused on 
optimal infant and young child nutrition, the importance of micronutrients and the role that diverse diet 
and fortified food can play to deliver them, although the specific MNFY used in the study was not 
discussed. 

3.2 Study Design 

                                                           
10 The micro-nutrient fortified yogurt was fortified with 2.1 mg of EDTA iron (in addition to 2.25 mg of zinc, 24 μg of 
Iodine and 120 μg of Vitamin A). EDTA iron use is becoming more and more frequent due to its high absorption 
potential. Its absorption is 2 to 3 times greater than the more commonly used iron sulfate or iron fumarate, and it 
increases rates of absorption of iron consumed naturally by food. The premix for MNFY fortification was developed 
by Danone Communities, who is a stockholder of LDB. The 80 g sachet is called “Dolima Doolé” (“makes me 
stronger”) and was distributed across 19 schools in Dakar before the start of this study. While fortified in iron, the 
efficacy of fortified MNFY produced by the LDB for several years and distributed to school children, has not been 
documented. 
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In order to test whether a nutrition incentive can improve children’s nutritional status and increase milk 
deliveries, a cluster randomized control trial was implemented. Specifically, across the 4 existing milk 
routes – Dagana 1, Dagana 2, Mouda, and Rosso – and 94 collection points, 320 concessions11 were 
randomized via a public lottery to either: 1) the MNFY incentive or 2) a control group (Figure 2). Taking 
into consideration the context and geographic characteristics of the project area, 16 different public 
lottery events were organized in December 2012, each gathering households from the six or so closest 
collection points. During the public events, households living in the same concession were grouped and 
randomization was then implemented, with half of the concessions in a given event randomly allocated 
to treatment, and half to control.  

During these events, all suppliers were invited to sign a container-level contract ahead of the random 
draw, committing them to deliver 0.5L/lactating cow/day accounting for the lactating cows of all 
households routinely delivering milk to this container. Suppliers also declared the number of children aged 
2 to 5 living in their household and contributing container households. For practical, ethical, and spillover 
reasons, it was deemed unfeasible to have children in both treatment and control groups within the same 
concession, thus, all containers from the same concession were given the same treatment status. In the 
treatment group, one of these containers fulfilling its contractual obligation triggered delivery of MNFY to 
all children in the concession. The intervention lasted one year, starting in January 2013 and ending in 
January 2014. 

3.3 Data 

For our estimation of impact we use two sources of data. The first is household level data collected before 
the start of the intervention in January 2013 (baseline) and again after the intervention in 
January/February 2014 (endline). This data is composed of a household questionnaire administered to 
the head of household or spouse, and a mother level questionnaire administered to all mothers with 
children 24-59 months at baseline. In total the number of households administered the baseline survey 
was 445 (213 from the treatment arm and 232 from the control arm), and consists of all households that 
are milk producers for LDB and agreed to be part of the study. Of these households, 98% or 437 were re-
surveyed at endline.  

The household questionnaire contains information on the composition and demographics of the 
household, dwelling characteristics, food security, assets, and preferences of the head of household. It 
also contains detailed information on a household’s experience with LDB, cow ownership, and milk 
production by season (wet and dry season) at baseline and by month at endline. In addition, the endline 
questionnaire includes information on income sources by season, decision-making with respect to milk 
production, and households’ experience with the intervention. The mother questionnaire includes 
information on her nutrition knowledge, her knowledge about then incentive design, and her involvement 
and decisionmaking power with respect to milk production and usage of milk within the household. 

The second source of data is administrative data that was collected by LDB and GRET on weekly milk 
delivery by container. This dataset includes information on the number of days the household delivered 
milk during that week and the quantity delivered each day, as well as the number of  sachets of MNFY it 
received in that specific week. We merge container level data with baseline household level data of the 
container head, in order to obtain characteristics of the household in charge of the container. Given that 
more than one household may contribute to a container, we have fewer containers than number of 

                                                           
11 Concessions are a group of typically 3-7 households, usually related to each other. 
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households. In total we have 385 containers over 16 weeks pre-intervention and 50 weeks during 
intervention, for a total of 25,410 container-week observations. 

3.4 Outcomes of interest 

Consistent with the goals of LDB to increase regularity and amount of milk supplied, our main outcomes 
of interest are those related to frequency of delivery and the total amount of milk delivered to LDB. Using 
container level data, we create variables that capture regularity and quantity of milk delivered. In 
particular, to address regularity, we create an indicator on whether a container fulfilled the contract - 
whether it delivered .5 liters (and later .3 liters) of milk per registered cow at least 5 days a week; an 
indicator on whether a container was active in a given week, and a variable on the number of days in a 
week milk was delivered to the LDB.  A container is defined as being active if it delivered milk at least once 
during the week to the LDB. Although a container may deliver more frequently, this does not necessarily 
translate to more milk being delivered: a container may deliver more frequently, but the amount of milk 
per delivery maybe lower than a container which delivers less frequently but more per delivery. Thus, to 
address quantity of milk delivered we investigate the total amount of milk in liters delivered to the LDB 
per week.  

Although we use administrative-container level data to estimate the impacts on weekly milk delivery to 
LDB, we use household level data to investigate changes in milk-related behavior due to the incentive. We 
use all households even if there is no container head in the household because the incentive affected all 
households delivering milk in a given concession. Given the importance of seasonality, milk production 
data at endline was collected for every month using a 12-month recall period, or every season using 4 
period recall period. Thus production behavior analyzed are monthly or seasonal variables relating to the 
number of cows milked daily, the amount of milk per cow per day, the use of milk produced in terms of 
delivery to the LDB, sold in the market, or consumed in the household; the amount of feed given to the 
cattle, and the buying and selling of cattle. We also analyze data on decision-making with respect to milk 
production and herd maintenance. 

3.5 Baseline characteristics across treatment and control arms 

To ensure that randomization was successful, we compare baseline characteristics across treatment and 
control households (Table 1). We conduct the analysis at the container level with administrative data from 
one week before the public lotteries took place (December 9th, 2012), and at the household level for 
households that are in the baseline and follow-up surveys. We test for balance across individual variables 
and for joint orthogonality across all variables.  
 
The first panel in Table 1 reveals container level data, and specifically that almost a quarter of container 
heads are female, the mean weekly amount of milk delivered to LDB in December is 23 liters, with delivery 
occurring 6.3 days a week. The mean number of lactating cows listed in the incentive contract is 3.77. 
Across the 7 difference in means tests one is significant at the 10% level, with containers in the control 
arm registering more cows in their contract than containers in the treatment arm; however, the joint test 
of all 7 variables is not significant.  

The second panel in Table 1 reveals household characteristics, and specifically that sample households 
are large with almost 9 members. Approximately 20 percent of household heads are female, and less than 
5 percent have had any formal schooling. 83 percent of households are head of at least one container 
while 16 percent only fill someone else’s container. The average total number of containers that a 
household fills (either as head or not) is 1. The average number of lactating cows that were milked at 
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baseline (January 2013) is 6.38 and approximately 6 L of milk was collected yesterday. Seasonality drives 
a lot of variability in milk production, with the average income from milk going from 56 percent during 
the rainy season to 25 percent during the dry season, and the average liters of milk produced per day 
going from 12.7 L during the rainy season to 4.2 L during the dry season. Most of the milk produced is 
delivered to the LDB (56% during the dry season and 64% during the rainy season), and very little is sold 
fresh on the local market indicating low rates of reported side-selling. Similar to the container level data, 
across 23 difference-in-means tests only 1 is significant at the 10% level; however, the joint test of all 
variables is not significant.  

4. Descriptive evidence  

As discussed above, milk production and supply are highly seasonal. In the rainy season, producers are 
often facing an overflow of milk, to the extent that part of it is sometimes wasted. Satisfying the LDB 
contract during this period is fairly easy, and incentives to side-sale are low with market prices typically 
below the XOF 200 offered by LDB. In the dry season when cows produce less milk and local pasture are 
scarce, producers have to either purchase feeding complements or send cows on seasonal migration 
several hundred kilometers south were pastures are more abundant. Thus, only in the dry season does 
meeting the incentive require actual decisions and efforts. Market prices in this season also tend to be 
higher than XOF 200.  

We use container-level data and non-parametric—kernel-weighted local polynomial regressions – to 
describe the evolution of treatment and control group deliveries through time.12 The advantage of local 
linear regressions is that it allows the evolution of milk production to vary across time and season, without 
assuming a functional form over time. We report results from Nov 11, 2012 to Jan 5, 2014, including five 
weeks prior to the lotteries in order to see if there are differences in trends between our treatment and 
control groups prior to the study.  

Descriptive evidence on the evolution of milk production across treatment and control groups over time 
is presented in Figure 3 using four different outcome indicators: (i) whether the container fulfilled its 
contract that week, (ii) whether it delivered at least once that week, (iii) the number of days it delivered 
milk that week, and (iv) the total amount of milk it delivered that week. The first red line marks the start 
of the lotteries (Dec 16th, 2012) and the second marks the first distribution of MNFY (Jan 27th, 2013), one 
week after the effective start of the incentive contract.  

