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Abstract

The literature on decision-making within households is extended to contexts in which
household structure is more complex than a couple or single person heading a household with
children. Using data on farm households in Burkina Faso, our research includes couples with
other adults in the household and polygamous households. Using data on consumption choices,
we establish that even in these complex households, resource allocations are consistent with
efficiency in the sense that no one can be made better off without loss in the welfare of an-
other household member. In addition to taking heterogeneity in preferences and control over
resources seriously, we also establish that it is imperative that studies take into account the
number of decision-makers in the households. These results contrast sharply with evidence
that the same farm households do not allocate resources to farms efficiently indicating that
tests of models of resource allocation based on production decisions can be misleading.
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“A family is like a forest, when you are outside it is a dense unit, when you are
inside you see that each tree has its place”.

– West African proverb

1 Introduction

Understanding decision-making within households is an important scientific and policy issue. It
has been argued that the economic empowerment of women is key for development of a society
(see, for example, the review by Duflo, 2012). However, without a clear understanding of the
processes underlying intra-household decision-making, policies that are intended to improve the
status of women and their families may be ineffective or, worse, in some cases have been shown to
backfire (Dey, 1993). While the traditional characterization of households as groups of individuals
who behave as if they share the same preferences, the unitary model, has been a powerful tool
in understanding consumption behavior (Deaton and Muellbauer, 1980), the assumptions underly-
ing the model have been shown to be overly restrictive in some settings,1 there is little consensus
around the general applicability of a specific alternative model. An important class of models
assumes only that household allocations are collectively rational in the sense that resource alloca-
tions are Pareto efficient as described in seminal work by Chiappori (1988, 1992) and extended by
Browning and Chiappori (1998), Chiappori and Ekeland (2006) and Cherchye et al (2012). From
an empirical perspective, the extent to which household behavior is consistent with efficiency has
not been resolved.

On the one hand, studies based on consumption choices of households in Canada (Brown-
ing and Chiappori, 1998), France (Bourguignon et al., 1993), Mexico (Bobonis, 2009; Attanasio
and Lechene, 2014), Taiwan (Thomas and Chen, 1994) and the United States (Chiappori et al,
2002) fail to reject the hypothesis that resources are allocated Pareto efficiently. On the other
hand, very insightful contributions focusing on aspects of agricultural productivity and input us-
age among farm households in rural West Africa cast doubt on this conclusion. Akresh (2008),
Owens (2001) and Udry (1996), for example, exploit the fact in some areas of Burkina Faso and
Senegal, household members farm independent plots of land and report that these individuals fail
to maximize farm profits at the household level.2 They conclude that holding all other inputs con-
stant, reallocating land away from wives to their husbands would result in very large increases
in total agricultural output of the farm household. This is an important, widely cited and very
influential result. It has spearheaded a number of experimental and non-experimental studies em-

1See, for example, Schultz (1990); Thomas (1990); Lundberg et al (1997); Rubalcava and Thomas (2000); Rangel
(2006); Oreffice (2007) and Martinez (2013). See also Lafortune (2013) and Chiappori et al. (2016) for extensions
that include marriage market impacts of female empowerment.

2See also Duflo and Udry (2004), Goldstein and Udry (2008), Jones (1983), and Von Braun and Webb (1989).
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phasizing non-cooperation, asymmetric information and limited commitment, with some attention
to polygynous and extended households (Akresh et al, 2012, 2016; Ahsraf, 2009; Barr et al., 2019;
Guirkinger et al., 2015; Kazianga and Wahhaj, 2013, 2017; Munro et al., forthcoming; Robinson,
2012; Walther, 2018). Above all, it is a remarkable finding as it indicates that, even in environ-
ments in which resources are extremely constrained with households eking out a subsistence and
survival a paramount concern, individuals sharing a roof systematically fail to allocate resources
in a way that is Pareto efficient.