Results show that the ability to fulfill the contract and the treatment effect are largely seasonal, with over 
80 percent of containers fulfilling the contract in December 2012 and then dropping drastically to 
approximately 30 percent at the height of the dry season in July 2013. The effect of the incentive follows 
a similar pattern, with a higher probability of contract fulfillment in treatment than in control group from 
February 2013 through June 2013. Once the rains begin in August and the contracts are no longer binding 
(both treatment and control groups are easily able to fulfill the contracts), the treatment effect 
disappears.  

                                                           
12 This technique applies the linear regression locally to data  around a specific observation x, and then 
incorporates a weighting scheme to down-weigh observations further away from observation x (Fan and Gijbels 
1996). The local polynomial regression is performed in STATA using Epanechnikov kernel and rule-of-thumb 
bandwidth.  13 Ancova estimator is more efficient than double difference in cases where the dependent variable is 
measured with significant noise (McKenzie 2012), which is likely the case for household-level 12 months recall data 
on milk-related behavior. 



11 
 

We also find that the percentage of active containers decrease from nearly 100 percent being active at 
the start of the study to less than 50 percent being active by the end of June. Here also, the incentive 
increases the probability of a container being active, but only until the first rains. The average number of 
days of milk deliveries in a week, also decreases from approximately 6 before the start of the study to 
approximately 2 at the height of the dry season, with those in the treatment group delivering more days 
from January through July than the control group.  Lastly, we find no a priori evidence of impacts of the 
incentive on the quantity of milk produced. Consistent with seasonal patterns, mean milk production 
before the study is approximately 20 L and then drops to approximately 10 L at the height of the dry 
season, and then spikes to over 40 L during the rainy season. 

5. Inferential estimates  

5.1. Estimation strategy 

We switch to a parametric estimation strategy to estimate the impact of the incentive, for two main 
reasons. First, we seek to obtain precise point estimates and inference in order to assess the magnitude 
and statistical significance of the obtained effects. Second, we wish to rely on similar estimation 
procedures to compute both container-level estimates using higher frequency (weekly) data, and 
household-level using lower frequency (monthly) data for which non-parametric estimates are less 
appropriate. Thus, we estimate the treatment effect of the incentive using a flexible ANCOVA estimator 
allowing the impact of treatment to vary over time while controlling for pre-treatment level of the 
outcome indicator.13 This further allows us to control for other variables, such as the level of stratification 
or lottery groups and number of cows on the contract. In effect, although most variables are balanced at 
baseline we might be concerned from Table 1 that the number of cows listed on the contracts is slightly 
different across our treatment and control groups, which could lead to biased impact estimates. To be 
consistent with the nonparametric analysis and because treatment effects could vary across time, we 
estimate “intent to treat” impacts by week for the container-level analysis, and by month or season for 
the household-level analysis. The model we estimate is summarized in Equation 1 below for container-
level estimates, with a similar model used for household-level estimates but replacing week indicators for 
month or seasons. 

 

𝑌𝑐𝑔𝑎𝑡=𝜎0+𝑋𝑐𝑔𝑎
′ .𝛽+𝜇1𝑌𝑐𝑔𝑎

𝑝𝑟𝑒
+𝛿𝑎+∑ 𝛾𝑡.𝑤𝑡

49

𝑡=2

+∑ 𝛼𝑡𝑇𝑔

49

𝑡=1

.𝑤𝑡+𝜀𝑐𝑔𝑎𝑡                       (1)  

Where 𝑌𝑐𝑔𝑎𝑡 is the milk production outcome of interest for container c from concession g from lottery 

group a at time t. 𝑋𝑐𝑔𝑎 is a vector of container level controls prior to the start of the intervention that 

include gender of container head, whether or not container is a collective container (filled by more than 
one household), number of children listed on the contract, and number of cows listed on the contract. 

𝑌𝑐𝑔𝑎
𝑝𝑟𝑒

 is the milk production outcome of interest before the intervention began (Dec 9, 2012) and  𝛿𝑎 are 

dummy indicators for the public lottery events. 𝑤𝑡 are indicators for each week and 𝑇𝑔 is our treatment 

indicator. Our treatment indicator is interacted with weekly time indicators ∑ 𝛼𝑡𝑇𝑔×𝑤𝑡
49
𝑡=1  to allow the 

treatment impact to vary by week. 𝑒𝑐𝑔𝑎𝑡 is the composite error term that consists of the following: 

                                                           
13 Ancova estimator is more efficient than double difference in cases where the dependent variable is measured 
with significant noise (McKenzie 2012), which is likely the case for household-level 12 months recall data on milk-
related behavior. 
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𝜀𝑐𝑔𝑎𝑡=ℎ𝑔+𝑐𝑐𝑔+𝑢𝑐𝑔𝑎𝑡 

Where ℎ𝑔 is the unobserved concession effect, 𝑐𝑐𝑔 is the unobserved container effect, and 𝑢𝑐𝑔𝑎𝑡 is the 

unobserved idiosyncratic effect. In other words, we allow correlation between containers within the same 
concession because containers within the same concession may share characteristics that contribute to 
their delivery-level, independently of the treatment. Further, within concession, containers may jointly 
react to the incentive as all children from a given concession will receive MNFY as along as at least one 
container in the concession satisfied its contract. Thus our estimates are clustered at the concession-
level.14 Clustering at the concession-level also takes cares of serial correlation at the container level 
because containers are nested within concessions (there may be more than one container by concession 
but not the opposite), consequently clustering at the higher (concession) level will provide the most 
conservative standard error estimates.15 

In addition to estimating the average impacts of the incentive on milk production, we estimate the impacts 
by whether or not the container head is female.  Given that gender roles are very well defined with respect 
to cattle rearing and milk production, with women traditionally being more involved in milk production, 
and men being more involved in cattle rearing, women and men may have different priorities and thus 
respond differently to the health incentive. Moreover, women may be more concerned with the health 
of their children and thus value the incentive more than men. This may be further reinforced by the 
incentive being delivered at collection points where women are better able to see the return on their 
efforts than when payment is made at the processing plant. While all women should positively react to 
the incentive, low control over cow-related decisions may limit women’s capacity to effectively improve 
milk delivery, especially for those who are not container heads. Consequently, in addition to exploring the 
impacts of the incentive over time, we investigate the impact of the incentive by gender of the container 
head.   

 5.2. Container-level analysis: impact on milk delivery indicators 

We plot the coefficient estimates of 𝛼𝑡 from Equation 1 and their 90% confidence interval of the 
interaction of the treatment indicator and week indicator in Figure 4. Results are consistent with the 
descriptive analysis. In particular, the incentive leads to increases in the probability that a container fulfills 
the contract, and these impacts are significant across multiple weeks through July 28th. The incentive also 
leads to large and significant increases in the probability of a container being active and the number of 
days milk is delivered in a given week. These results are significant through the week of Aug 4th and Aug 
11th respectively, and after those dates there are no impacts of the incentive. During the height of the dry 
season in June –July, the incentive leads to an increase of up to 16 percentage points in the probability of 
a container being active and almost one full day (.93 days) of delivery. Although the amount of milk 
delivered per week is larger by approximately .5-3.85 liters for containers in the treatment arm, these 
impacts are rarely statistically significant, and switch signs after Aug 11th.  

                                                           
14 See Bertrand et al. (2004) for a discussion of inferential issues when state-level clustering is not taken into account 

in difference-in-difference estimates.  
15 As shown in Cameron, Gelbach and Miller (2011), multi-way clustering can be addressed by adding the variance 
matrix obtained with level 1 clustering to the variance matrix obtained with level 2 clustering, and subtracting the 
variance matrix obtained from clustering at the intersection of levels 1 and 2. If level 1 is nested into level 2, the 
intersection level clustering is equivalent to level 1 clustering. Clustering at both level is thus equivalent to 
clustering at level 2 only.  
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We estimate Equation 1 separately on the subsamples of male container heads and female container 
heads (Appendix Table A.1). Results are presented in Figure 5; the left panel reports estimates for male 
sub-sample while the right one reports estimates for the female sub-sample. Results show limited impact 
of the incentive on the male sub-sample, and a much larger and statistically significant impact estimates 
in the female sub-sample, especially during the peak dry months and right after the first rains, from June-
August. The magnitude of impact on the subsample of female container heads is large. At its peak impact 
with respect to activity and days delivered (week of June 30th), the incentive leads to a 35 percentage 
point increase in the likelihood of delivery (from an average of 33% being active that week for female 
container heads in the control group), 2.15 additional days of delivery (from an average 2.18 days of 
delivery that week for female container heads in the control group), and 7.6 additional liters delivered in 
a week (from an average 4.1 liters delivered that week for female container heads in the control group). 
With the first rains in August, the average impact on liters increases to 15.5L from an average of 22L for 
female container heads in the control group. 

Overall, the effect of the incentive is essentially limited to female-headed containers at the height of the 
dry season. Over the entire period of the experiment (50 weeks), this translates into a relatively low 
increase in milk delivered to the LDB. To see this, Table 2 reports impact estimates on the same outcomes, 
although this time aggregated over the 50 weeks of the experiment.16 We report the overall impact and 
the differential impact with respect to female-headed containers through the interaction term between 
treatment and female-headed containers. Results reveal an overall increase in the number of active 
delivery weeks and the total number of days delivered, with a magnitude of approximately 3.5 extra active 
weeks (or a nine percent increase as compared to the control group) and 24 extra days delivered (or an 
11 percent increase as compared to the control group). While no impact is found on total milk delivered 
to LDB, there is a large and significant differential impact for female-headed containers of 440 liters (Table 
2, column 8), leading to an overall impact on female-headed containers of 393L which represents a 43% 
increase of what female-headed containers in the control group delivered in 2013 on average.  

5.3. Household-level analysis: impact on milk-related behavior 

We use household level data and a similar estimation procedure as described in Equation 1, to explore 
changes in household milk production behavior that resulted from the incentive and that may explain 
changes in their delivery to the LDB. Specifically we investigate changes in the number of lactating cows 
near the concession (as opposed to being on migration), number of lactating cows milked, amount of milk 
produced per cow, total amount of milk produced, and use of milk in terms of selling it to LDB, selling it 
in a market, and used for own consumption. Given the large differences in impact by gender, we 
disaggregate our analysis by the gender of the person responsible for the container.17  

Consistent with the seasonality results from the container-level data, Table 3 reveals large impacts of the 
incentive from March-July on the number of cows near the concession and the number of cows milked 
daily. In other words, the incentive leads to more lactating cows staying near the concession in order to 
be milked as oppose to migrating further away. As a result, almost 1 more cow is milked per day during 

                                                           
16 The variable “Fulfilled contract in a given week” is now the number of week the contract was fulfilled over the 
course of the experiment and likewise for the variable “Delivered at least once in a given week”. The variable 
“Number of deliveries in a given week” is now the total number of deliveries over the course of the study and likewise 
for the “Total number of liters delivered in a given week”.  
17 About a quarter of our households do not have someone that is responsible for a container in their household, 
but instead fill another household’s container. For these household we still use the gender of the person responsible 
for the container that they fill. 
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the worst of the dry season in July. Interestingly, for those cows that are milked, there is no impact of the 
incentive on the amount of milk produced (Table 3, column 4). However, there is an impact on the total 
amount of milk collected per day during the months of June and July, which is likely due to a larger number 
of cows being milked (Table 3, column 5).  

Disaggregating impacts by gender of the individual responsible for the container, we see that the impact 
is concentrated on female container heads during the months of May and June (Table 4). In particular the 
incentive leads female container heads to milk 2 more cows a day in May, and to collect 2.20 and 2.33 
more liters of milk daily in May and June respectively. For male container heads there is only a significant 
impact in the number of cows milked and the amount of milk collected in July, and although not significant 
for females, coefficients are similar in magnitude.  

We also investigate whether the incentive leads to changes in how milk that is collected is used, in terms 
of percentage for personal use, sold in another market, or for the LDB. We see no clear impacts of the 
incentive on the use of milk or self-reported side-selling for the sample as a whole (Table 5) or for 
subsamples of male and female container heads (Appendix Table A.2).18  

6. Mechanisms  

6.1. Income effect 

The impact of the incentive may be traced to at least three different pathways. First, households may 
react to the value of the incentive through an income effect. In this case, the market value of MNFY is 
200FCFA/sachet which translates to 1,400 FCFA/week for a household with one child 2-5 years old or 
2,800 FCFA/week for a household with 2 children in this age range.  With the in-kind incentive, households 
may either increase the amount of food consumed, or they may reduce how much they spend on food 
consumption and use the corresponding income for other purposes. Unfortunately, we did not collect 
detailed consumption data to assess the impact of the incentive on household’s consumption and for 
political reasons we were not able to implement a cash incentive to compare to the in-kind incentive.19  

The income effect could partially explain the heterogeneity we see in impacts across seasons because the 
value of the MNFY as a percent of milk income is much higher in the dry season than in the rainy season. 
For example, for a household with one child who delivers 14L/week during the dry season, the MNFY is 
50% of milk earnings, compared to 12.5% of milk earnings during the rainy season when the household 
delivers 56L/week. However, it does not explain the large differences in treatment effects observed 
between male-headed and female-headed containers. In fact, our data suggest that female-headed 
containers have systematically less children registered on the incentive contract, without having 
significantly less lactating cows on the contract. Thus, the absolute value of the incentive and its marginal 
utility is likely lower in female-headed containers and cannot explain the larger impact observed among 
these containers.  

                                                           
18 Similarly, we find no impacts of the incentive on the amount of animal feed given to lactating cows or on the sale 
and purchase of bovine (results available upon request).  
19 The differentiated effects of in-kind or in-cash transfers has long been discussed in the development economics 
literature, although with limited empirical evidence properly dealing with pervasive allocation biases. A recent 
stream of studies address these issues, by relying on randomized allocations of in-cash, in-kind and voucher-based 
transfers in countries such as Ecuador (Hidrobo et al. 2014), Niger (Hoddinott, Sandström, and Upton 2014), 
Yemen (Schwab, 2013), Uganda (Gilligan, 2013), Mexico (Cunha 2014), and DRC (Aker 2014). 
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6.2. Enhanced relationship with LDB 

In a second impact pathway, households may respond to the incentive because of its nature per se. The 
study setting is one of incomplete and informal contracts. LDB cannot observe its suppliers’ efforts, and 
must incur large fixed costs in milk collection. Suppliers are unsure of the LDB’s capacity to raise purchase 
prices, and must sometimes forego more remunerative alternatives on local markets. By providing an in-
kind good that improves the nutrition of farmers’ children, LDB signals that it seeks to enhance families’ 
well-being above and beyond the purchase of their milk. By doing so, LDB is building social capital and 
loyalty among its suppliers. This increased loyalty may lead to decreases in side-selling, and corresponding 
increases in the frequency and quantity of milk delivered to LDB. This was indeed the initial objective of 
LDB for implementing an innovative incentive scheme, and field reports suggest that they may indeed 
contribute to the results, with households being appreciative that the LDB “also cared about their 
children, not just their cows”. We indirectly test for the importance of such effect by asking respondents 
at endline whether they would continue selling their milk to LDB if they were offered a price per liter of 
X≤200 FCFA, with X randomly varied across respondents (Appendix Table A.3). We do not find clear 
evidence of treatment effect on the respondents’ willingness to settle for a lower than current price. If 
anything, we find that female container heads in the treatment group are 11 percentage point less likely 
to accept such an offer than female container heads in the control group.  

6.3. Intra-household dynamics 

With the two impact channels discussed above, we are not able to explain the full set of our results. In 
particular, we cannot explain the large differences in impact between containers controlled by men and 
women. We explore the third impact pathway - targeting women - and whether differentiated impact 
may in part be driven by gender dynamics within households.  

By targeting women the incentive may have increased milk deliveries over and beyond any increases that 
may have occurred purely from the income or social capital effect. We find indirect evidence of targeting 
effects, and specifically that the incentive led to increases in women’s decision-making with respect to 
milk production. Table 6 shows the impact of the incentive across 6 different decisionmaking domains and 
an overall decisionmaking index.20 The incentive leads to a 5 percentage point increase in females being 
the main decisionmakers with respect to veterinary, vaccination, and insemination services, and a 5 
percentage point increase in females being the main decisionmakers with respect to cow migration 
decisions. The overall female decision-making index also increases by .55 points from an average of 4.47 
in the control group. The second column for each domain reveals the differential impact of the incentive 
by whether or not the container head is female. The coefficient for male container heads is the coefficient 
on treatment and it is never significant, while the coefficient for female container heads is large and 
significant for some domains, although the difference across male and female container heads is never 
significant. For female container heads there is a 12 percentage point increase in the probability that a 
female is the main decision-maker on domains of selling milk and cow migration.  

While targeting is one likely reason we find large impacts of the incentive on milk production and female 
decision-making with respect to milk production, we don’t find evidence of women that contribute to 
containers controlled by men reacting to the incentive. One plausible explanation is that these women in 

                                                           
20 For each decisionmaking domain, an indicator is constructed that equals one if a female is the main 
decisionmaker in at least one of the corresponding questions that make up the domain. The decisionmaking index 
is a sum of all 15 decisionmaking questions with respect to milk production, where each question is given a value 
of 1 if a female is the main decisionmaker. 
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households where males control the container do not have the power to affect milk production and 
corresponding deliveries to LDB.  In order to maintain production and also prevent health issues lactating 
cows must be milked everyday. On a daily basis, a woman’s decision is therefore limited to how much to 
milk from a given cow, not whether or not to milk it. Milking itself entails a large fixed cost related to 
bringing in the cow and separating the calf, and correspondingly small marginal cost of milking per se. In 
the dry season in particular, when cows are much less productive, milking may be limited to a few minutes. 
In such conditions, women have low incentive to shirk in the first place, which may explain why we do not 
observe effects on the amount of milk obtained from each cow (column 4 in Table 3 and columns 7 and 8 
in Table 4). In contrast, the decision on whether or not to send a cow on migration has more important 
consequences on effort. Upon sending a cow on migration, herders essentially stop the lactating process, 
thus affecting the fixed cost of milking a cow. While women are largely in control of decisions affecting 
the marginal cost of milking the cows, only those more in control of migration decisions may effectively 
respond to the incentive provided.21 Female decisionmaking with respect to migration is higher in 
households where females are the container heads (control group mean is 7% for male container heads 
vs 13% for female container heads), and this difference in decisionmaking power becomes larger as a 
results of the incentive as female container head households become more involved in decisions. 