Drawing on rich data from rural West Africa, we exploit the fact that the same agricultural-
households make decisions over both production and consumption and contrast inferences drawn
about how resources are allocated within the household. Specifically, using the 2014 survey of farm
households collected in Burkina Faso by the World Bank and national statistical agency (INSD,
2016), we test implications of a theoretical model of behavior that assumes resource allocations
are Pareto efficient both on production choices, exploiting plot-level data, and on the allocation of
the household budget. We make three contributions to the literature.

First, we replicate the finding that allocations are not efficient: controlling observed char-
acteristics of plots, those farmed by females are substantially less productive than those farmed
by men within the same household. However, on the allocation of the budget to consumption,
for exactly the same households, there is no evidence that resource allocations are not efficient.
We argue that, in the absence of understanding how specific plots are allocated among household
members, and how those allocations are linked to time-varying innate productivity of each plots,
it is extremely difficult to evaluate whether resource allocations are efficient. Those tests are po-
tentially contaminated by unobserved heterogeneity that is correlated with the identity of the plot
owner (or plot manager). This source of contamination does not affect consumption-based tests
and so we conclude that the balance of evidence is not consistent with rejection of efficient resource
allocations on farm households.

Second, a key element of models of decision-making is measures of resources that are
plausibly under the control of individuals within a household. Intuitively, these distribution factors
are related to bargaining power and drive the distribution of resources within the household. We
exploit the Burkinabe cultural setting in which individual males and females control specific plots
of land in conjunction with detailed information about land use and land ownership collected in
the survey to provide well-measured individual-specific distribution factors. Drawing on the the-
ory underlying distribution factors, we use the amount of land an individual owns with a title or
through inheritance as our primary indicator of power within the household since this is the land
the individual will retain in the event of household dissolution.

Third, within the context of consumption decisions we estimate that in households with
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a husband and more than one wife, or any other adult member for that matter, negotiations over
resource allocation are more complicated. To understand this result, we draw on the theory and
establish that there are more active decision-makers in these households. Yet, despite the more
elaborated process, and the fact that shifting ownership of resources across individuals impacts de-
cisions, it is not possible to improve the well-being of household members without hurting others.
In other words: efficiency is achieved.

While our conclusion regarding the behavior of West African households is in keeping with
the recent empirical literature on household resource allocation in other countries across the entire
globe, it does not imply that improving the status of women is either infeasible or undesirable.
Rather, it suggests that thinking about these issues in the context of a model of collective rationality
is likely to be profitable both to policy makers and to science.3 The results regarding decision
makers within the extended family also has important implications for understanding families in
a broader context. In the U.S., for example, little is known about how parents and their non co-
resident adult children negotiate resource-sharing and whether those allocations are efficient in an
economic sense.

2 Conceptual framework

2.1 Overview

A distinguishing feature of farm households is that production and consumption decisions are
intimately connected because they produce agricultural goods both for sale and for their own con-
sumption. In addition, many farm households allocate labor both on and off the farm. Models of
farm households have been used to investigate a wide array of important issues in development
including the functioning of markets, the relationship between health and productivity, the welfare
impacts of changes in prices, of technological innovation and of public policies (Jayachandran,
2006; Singh et al., 1986; and Strauss, 1986).

Relatively few studies have explored this generalized decision-making within the farm-

household even though the anthropological literature has documented many examples of farm
household responses to policy and technological changes that suggest within households dynamics
are extremely important (Guyer, 1997). A well-known example involves a government intervention
in the Gambia that sought to improve the economic status of women by introducing technology
to raise the productivity of rice which had traditionally been cultivated by women. As rice turned