An alternative explanation reported in field interviews is that women contributing to containers controlled 
by men may not have been aware of the incentive and/or the way it functionned. In effect, only container 
heads were invited to the lottery where contracts were signed and incentives explained. Thus, female 
container heads directly received information on the contract whereas women in households with male 
container heads did not receive this information. We look for evidence of information asymetries with 
respect to the contract using individual level data22 on knowledge of the contract, but do not find support 
for this pathway. While, women in the treatment group are on average 25 percentage points more likely 
to know of the contract and 29 percentage points more likely to know how the incentive worked 
compared to women in the control group, being a container head does not bring any additional knowledge 
(Appendix Table A.4); if anything, container heads have a lower understanding of penalties upon non-
fulfillment of the incentive than other women.  

7. Cost-benefit analysis 

7.1 Cost of the MNFY 

The total cost of the MNFY incentive is XOF 67 per sachet or approximately USD 0.13 at the time of the 
experiment. This cost includes production cost of the product of XOF 58.5/sachet (roughly equivalent to 
USD 0.117) and labor cost for implementation of the incentive (monitoring of contract fulfillment and 
daily allocation of sachets to appropriate containers) of XOF 8.5/sachet (USD 0.017). Transport of the 
sachets themselves did not add any cost since distribution of the MNFY was integrated into the logistics 
of milk collection and in particular distributed by collectors during their daily milk collection schedule.  

7.2. Private sector perspective 

As discussed in Section 2, LDB’s daily collection of milk at households’ farm-gate is both what ensures a 
reasonably steady flow of milk supply, and what significantly raises its operating costs. Collection costs 
are essentially fixed, in that vehicles visit households and collect containers whether the container is filled 
with 1L or 20L of milk, or whether only one or several containers are filled in a given collection point. Thus, 

                                                           
21 See Duflo et al. (2012) for a similar argument applied to an incentive scheme towards teachers increased 
attendance in school.  
22 In addition to household level data, individual level data was collected on mothers of children 2-5 years old.  
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increases in milk deliveries by households lead to a corresponding decrease in the per liter collection cost. 
In 2013, average collection cost for LDB was estimated at XOF 177 per liter (LDB data).  

From Table 2, we found a 43% percent increase in milk delivered by containers controlled by women, and 
no such overall effects for containers controlled by men. With female-headed containers representing 24 
percent of all containers; the overall increase in milk delivered to LDB due to the incentive scheme in the 
treatment group is 43% X 24% = 10.3%. Had the incentive been generalized to all suppliers, collection cost 

per liter would have decreased to 
177

1.10
≅𝑋𝑂𝐹 161, a decrease of  XOF 16 per liter collected.  

In the treatment group, the additional 10.3 percent volume collected was obtained at the following costs. 
Each container satisfied its contract for an average 29 weeks, and an average of 4 children were registered 
per container and received MNFY 7 days a week, leading to 29×4×7=812 sachets given to the 
average container for a total yearly cost of XOF 54,404. The same average container in the treatment 
group delivered 1169 L over the course of the experiment, leading to a per-liter price of the incentive of 
approximately XOF 47. Overall, the per-liter financial gains of the incentive amount to 34 percent of its 
cost (16/47). Thus, absent the possibility to only implement the incentive at the time when it is most 
effective (dry season) and to target it to containers with highest responses (female-headed), the current 
scheme is not cost-effective from the LDB perspective.23 At most, the LDB would be willing to invest in a 
nutrition product costing  0.34×67=𝑋𝑂𝐹 22.8. 

7.3. Public policy perspective 

Although the past two decades have seen significant progress in reducing the incidence of poverty, 
malnutrition remains pervasive in a majority of countries. With considerable improvements in 
understanding the causes of malnutrition and in developing effective treatments to remedy it, a remaining 
important knowledge gap relates to program coverage (IFPRI 2014). In rural areas where child 
malnutrition can be particularly acute, remoteness considerably raises costs of reaching out to the 
targeted population. This translates into the so called “inverse care law” where the most needy population 
has the least access to the recommended health-related services (Hart 1971). In this context, existing 
value chain logistics can prove a cost-effective means to reach out to the targeted population. 

This certainly applies to the context of the present study, where households live in very remote villages 
of no more than a dozen families, and anemia rates are estimated at 89% for children 6-23 months and 
79% for children 24-59 months (Hidrobo, Quinones, Le Port, & Bernard, 2013). School-level distribution 
of supplements would be ineffective given that 76 % of children 7-12 years of age in our sample are not 
enrolled in school. Health centers are distant and costly to reach – usually several hours by horse-drawn 
cart and cost an average of USD 2 in transport fees – and thus only used in case of emergencies or child 
delivery. While several markets exist in the location, they are relatively distant, only occur once per week, 
and are not visited by all household members. Lastly, villages themselves are seldom visited by external 
agents, with LDB trucks the only outsiders to visit the location in weeks if not months.  

                                                           
23 It is noteworthy however that, assuming similar impact on delivery, a cheaper nutrition technology would have 
proven beneficial from the LDB. Sprinkles for instance, which blend similar micronutrients as the MNFY used in this 
study but do not include macro-nutrients, cost USD 0.03 or less to produce per sachet, independently of delivery 
cost (http://www.unicef.org/ceecis/sprinklesfs.pdf). Thus, while it is unclear whether households’ delivery reaction 
and children’s intake of the product depended partly on its form (within a porridge or as sprinkles for instance), 
MNFY is likely to be among the more costly micro-nutrient product. 

http://www.unicef.org/ceecis/sprinklesfs.pdf
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In such conditions providing nutrition supplementation through ad-hoc means can prove relatively costly. 
In a similar context and near-by location in southern Mauritania, a nutrition program implemented by our 
partner NGO (GRET) has a cost structure wherein transport (including its organization) to beneficiaries 
over comparable distances costs XOF 16.5 per sachet of micronutrient-fortified food. As described above, 
MNFY distribution through LDB trucks which visit each of its supplying households at least once a day, 
cost half as much (XOF 8.5), and those costs are only related to organizing the distribution, not the 
distribution per se. This in turn leads to positive effects on children’s health: being in the treatment group 
led to an average 0.49 g/dl increase in hemoglobin of targeted children, a 0.27 standard deviation increase 
(Port et al. 2015).  

7.4. Public-private partnership 

From the LDB perspective, a cost-effective incentive would cost at most XOF 22.8/sachet if it were to 
deliver MNFY to all its suppliers throughout the entire year. Relying on its delivery trucks, it would provide 
another XOF 8 (16.5 – 8.5) in saved transport costs. From a public policy perspective, providing MNFY to 
children of LDB suppliers without using the LDB logistics would cost 58.5 (production cost) +16.5 
(transport and organizational costs)= XOF 75. Thus, a public-private partnership involving LDB and 
Senegalese public-health system would provide the former with an enhanced relationship with its 
suppliers and more regular milk production, and the latter with a 22.8+8= XOF 30.8 discount (a 41% 
decrease in cost) on an intervention that delivers preventive health benefits to a remote population.  

8. Discussion and Conclusion  

Although both buyers and sellers have the potential to gain from contracting, contract farming in 
developing countries faces numerous challenges that many times lead to their failure. Contractual 
innovations that help overcome the inherent difficulties of contracting with a large pool of small farmers 
in a poor country setting can provide important avenues towards securing a viable contract farming 
scheme. This paper documents the impact of an innovative contract farming scheme that introduces a 
nutrition-based incentive in contracts between a dairy processing factory in northern Senegal and its 500 
or so small scale semi-nomadic suppliers. Using a randomized control trial, we find that the nutrition 
incentive increases regularity of milk deliveries, albeit limited to the dry season and to those contracts 
headed by a woman. The impact on milk deliveries is mainly driven by delayed cow migration in the dry 
season and thus longer lactation period of lactating cows. We find no extra effort per lactating cow as a 
result of the incentive, nor do we observe an impact in terms of milk usage.  