3Advances on the computation of equivalence scales to models of the household that allow for preference hetero-
geneity can be seen in Browning et al (2013), on the computation of sharing rules in Laurens et al. (2015), and on the
analysis of individual poverty in Dunbar et al. (2013).
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from subsistence to a cash crop, males took over cultivation and marketing (Dey, 1993). Clearly,
the program did not have the intended direct impact on the status of women although the net
effect on the well-being of women and other family members has not been established. Similarly,
potential benefits of public-policy-induced innovation in cotton production in Tanzania, a crop
controlled by men, were not fully realized as women did not tend the cotton plants but continued
to cultivate maize (Fortman, 1986). These types of studies have been interpreted as providing
prima facie evidence that the dynamics of the allocation of time and financial resources within farm
households is not consistent with the unitary model and unlikely to be efficient. This argument has
particular force in the African context where it is not uncommon for a farm household to be headed
by a male with many wives, all of whom manage their own plots. Moreover a large number of
ethnographic studies conducted in West Africa indicate that it is neither the custom nor the practice
for husbands and wives to pool their resources. Many of these studies indicate that husbands
and wives take responsibility for different domains of decision-making and resource allocation,
although the precise domains vary across cultures and societies (See Guyer, 1980; Mook, 1986
and Orubuloye et al., 1991).

In the present article we base ourselves on a conceptualization of the farm household which
allows for heterogeneity in the preferences among individual members, also permitting these mem-
bers to have agency in decision-making. We restrict attention to a characterization that assumes
collective rationality and set out to test the empirical implications of imposing that resource allo-
cations are Pareto efficient. This lays the foundation for the empirical analyses presented below.

The farm household we have in mind can be characterized as making decisions based on a
welfare function which aggregates over the felicity functions of different members, or sub-groups
of members such as generations, gender, blood ties and so on. Members derive utility from con-
sumption and leisure, but in a way that is a function of characteristics of the farm household as a
whole and/or of its members. The consumption vector includes market goods (non-food consump-
tion and food purchased in the market) and agricultural commodities produced by the household,
while leisure is time to spare after accounting for all the time spend in market and on-the-farm
work. In keeping with the collective characterization we also envision the aggregation of utilities
being influenced by the weight in decision-making each individual members has, which we allow
to be influenced by total resources, prices and “distribution factors”, which are elements that do
not directly affect individual preferences nor the household’s budget constraint.

Household units are limited in their choices by their time and money budgets. The income
generating process consists of returns to labor supplied to the market, profits from production on all
plots (which includes rents to fixed inputs), and non-labor/non-business income (transfers, gifts).
Just like in the characterization of preferences, budget items are also individualized. Therefore,
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in the absence of specific information on how income from productive activities are divided, we
assume that profits derived from agricultural activity on a given plot accrue to the person listed as
the “owner” of that area.4

Farm production is assumed to consist of both food (partially consumed by the household,
and partially sold) and non-food cash crops (which are sold in the market place). Technology is
embedded in the a plot-level production function which transforms area planted, labor inputs, and
other variable inputs into output. All independent areas (plots) have their output combined, with
each plot contribution to total production being conditional on their specific characteristics (soil
type, soil quality, weather conditions faced). This follows a characteristic production function:
concave, decreasing in outputs and increasing in inputs. All household members are assumed to be
subject to the same technological parameters that govern the optimal combination of inputs within
each plot.

Each household maximizes both profits and welfare which yields demands for inputs and
consumption goods, off-farm labor supply and farm output. Under the assumption that markets
are complete in the sense that all prices are treated as parametric, own labor and the labor of hired
workers are perfect substitutes and there is no uninsurable uncertainty, then the farm household
optimization program could be treated as recursive (Singh, Squire and Strauss, 1986). This is
a very strong assumption, however. It has powerful implications for behavior in the model; to
wit, behavioral choices can be treated as if all farm production decisions are delegated to a profit
maximizing third party with the household retaining all profits. Thus, although household members
all make production and consumption decisions simultaneously, the process can be modeled as if
the decisions are made sequentially. In the first stage, each household members maximizes profits
on the plots they hold, conditional on technology. In the second stage, the household maximizes
utility subject to time and budget constraints which take as given time allocated to labor on the
farm and the sum of profits from all the plots.

The assumption that decisions are recursive is not innocuous. It rules out the possibility
that the marginal value of labor supplied by those who have control over a plot (own the plot) is
different from that of labor supplied by others – be they household members, hired laborers or
exchange workers. That is, there is no scope for managerial skill (of the plot owner), monitoring
costs or shirking (by others). Farm gate and market prices are assumed to be the same and thus there
are no market externalities, no scope for transactions costs and no indivisibilities. All household
members have access to a complete set of futures markets including markets for insurance.5

4This corresponds to the context we study and the type of information available in the data we employ on our
estimations.

5Despite the wide reach of such assumption, evidence in its support is mixed; see, for example, Pitt and Rosenzweig
(1986), Benjamin (1998), Lafave and Thomas (2016), and Dillon et al. (2019).
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The key point here is that, if decisions are not recursive, then production decisions by indi-
vidual household members reflect the combined influence of not only technology, the characteris-
tics of their plots and their own characteristics (such as farming skill) but also their own preferences
(including altruism towards other household members and agency in decision-making), all prices
and exogenous income. By the same token, consumption choices depend not only on preferences,
prices and total income but also on the sources of income (i.e. profits from own plots) and thus
technology, fixed inputs and plot characteristics. For the purposes of our research it is important to
keep an eye for the potential effects of market incompleteness over tests regarding the efficiency
of intra-household allocations.

2.2 The empirical implications of collective rationality

The assumption that decisions are Pareto efficient applies to both profit maximization in farm
production, and to resource allocation with respect to consumption. Specifically, the assumption
implies and embodies: i) optimal allocation of available goods across individual members – given
the aggregate amounts of income available so that the distribution of consumption maximizes each
individual’s well-being while meeting (minimum) utility requirements for all other members, and;
ii) efficient production across plots given plot characteristics and technologies. That is, it should
not be possible to reassign production plans across production sets (plots) so as to produce, in the
aggregate, more of a particular output (or use less of a particular input) without producing less
(using more) of another.

Empirical tests for efficiency in each domain are discussed separately in the next two sub-
sections because each class of tests calls for different data and are subject to distinct sources of
limitations. We begin with tests for efficiency in consumption.

2.2.1 Preference-heterogeneity and efficiency in consumption choices

Farm households have traditionally been characterized by the unitary model. In this formulation,
either by the power of consensus (Samuelson, 1956) or by the emergence of a dictator (Becker,
1991), the decision process is summarized by a representative individual’s utility function. This
means that either the household agrees on the utility derived from each choice to be made (there-
fore, the felicity functions are identical), or the choices are based on the dictators’ view of the world
(the non-dictator’s felicity gets zero weight). In practice, these two alternatives are observationally
equivalent.

Alternatively, households can be considered as composed of individuals with heteroge-
neous preferences. A theoretically appealing class of models proposed and developed by Chiappori
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(1988, 1992, 1997) and Browning and Chiappori (1998) assumes that household behavior is collec-
tively rational. The motivation is similar to other contributions to the literature based on bargaining
concepts, but collective rationality abstracts from specifying the bargaining process.6 This model
axiomatically requires an efficient result for the negotiations regarding the allocation of resources
within the household. Even though the model is set up as a static framework, its justification is
almost invariably based on the repeated nature of the interaction between family members, which
would promote the exhaustion of efficiency enhancement possibilities. In practice, in this alterna-
tive formulation the weights attributed to the felicity functions of different household members are
not constant, so that the allocation of resources is ultimately subject to renegotiation depending on
individual influence in the decision-making process. For the purpose of the collective rationality
model, the weights correspond to functions of elements that influence the fall-back position of in-
dividual members. The idea is that each individual has specific preferences that are pursued while
negotiations take place. As the welfare under the outside-option increases (decreases), individuals
are able to appropriate a greater (smaller) share of the surplus derived from their interaction. For
all intents and purposes, the so-called Pareto-weights can be defined as a function of household
non-labor/non-business resources, prices, and distribution factors.