We discuss three potential pathways through which the incentive may have increased deliveries of milk: 
the income effect, the social capital effect and the targeting effect. While we cannot discard the first two 
pathways, they do not fully explain our results, and in particular they do not explain why we observe larger 
impacts on milk deliveries when women are in charge of the contract. In contrast, the third pathway of 
targeting women by delivering a child nutrition incentive at collection point easily accessible to women, 
likely explains much of the gender differences observed. In particular, we find that targeting women leads 
to increases in female decisionmaking with respect to milk production. However, the targeting result is a 
little more nuanced – in households where men are in charge of the contract and women have more 
limited control over milk production, women’s response to the incentive is limited. For these households 
women’s response to the incentive is limited to those decisions on the intensive margin, such as how long 
to milk a cow, and not to decisions on the extensive margin such as which cows go on migration, and how 
many cows stay to be milked. Consequently, it is likely that the targeting had limited impact for these 
women given that we find evidence that the impact of the incentive on milk deliveries is driven by 
decisions on the extensive margin, and in particular migration decisions. 
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What remains a puzzle is why men had a limited reaction to the incentive. Just from the income effect, 
we might have expected larger impacts on containers controlled by men. One potential explanation is 
that since the MNFY was distributed at collection points where women more often go, men were less 
likely to directly receive the incentive. Another potential explanation relates to men having lower 
preferences than women for items related to children and nutrition. This hypothesis is documented in the 
literature which finds that a higher fraction of income controlled by women is invested in child health and 
nutrition (D Thomas 1990; Duflo 2003; D Thomas 1993). We test for such differences in our context, based 
on a hypothetical question asked to household-heads and related to the use of an income windfall of USD 
600, at baseline. We find that households would dedicate an average 30% of the windfall income to items 
such as health, education, food, and water and sanitation infrastructure that may directly impact 
children’s health. However, we do not find clear evidence that female-headed households or households 
with at least one female container head would invest this resource differently than others. A related 
explanation is that women were more aware than men of the nutritional benefits of the MNFY which were 
reinforced by the behavioral change campaign where women were taught the importance of child 
nutrition and means to enhance it. In effect, the behavioral change campaign implemented for several 
months as part of this study targeted women, which may have re-enforced and widen any differential in 
preferences.  

Several conclusions are derived from our results. First, we show that health-related incentives to reward 
effort or commitment, which are commonplace in many professional contracts throughout the world, can 
also trigger important behavioral responses in poor remote settings. This suggests a relatively important 
demand for these products, even though households partly “pay” for it through their added deliveries. 
Second, intrahousehold dynamics play an important role in the effectiveness of these incentives. While 
targeting women may lead to larger impacts, this is only the case in households where women have 
control and power over decisions. 

Lastly, value chain logistics maybe cost-effective in increasing access to preventive health services to 
remote rural populations in poor countries. In Sub-Saharan Africa in particular, inhabitants of rural areas 
stand at large disadvantage in both access and quality of preventive health services. With low population 
density, an important constraint relates to inherent logistical difficulties. Distance either strongly 
increases the cost of health campaign that directly reach out to the targeted populations, or strongly 
reduces households’ willingness to visit doctors - and particularly so for preventive health. Our results 
suggest that, from the LDB standpoint, the increase in milk delivery generated by the incentive is not 
sufficient to cover the full cost of the incentive itself – largely due to its limited complier population, its 
seasonal effectiveness and its unit cost. From a public policy perspective, however, such contract may 
prove efficient at reaching remote populations, opening up avenues for public-private partnerships in 
preventive health or nutrition services within agricultural value chains in poor countries. 
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Figures 
 

Figure 1. Pre-intervention aggregate deliveries to LDB 

  
 

Figure 2: Randomization of concessions across 4 milk collection routes 
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Figure 3: Descriptive evidence (local linear regressions) 
 

 

 
 
 
  



25 
 

Figure 4. Parameter estimates of the impact of the incentive, by week 
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Figure 5. Parameter estimate of the impact of the incentive, by week  
and disaggregated by gender of container head. 

 
 
 



27 
 

 

Table 1: Baseline means by intervention arm household level analysis 

 N All  Control Treatment P-value of 

diff. 

Container level data      

Female container head 381 0.24 0.23 0.24 0.94 

Number of children on contract 385 4.05 4.08 4.02 0.85 

Number of cows listed in contract 385 3.77 4.01 3.53 0.08 

Collective container 385 0.13 0.14 0.12 0.65 

Milk production from December 9, 2012 (pre-study)      

Total weekly milk delivered to LDB (liters) 385 22.59 23.11 22.06 0.60 

Container delivered at least once in the past week (%) 385 0.96 0.95 0.97 0.37 

# of days delivered milk in the past week 385 6.29 6.22 6.37 0.40 

P-value from joint F-test     0.47 

Household level data      

Female household head 435 0.19 0.18 0.21 0.46 

Age of household head 434 49.00 47.90 50.21 0.07 

Household head has any schooling 435 0.04 0.03 0.05 0.22 

Household size 435 8.72 8.56 8.90 0.41 

Number of children 0-5 yrs 435 2.00 2.00 1.99 0.89 

Owns or manages land 434 0.51 0.49 0.53 0.48 

=1 if HH member is responsible for milk container 435 0.83 0.81 0.86 0.20 

=1 if HH member fills other milk containers 435 0.16 0.19 0.13 0.12 

Total number of milk containers HH is responsible for or fills 435 1.05 1.05 1.06 0.77 

Number of lactating cows 434 6.53 6.29 6.81 0.13 

Number of cows that were milked yesterday 433 6.39 6.12 6.67 0.16 

Litres of milk collected yesterday 429 5.96 6.23 5.68 0.23 

Liters of milk collected in a typical day (dry) 433 4.18 4.37 3.98 0.29 

Liters of milk collected in a typical day (rainy) 433 12.73 12.50 12.97 0.57 

Percent of income from - Milk (dry) 431 25.42 26.22 24.55 0.46 

Percent of income from - Milk (rainy) 431 56.03 55.96 56.11 0.96 

Percent of milk sold to LDB (dry) 406 55.69 55.41 56.01 0.85 

Percent of milk sold to LDB (rainy) 432 64.14 62.88 65.52 0.17 

Percent of milk sold to local market (dry) 406 3.56 4.21 2.82 0.25 

Percent of milk sold to local market (rainy) 432 3.81 3.73 3.91 0.87 

Number of years affiliated with LDB 435 4.75 4.86 4.64 0.30 

P-value from joint F-test     0.18 
Baseline means by intervention arm at container level and household level. P-values from tests on the equality of means for each variable. 
Standard errors are clustered at the concession level. P-value from F-tests of joint significance reported in bottom row of both panels.  
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Table 2: Impact of treatment on milk production, year-level 

 # weeks satisfied 

contract, per 
container 

# active weeks, per 

container 

Total # days delivered, 

per container 

Total # liters delivered, 

per container 

Treatment 2.66 1.56 3.48 2.53 23.89 18.26 55.91 -47.26 

 (1.37)* (1.49) (1.20)***  (1.32)* (8.29)***  (9.15)** (90.93) (107.23) 

Female container head  -3.04  -1.80  -6.84  -393.20 

  (2.77)  (2.55)  (17.06)  (129.17)*** 

Treatment * Female container head  4.70  4.06  24.04  440.21 

  (3.34)  (2.96)  (20.07)  (182.45)** 

Constant 12.81 13.26 29.69 30.08 130.92 133.22 -425.23 -383.07 

 (2.52)***  (2.63)***  (2.54)***  (2.65)***  (16.22)***  (16.96)*** (163.12)*** (166.47)** 

R2 0.16 0.16 0.17 0.17 0.19 0.19 0.44 0.44 

N 381 381 381 381 381 381 381 381 

Mean of control group 26.37  35.24  215.58  1169.04  

Treatment+Treatment*female container head  6.26  6.60  42.30  392.95 

P-value: Treatment + Treatment*female container head=0  0.04  0.01  0.02  0.01 

Mean of control group, female container head  25.36  34.67  217.29  922.04 

Standard errors in parenthesis clustered at the concession level. * p<0.1 ** p<0.05; *** p<0.01 

All models control for total number of lactating cows on contract, 

whether container is a collective container, number of children on the contract. 

All models also include lottery fixed effects. 
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Table 3: Impact of treatment on number of lactating cows and amount of milk produced, by month 

 # of lactating 

cows 

# of lactating 

cows near 

concession 

# of cows milked 

daily 

# of liters 

collected per 

cow per day 

Total # of liters 

collected per day 

Treat X Month = 2 0.19 0.13 0.08 0.04 0.19 

 (0.20) (0.18) (0.16) (0.03) (0.25) 

Treat X Month = 3 0.32 0.34 0.38 0.00 0.31 

 (0.22) (0.25) (0.23) (0.04) (0.31) 

Treat X Month = 4 0.26 0.52 0.65 -0.02 0.46 

 (0.26) (0.29)* (0.27)** (0.04) (0.34) 

Treat X Month = 5 0.30 0.68 0.76 -0.04 0.50 

 (0.28) (0.35)* (0.33)** (0.05) (0.38) 

Treat X Month = 6 0.58 0.47 0.62 -0.03 0.81 

 (0.34)* (0.40) (0.38)* (0.06) (0.45)* 

Treat X Month = 7 0.41 0.79 0.91 0.04 1.43 

 (0.39) (0.46)* (0.41)** (0.08) (0.66)** 

Treat X Month = 8 0.16 -0.30 -0.15 -0.03 -0.39 

 (0.40) (0.45) (0.41) (0.08) (0.70) 

Treat X Month = 9 0.02 -0.43 -0.19 -0.02 -0.02 

 (0.39) (0.45) (0.42) (0.08) (0.72) 