Therefore, let the Pareto-weight function for household decision-making member j be de-
fined by the following function:

µj “ µj pλλλ,P, eq , (1)

where the pJ ` 1q ˆ 1 vector λλλ captures the distribution factors attached to different household
decision-makers (j and others), P is a vector of prices attached both to consumption goods and
to production factors, while e summarize the household optimal total expenditures (pooled across
individuals). With this, we can represent the household welfare function as:

W “ u0 pC; X, εq `
J
ÿ

j“1

µj pλλλ,P, eq ¨ uj pC; X, εq (2)

where X and ε are household characteristics which influence felicity functions (observed and un-
observed by the econometrician, respectively).

With this construct in mind and based on the optimization problem discussed above, we get
to consumption decisions taking the following Marshallian demand:

C “ C pP, e,µµµ; X, ε,A,Z,ΦΦΦq

6See Manser and Brown (1980), McElroy and Horney (1981), and Ulph (1988) for structural modeling of bargain-
ing processes.
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with µµµ as a J ˆ 1, or in reduced-form:

C “ C pP, e,λλλ; X, ε,A,Z,ΦΦΦq (3)

where, due to non-recursivity in farm-household decisions, A is included to reflect household
land holdings (acreage), Z is a vector of plot-level observable characteristics and ΦΦΦ a vector of
unobservable ones.

Unitary versus non-unitary households

This formulation contrasts with those in which weights are either set as exogenously fixed
and interior, reproducing the consensus model a la Samuelson (1956), or set at zero for all but
one individual in order to reproduce the Beckerian dictator model. Therefore, a direct distinction
between the collective and unitary models rests on the following exclusion restriction:

Bcs
Bλj

“ 0 @ goods s, and individuals j (4)

A closer look at the role of prices also reveal an additional distinction between models
that allow or not for preference heterogeneity within the household. Consider the effect of a price
change (in good-r) over good-s’ demand (which we define as ψsr):

ψsr “
Bcs
Bpr

`
Bcs
Be
cs (5)

“

„

Bcs
Bpr

`
Bcs
Bµµµ1

Bµµµ

Bpr



`

„

Bcs
Be
`
Bcs
Bµµµ1

Bµµµ

Be



cr

“

„

Bcs
Bpr

`
Bcs
Be
cr



`

„

Bcs
Bµµµ1

Bµµµ

Bpr
`
Bcs
Bµµµ1

Bµµµ

Be
cr



@ r “ 1, ..., S

This result shows how the collective formulation generalizes the unitary model. This can
be further verified by examining demand functions that hold constant not only the welfare level
attained by the whole household (W ), but also the felicity distribution within the household (i.e.,
keeping the Pareto-weight vector constant):

σsr “
Bcs
Bpr

ˇ

ˇ

ˇ

ˇ

dW“0,dµµµ“0

“
Bcs
Bpr

`
Bcs
Be
cr @ r “ 1, ..., S (6)

The comparison of equations (5) and (6) indicates that the collective rationality assumption
imposes additional structure on the price responsiveness. In particular:
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ψsr “ σsr `
Bcs
Bµµµ1

Bµµµ

Bpr
`
Bcs
Bµµµ1

Bµµµ

Be
cr (7)

Therefore, compensated price responses in the collective model combine the traditional
(unitary) compensated effect (or substitution effect) – here denoted by σsr – with an adjustment
for the effect of changes in the weight attached to each individual’s felicity function. This redis-
tribution can be considered a result of changes in the bargaining power of each member, reflected
by changes in the value of the function µ, the distributional weight. Since changes in µj can be
understood as pure income effects (from intra-household lump sum transfers of resources) over
individual j’s decisions, this effects can also be seen as individual-level income effects (or in-
come redistribution effects). Importantly, the effect of the redistribution of resources within the
household is not expected to be symmetric, which implies that the Slutsky symmetry imposed by
rationality under unitary models (i.e., σsr “ σrs) does not translate directly into symmetry under
the collective model formulation.