Treat X Month = 10 0.13 -0.44 -0.24 0.02 0.15 

 (0.37) (0.41) (0.39) (0.08) (0.65) 

Treat X Month = 11 0.03 -0.36 -0.27 0.09 0.38 

 (0.34) (0.36) (0.34) (0.06) (0.51) 

Treat X Month = 12 0.28 -0.10 -0.10 0.05 0.34 

 (0.33) (0.34) (0.33) (0.05) (0.40) 

R2 0.61 0.45 0.48 0.34 0.46 

N 4,730 4,730 4,730 4,113 4,718 

Standard errors in parenthesis clustered at the concession level. All models control for the following baseline variables: age of head, whether head is female, number of children 0-5 years 

old, total number of lactating cows at baseline, whether there are any container heads in household, as well as initial value of dependent variable (value from January 2013). All models also 
include lottery dummies as well as month fixed effects. * p<0.1 ** p<0.05; *** p<0.01 
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Table 4: Impact of treatment on milk-related behavior, by month and gender of container head 

 # of lactating cows # of lactating cows 

near concession 

# of lactating cows 

milked 

# of liters collected per 

cow per day 

Total # of liters 

collected per day 
 Male Female Male Female Male Female Male Female Male Female 

Treat X Month = 2 0.13 -0.30 0.16 -0.25 0.11 -0.33 0.05 0.09 0.26 0.10 

 (0.23) (0.34) (0.21) (0.47) (0.18) (0.49) (0.04) (0.10) (0.29) (0.71) 

Treat X Month = 3 0.19 0.04 0.13 0.73 0.21 0.59 -0.00 0.08 0.12 1.08 

 (0.26) (0.41) (0.27) (0.71) (0.24) (0.73) (0.04) (0.10) (0.35) (0.89) 

Treat X Month = 4 0.25 -0.35 0.38 0.58 0.52 0.58 -0.01 0.03 0.34 0.90 

 (0.30) (0.51) (0.33) (0.75) (0.31)* (0.77) (0.05) (0.11) (0.40) (0.90) 

Treat X Month = 5 0.29 -0.33 0.18 1.98 0.26 2.01 -0.03 -0.08 0.04 2.20 

 (0.32) (0.50) (0.37) (0.88)** (0.34) (0.89)** (0.05) (0.14) (0.42) (0.98)** 

Treat X Month = 6 0.56 0.02 0.07 1.40 0.28 1.37 -0.05 0.03 0.43 2.33 

 (0.38) (0.72) (0.44) (0.94) (0.40) (0.94) (0.06) (0.15) (0.51) (1.03)** 

Treat X Month = 7 0.35 -0.02 0.70 0.91 0.86 0.86 0.06 0.00 1.48 1.51 

 (0.45) (0.70) (0.55) (0.96) (0.48)* (0.97) (0.09) (0.17) (0.78)* (1.37) 

Treat X Month = 8 0.02 -0.01 -0.19 -0.85 -0.04 -0.74 -0.01 -0.08 -0.00 -1.71 

 (0.45) (0.71) (0.51) (0.82) (0.46) (0.82) (0.10) (0.14) (0.86) (1.26) 

Treat X Month = 9 -0.11 -0.20 -0.29 -1.11 -0.06 -0.87 -0.01 -0.02 0.22 -0.55 

 (0.44) (0.71) (0.50) (0.93) (0.46) (0.94) (0.09) (0.16) (0.86) (1.26) 

Treat X Month = 10 -0.02 -0.01 -0.40 -0.79 -0.19 -0.59 -0.00 0.18 0.17 0.43 

 (0.42) (0.71) (0.44) (0.85) (0.42) (0.87) (0.08) (0.17) (0.76) (1.17) 

Treat X Month = 11 -0.06 -0.36 -0.31 -0.69 -0.25 -0.48 0.08 0.20 0.40 0.61 

 (0.38) (0.66) (0.40) (0.75) (0.38) (0.75) (0.07) (0.11)* (0.56) (1.18) 

Treat X Month = 12 0.18 -0.10 -0.05 -0.50 -0.01 -0.64 -0.01 0.32 0.27 0.83 

 (0.38) (0.62) (0.39) (0.71) (0.37) (0.72) (0.06) (0.11)***  (0.46) (0.93) 

R2 0.56 0.78 0.44 0.53 0.48 0.52 0.34 0.46 0.45 0.56 

N 3,564 1,045 3,564 1,045 3,564 1,045 3,086 910 3,554 1,043 

Standard errors in parenthesis clustered at the concession level. All models control for the following baseline variables: age of head, whether head is female, whether there are any container heads in 
household, number of children 0-5 years old, total number of lactating cows at baseline, as well as initial value of dependent variable (value from January 2013). All models also include lottery 

dummies as well as month fixed effects. * p<0.1 ** p<0.05; *** p<0.01.  Male and female refer to the gender of the container head. For households with more than one container, the indicator for 

female container head refers to at least one of the container heads is female in the household. 
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Table 5: Impact of treatment on milk-usage, by month 

 % of milk for 

personal use 

% of milk for 

LDB 

% of milk for 

market 

% of milk for 

other 

Treat X Month = 2 -0.01 0.01 -0.00 0.00 

 (0.01) (0.01) (0.00) (0.00) 

Treat X Month = 3 -0.01 0.01 -0.00 0.00 

 (0.02) (0.02) (0.01) (0.00) 

Treat X Month = 4 -0.01 -0.00 0.01 0.00 

 (0.02) (0.02) (0.01) (0.00) 

Treat X Month = 5 0.02 -0.01 -0.00 0.00 

 (0.02) (0.02) (0.01) (0.00) 

Treat X Month = 6 -0.01 0.01 -0.00 0.01 

 (0.02) (0.03) (0.01) (0.00) 

Treat X Month = 7 -0.02 0.01 0.01 0.01 

 (0.02) (0.03) (0.01) (0.00)* 

Treat X Month = 8 0.00 -0.01 0.00 -0.00 

 (0.02) (0.02) (0.01) (0.00) 

Treat X Month = 9 0.02 -0.02 0.00 0.00 

 (0.02) (0.02) (0.01) (0.00) 

Treat X Month = 10 0.04 -0.03 -0.01 0.00 

 (0.02)** (0.02) (0.01) (0.00) 

Treat X Month = 11 0.02 -0.02 0.00 0.00 

 (0.02) (0.02) (0.01) (0.00) 

Treat X Month = 12 0.03 -0.04 0.01 0.00 

 (0.02) (0.02)* (0.01) (0.00) 

R2 0.20 0.23 0.34 0.76 

N 4,138 4,138 4,138 4,138 

Standard errors in parenthesis clustered at the concession level. All models control for the following baseline variables: age of head, whether head is female, whether 
there are any container heads in the household, number of children 0-5 years old, total number of lactating cows at baseline, as well as initial value of dependent 

variable (value from January 2013). All models also include lottery dummies as well as month fixed effects. * p<0.1 ** p<0.05; *** p<0.01  
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Table 6: Impact of treatment on female decisionmaking 

 Buying of cattle, 

selling of cattle, 

and use of 
money from sale 

Type of feed to 

give cow 

Use of vetinerary, 

vaccinations, 

artificial 
insemination 

How much and 

where to sell 

milk, and use of 
money from sale 

How much milk 

to give children 
and others 

Which cows and 

when they should 

go on migration, 

which hh member 

will accompany 

Female 

decisionmaking 
index (0-15) 

Treatment 0.02 0.03 0.03 0.00 0.05 0.03 0.05 0.03 0.04 0.03 0.05 0.03 0.55 0.32 

 (0.03) (0.03) (0.03) (0.03) (0.02)** (0.02) (0.04) (0.04) (0.03) (0.04) (0.02)* (0.03) (0.27)** (0.29) 

Treatment X Female container head  -0.05  0.12  0.06  0.09  0.05  0.09  0.93 

  (0.08)  (0.08)  (0.07)  (0.08)  (0.07)  (0.07)  (0.82) 

Female container head  -0.01  -0.07  -0.05  -0.02  0.00  -0.07  -0.58 

  (0.05)  (0.05)  (0.05)  (0.06)  (0.05)  (0.05)  (0.53) 

R2 0.40 0.38 0.33 0.33 0.40 0.39 0.46 0.45 0.51 0.51 0.31 0.31 0.48 0.48 

N 433 422 433 422 433 422 433 422 433 422 433 422 433 422 

Mean of control group 0.13  0.12  0.07  0.75  0.78  0.08  4.47  

Treatment+ Treatment*female 

container head 

 -0.02  0.12  0.09  0.12  0.08  0.12  1.24 

P-value:Treatment+ 

Treatment*female container 

head=0 

 0.78  0.12  0.17  0.07  0.15  0.06  0.09 

Mean of control group, female 

container head 

 0.26  0.17  0.13  0.81  0.85  0.13  5.47 

Standard errors in parenthesis clustered at the concession level. All models control for the following baseline variables: age of head, whether head is female, whether there are any container 

heads in the household, number of children 0-5 years old, total number of lactating cows at baseline. All models also include lottery group dummies and enumerator dummies. * p<0.1 ** 

p<0.05; *** p<0.01. Female decisionmaking index is constructed from 15 decisionmaking questions with respect to milk production. For households with more than one container, the 
indicator for female container head refers to at least one of the container heads is female in the household. 
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Appendix 

Table A.1: Gender-disaggregated impact of incentive on milk production, by week 

 Fulfilled contract Container delivered at 

least once in the past 

week 

# of days delivered 

milk in the past week 

Total weekly milk 

delivered 

 Male Female Male Female Male Female Male Female 

Treat X Week = Jan 27 -0.03 -0.05 0.03 0.03 0.25 -0.29 -0.53 4.71 

 (0.05) (0.10) (0.02) (0.04) (0.18) (0.33) (1.57) (2.54)* 

Treat X Week = Feb 3 -0.04 0.02 0.06 -0.01 0.40 0.11 -0.05 5.52 

 (0.05) (0.10) (0.03)** (0.05) (0.20)** (0.41) (1.59) (2.77)* 

Treat X Week = Feb 10 0.04 0.13 0.06 0.12 0.48 0.51 1.52 6.79 

 (0.05) (0.10) (0.03)** (0.07)* (0.20)** (0.43) (1.70) (3.33)** 

Treat X Week = Feb 17 0.05 0.15 0.07 0.10 0.54 0.55 1.37 6.69 

 (0.05) (0.11) (0.03)** (0.07) (0.20)***  (0.46) (1.81) (3.54)* 

Treat X Week = Feb 24 0.09 0.11 0.06 0.08 0.48 0.33 1.52 7.79 

 (0.05)* (0.11) (0.03)** (0.07) (0.22)** (0.44) (1.75) (3.38)** 

Treat X Week = Mar 3 0.13 0.02 0.06 0.08 0.42 0.46 2.26 8.03 

 (0.05)** (0.11) (0.03)* (0.06) (0.25)* (0.42) (1.82) (3.54)** 

Treat X Week = Mar 10 0.11 0.04 0.07 0.06 0.49 0.17 2.38 7.80 

 (0.05)** (0.10) (0.04)* (0.05) (0.25)* (0.40) (1.85) (3.96)* 

Treat X Week = Mar 17 0.10 0.06 0.09 0.10 0.58 0.60 2.34 8.81 

 (0.05)* (0.10) (0.04)** (0.06) (0.27)** (0.42) (1.92) (3.61)** 

Treat X Week = Mar 24 0.16 0.08 0.09 0.10 0.53 0.84 2.53 10.00 

 (0.06)***  (0.10) (0.04)**  (0.07) (0.29)* (0.47)* (1.98) (3.61)***  

Treat X Week = Mar 31 0.11 0.02 0.08 0.10 0.66 0.68 2.21 8.43 

 (0.06)** (0.11) (0.04)* (0.07) (0.30)** (0.48) (2.09) (3.65)** 

Treat X Week = Apr 7 0.03 0.04 0.07 0.08 0.34 0.37 1.13 8.99 

 (0.06) (0.11) (0.04)* (0.08) (0.30) (0.49) (2.21) (3.87)** 

Treat X Week = Apr 14 0.05 0.13 0.09 0.06 0.39 0.40 1.96 8.99 

 (0.06) (0.10) (0.05)* (0.08) (0.30) (0.51) (2.15) (3.45)** 

Treat X Week = Apr 21 0.08 0.11 0.05 0.08 0.59 0.68 2.37 9.09 

 (0.06) (0.11) (0.05) (0.09) (0.32)* (0.58) (2.25) (3.14)***  

Treat X Week = Apr 28 0.07 0.20 0.08 0.06 0.81 0.77 1.59 7.48 

 (0.06) (0.11)* (0.05) (0.10) (0.34)** (0.63) (2.30) (3.13)** 

Treat X Week = May 5 0.08 0.13 0.15 0.10 1.07 0.46 2.88 6.18 

 (0.06) (0.11) (0.05)***  (0.10) (0.35)***  (0.65) (2.32) (3.13)* 

Treat X Week = May 12 0.10 0.26 0.14 0.17 0.81 1.24 2.25 7.37 

 (0.06) (0.11)** (0.06)** (0.10)* (0.37)** (0.66)* (2.47) (3.11)** 

Treat X Week = May 19 0.07 0.08 0.12 0.15 0.61 0.93 1.52 6.96 

 (0.06) (0.11) (0.06)** (0.10) (0.35)* (0.64) (2.38) (3.00)** 

Treat X Week = May 26 0.06 0.17 0.11 0.19 0.77 1.28 1.58 8.42 

 (0.06) (0.11) (0.06)** (0.11)* (0.38)** (0.67)* (2.49) (3.19)** 

Treat X Week = Jun 2 0.04 0.26 0.13 0.26 0.59 1.64 1.80 9.68 

 (0.06) (0.10)** (0.06)** (0.11)**  (0.37) (0.70)** (2.46) (3.02)***  

Treat X Week = Jun 9 0.05 0.35 0.11 0.32 0.60 2.06 1.02 10.34 

 (0.06) (0.10)***  (0.06)** (0.11)***  (0.37) (0.71)***  (2.58) (3.15)***  

Treat X Week = Jun 16 -0.02 0.24 0.10 0.30 0.53 1.88 0.27 8.72 

 (0.05) (0.10)** (0.06)* (0.11)***  (0.37) (0.69)***  (2.60) (3.08)***  

Treat X Week = Jun 23 0.02 0.17 0.07 0.28 0.27 1.86 -0.31 7.26 

 (0.06) (0.10)* (0.06) (0.11)** (0.38) (0.69)***  (2.76) (2.99)** 

Treat X Week = Jun 30 -0.03 0.24 0.02 0.35 0.17 2.15 -0.05 7.59 

 (0.06) (0.10)**  (0.06) (0.11)***  (0.39) (0.71)***  (2.66) (3.03)** 

Treat X Week = Jul 7 -0.02 0.20 0.04 0.35 0.21 2.00 0.33 7.20 

 (0.06) (0.10)* (0.06) (0.11)***  (0.38) (0.68)***  (2.63) (3.25)** 

Treat X Week = Jul 14 0.02 0.17 0.04 0.35 0.16 1.97 0.39 7.45 

 (0.06) (0.11) (0.06) (0.11)***  (0.34) (0.64)***  (2.51) (3.38)** 

Treat X Week = Jul 21 -0.00 0.11 0.06 0.28 0.27 1.53 0.75 8.12 

 (0.06) (0.11) (0.06) (0.12)** (0.36) (0.71)** (2.37) (3.70)** 

Treat X Week = Jul 28 0.07 0.15 0.05 0.26 0.39 1.68 1.26 11.29 

 (0.06) (0.12) (0.06) (0.11)** (0.36) (0.71)** (2.66) (4.55)** 
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Treat X Week = Aug 4 -0.01 0.13 0.07 0.26 0.35 0.93 3.11 9.62 

 (0.04) (0.09) (0.06) (0.11)** (0.23) (0.47)* (2.26) (3.22)***  

Treat X Week = Aug 11 0.05 0.20 0.01 0.21 0.53 1.48 1.70 15.49 

 (0.06) (0.12)* (0.05) (0.09)** (0.32)* (0.59)** (4.75) (6.16)** 

Treat X Week = Aug 18 -0.04 0.17 0.01 0.19 -0.01 1.17 -6.60 15.30 

 (0.05) (0.10)* (0.05) (0.09)** (0.32) (0.58)** (5.85) (7.24)** 

Treat X Week = Aug 25 0.01 0.15 0.01 0.12 0.20 1.08 -6.19 13.96 

 (0.05) (0.08)* (0.04) (0.08) (0.29) (0.52)** (5.75) (7.67)* 

Treat X Week = Sep 1 0.01 0.13 -0.03 0.15 -0.04 0.73 -7.27 10.89 

 (0.05) (0.08) (0.04) (0.08)* (0.28) (0.52) (6.28) (7.53) 

Treat X Week = Sep 8 0.02 0.11 0.02 0.10 -0.04 0.82 -6.55 10.78 

 (0.05) (0.08) (0.04) (0.07) (0.28) (0.51) (6.29) (6.70) 

Treat X Week = Sep 15 0.01 0.11 -0.02 0.08 -0.06 0.55 -8.90 11.22 

 (0.04) (0.08) (0.04) (0.08) (0.28) (0.49) (6.41) (7.67) 

Treat X Week = Sep 22 -0.05 0.06 -0.01 0.08 -0.01 0.31 -5.17 6.97 

 (0.06) (0.11) (0.04) (0.08) (0.21) (0.39) (3.70) (4.24) 

Treat X Week = Sep 29 0.02 0.04 -0.02 0.08 0.03 0.44 -6.71 8.65 

 (0.04) (0.08) (0.04) (0.08) (0.28) (0.51) (5.19) (6.40) 

Treat X Week = Oct 6 -0.00 0.11 -0.02 0.10 -0.09 0.73 -7.96 12.42 

 (0.05) (0.09) (0.04) (0.08) (0.27) (0.51) (4.82) (6.03)** 

Treat X Week = Oct 13 -0.02 0.08 -0.02 0.08 0.05 0.35 -2.87 7.21 

 (0.06) (0.11) (0.04) (0.08) (0.21) (0.42) (2.73) (3.73)* 

Treat X Week = Oct 20 -0.03 -0.00 -0.00 0.10 -0.16 0.31 -5.21 9.75 

 (0.05) (0.09) (0.04) (0.08) (0.28) (0.52) (3.60) (4.77)** 

Treat X Week = Oct 27 0.01 -0.00 -0.00 0.08 0.04 0.22 -3.61 11.77 

 (0.05) (0.09) (0.04) (0.08) (0.30) (0.51) (3.21) (4.50)** 

Treat X Week = Nov 3 -0.02 -0.00 0.00 0.06 0.04 0.28 -5.10 9.94 

 (0.05) (0.09) (0.05) (0.08) (0.31) (0.54) (3.15) (4.39)** 

Treat X Week = Nov 10 0.04 0.04 0.00 0.03 0.23 0.17 -4.63 8.16 

 (0.05) (0.10) (0.05) (0.08) (0.31) (0.56) (2.99) (4.28)* 

Treat X Week = Nov 17 -0.00 0.02 0.03 0.03 0.25 0.04 -3.74 6.92 

 (0.05) (0.10) (0.05) (0.09) (0.31) (0.59) (2.63) (3.96)* 

Treat X Week = Nov 24 -0.03 0.06 0.03 0.06 0.05 0.44 -4.15 7.66 

 (0.06) (0.12) (0.05) (0.09) (0.32) (0.58) (2.56) (3.62)** 

Treat X Week = Dec 1 0.01 0.04 0.05 0.06 0.29 0.42 -3.52 7.19 

 (0.05) (0.10) (0.05) (0.09) (0.31) (0.60) (3.00) (4.13)* 

Treat X Week = Dec 8 0.01 -0.00 0.04 0.08 0.40 0.35 -2.98 5.40 

 (0.05) (0.10) (0.05) (0.09) (0.31) (0.57) (2.96) (3.85) 

Treat X Week = Dec 15 0.01 0.06 0.04 0.08 0.29 0.35 -3.73 5.83 

 (0.05) (0.10) (0.05) (0.09) (0.32) (0.58) (2.92) (3.69) 

Treat X Week = Dec 22 -0.00 -0.07 0.04 0.06 0.14 0.11 -4.04 5.82 

 (0.05) (0.10) (0.05) (0.09) (0.33) (0.58) (2.87) (3.67) 

Treat X Week = Dec 29 0.03 -0.00 0.06 0.03 0.34 0.13 -4.27 4.93 

 (0.05) (0.10) (0.05) (0.09) (0.32) (0.61) (2.76) (3.75) 

R2 0.20 0.28 0.21 0.26 0.26 0.36 0.41 0.53 

N 14,259 4,410 14,259 4,410 14,259 4,410 14,259 4,410 

Standard errors in parenthesis clustered at the concession level. * p<0.1 ** p<0.05; *** p<0.01. All models control for total number of lactating 
cows on contract, whether there are any container heads in household, number of children on the contract, as well as pre-intervention value of 

dependent variable. All models also include lottery and weekly time fixed effects. Male and female refer to the gender of the container head. For 

households with more than one container, the indicator for female container head refers to at least one of the container heads is female in the 
household. 
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Table A.2: Impact of treatment on milk-related behavior, by month and gender 

 % of milk for personal 

use 

% of milk for LDB % of milk for market % of milk for other 

 Male Female Male Female Male Female Male Female 

Treat X Month = 2 0.00 -0.04 0.01 0.01 -0.01 0.02 0.00 -0.00 

 (0.01) (0.03) (0.02) (0.03) (0.01) (0.01)* (0.00) (0.00) 

Treat X Month = 3 0.00 -0.03 0.00 0.00 -0.00 0.01 0.00 0.00 

 (0.02) (0.04) (0.02) (0.04) (0.01) (0.01) (0.00) (0.00) 

Treat X Month = 4 -0.00 -0.02 0.00 -0.04 0.00 0.04 -0.00 0.01 

 (0.02) (0.05) (0.03) (0.05) (0.01) (0.02)* (0.00) (0.00) 

Treat X Month = 5 0.04 -0.04 -0.03 -0.00 -0.01 0.02 0.00 0.00 

 (0.02) (0.05) (0.03) (0.05) (0.01) (0.02) (0.00) (0.00) 

Treat X Month = 6 -0.01 -0.01 0.01 -0.01 -0.00 0.00 0.00 0.00 

 (0.03) (0.05) (0.03) (0.05) (0.01) (0.02) (0.00) (0.01) 

Treat X Month = 7 -0.02 -0.04 0.02 -0.01 -0.00 0.03 0.00 0.01 

 (0.03) (0.04) (0.03) (0.04) (0.02) (0.02) (0.00) (0.01) 

Treat X Month = 8 0.01 -0.05 -0.01 0.03 -0.00 0.02 0.00 -0.01 

 (0.02) (0.04) (0.02) (0.04) (0.01) (0.02) (0.00) (0.01) 

Treat X Month = 9 0.03 -0.03 -0.03 0.02 0.00 -0.01 0.00 0.00 

 (0.02) (0.04) (0.02) (0.04) (0.01) (0.02) (0.00) (0.01) 

Treat X Month = 10 0.05 -0.02 -0.05 0.02 -0.00 -0.01 0.00 -0.00 

 (0.02)** (0.04) (0.02)** (0.04) (0.01) (0.02) (0.00) (0.00) 

Treat X Month = 11 0.01 0.02 -0.00 -0.05 -0.00 0.01 -0.00 0.00 

 (0.02) (0.05) (0.02) (0.05) (0.01) (0.01) (0.00) (0.00) 

Treat X Month = 12 0.03 -0.01 -0.04 -0.02 0.00 0.01 -0.00 0.00 

 (0.02) (0.05) (0.02) (0.05) (0.01) (0.01) (0.00) (0.00) 

R2 0.22 0.19 0.25 0.26 0.36 0.46 0.65 0.88 

N 3,111 910 3,111 910 3,111 910 3,111 910 

Standard errors in parenthesis clustered at the galee level. All models control for the following baseline variables: age of head,whether head is female, number of children 0-5 years old, total number of 

lactating cows at baseline, whether there are any container heads in household, as well as initial value of dependent variable (value from January 2013). All models also include lottery dummies as well as 

month fixed effects. * p<0.1 ** p<0.05; *** p<0.01. Male and female refer to the gender of the container head. For households with more than one container, the indicator for female container head refers 

to at least one of the container heads is female in the household. 
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Table A.3: Impact of treatment on willingness to deliver milk 

 Willing to deliver if 

price X <= 200 FCFA 

Willing to deliver if 

price Y >200 FCFA 

Treatment -0.01 0.03 0.00 -0.01 

 (0.03) (0.04) (0.02) (0.03) 

Treatment X Female container head  -0.14  0.04 

  (0.08)*  (0.05) 

Female container head  0.10  -0.02 

  (0.07)  (0.04) 

R2 0.29 0.28 0.17 0.18 

N 433 422 433 422 

Mean of control group 0.17  0.94  

Treatment+ Treatment*female container head  -0.11  0.03 

P-value:Treatment+ Treatment*female container head=0  0.14  0.41 

Mean of control group, female container head  0.23  0.96 
Standard errors in parenthesis clustered at the concession level. All models control for age of head, whether head if female, and total number of 

lactating cows at baseline. All models also include lottery group dummies and price dummies. * p<0.1 ** p<0.05; *** p<0.01. For households 
with more than one container, the indicator for female container head refers to at least one of the container heads is female in the household. 

 

Table A.4: Mothers' knowledge of contract 

 Heard about contract Knowledge of what 

happens if fulfill 

contract 

Knowledge of what 

happens if dont fulfill 

contract 

Treatment 0.25 0.24 0.29 0.29 0.10 0.12 

 (0.04)***  (0.04)***  (0.04)***  (0.05)***  (0.04)***  (0.04)***  

Treatment X Mother is container head  0.02  -0.01  -0.17 

  (0.14)  (0.14)  (0.12) 

Mother is container head  0.00  0.04  0.09 

  (0.12)  (0.11)  (0.09) 

R2 0.12 0.12 0.14 0.14 0.09 0.09 

N 572 571 572 571 572 571 

Mean of control group 0.43  0.32  0.12  

Treatment+ Treatment*Mother is container head  0.26  0.28  -0.05 

P-value:Treatment+ Treatment*Mother is container head=0  0.05  0.04  0.62 

Mean of control group, mother is container head  0.50  0.43  0.21 
Standard errors in parenthesis clustered at the concession level. All models control for the following baseline variables: age of head, whether head is female, whether there are any 

container heads in the household, number of children 0-5 years old, total number of lactating cows at baseline. All models also include lottery group dummies. * p<0.1 ** p<0.05; 
*** p<0.01. Dataset is composed of all mothers in the household with a child 2-5 years old. 