This leads to the following testable implication under the unitary model:

ψsr ´ ψrs “ 0 (8)

Collectively-rational households

Rejection of these restrictions says nothing about how decisions by individuals with differ-
ent preferences are made within a household, however. We turn next to more stringent restrictions
derived from the model of collective rationality. We start with the one which posits that if alloca-
tions are efficient then distribution factors only affect decisions by shifting the outside options (or
“power”) of each household decision-maker. It follows directly that, once the unitary formulation
is rejected, the ratio of marginal propensities to consume a good with respect to different distri-
bution factors should be the same across all goods. Specifically, the collective rationality model
imposes a weak separability assumption between measures of bargaining power and other factors
that affect demands.

Interestingly, with two decision-makers within each household, these conditions can be
expressed as a cross-equation restriction in the demand system:

Bcs
Bλ0

Bcs
Bλ1

“

Bcs
Bµ1

Bµ1

Bλ0

Bcs
Bµ1

Bµ1

Bλ1

“

Bµ1

Bλ0

Bµ1

Bλ1

“

Bcr
Bλ0

Bcr
Bλ1

@s ‰ r (9)

or simply:
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Bcs
Bλ0

Bcr
Bλ1

´
Bcr
Bλ0

Bcs
Bλ1

“ 0 @s ‰ r (10)

Intuitively, if decisions about production and how households resources are distributed be-
tween members are made and then individuals decide their consumption choices, a redistribution
of power within the household will have the same impact as a change in exogenous income on
each individuals consumption choices. Thus, the effects of any two factors that affect bargaining
power must be proportional under the assumptions of the model.

It is important to note that if there are more than two decision-makers then this equality of
ratios does not need to hold. Take, for example, the case of three decision makers. Demands in
this case would have the following representation:

C “ C
`

P, e, µ1, µ2; X, ε,A,Z,ΦΦΦ
˘

so that:

Bcs
Bλ0

“
Bcs
Bµ1

Bµ1

Bλ0
`
Bcs
Bµ2

Bµ2

Bλ0

Because of the additive terms coming from multiple Pareto-weights, the partial derivative
above is not proportional to:

Bcs
Bλ1

“
Bcs
Bµ1

Bµ1

Bλ1
`
Bcs
Bµ2

Bµ2

Bλ1

In these circumstances, statistical tests based on equation (10) will tend to reject efficiency
even when household behavior is indeed consistent with absence of Pareto-improving trade op-
portunities. This simple observation casts doubt on conclusions derived from contrasts between
results of these tests using subsamples stratified by household demographics (which most likely
are also different in the number of potential decisions makers).

When we turn to the tests based on price responsiveness, we see that the effect of the
redistribution of resources within the household can be shown to have a very specific form when the
intrahousehold decision process is efficient. More specifically, let the matrix of “observed” price
responses under the collective rationality assumption be defined as ΨΨΨ, the Pseudo-Slutsky matrix.
Its counterpart under the unitary model assumption is the traditional Slutsky matrix (here defined
as ΣΣΣ). By comparing their representative elements in equations (5) and (6), this decomposition can
be written as:
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ΨΨΨ “ ΣΣΣ`ΩΩΩ (11)

where the general matrix ΩΩΩ collects the terms associated with the changes in the distributional
weights.

Browning and Chiappori (1998), Chiappori and Ekeland (2006) and Dauphin et al. (2011)
show that this “symmetry perturbation matrix” has to obey strict rank conditions under the Pareto-
efficiency assumption. In the collective model, the matrix ΩΩΩ has rank equal at most to the number
of additional household members with decision power (aside from a household head). In the
literature this restriction is know as the SRJ restriction over ΨΨΨ (“symmetric matrix plus a rank J
matrix”). This result reflects the fact that bargaining power effects depend on the dimension of
the vector of weight functions µµµ, which on its turn determines the number of lines (columns) in ΩΩΩ

that are linearly independent. Therefore, the existence of an a priori unknown larger number of
decision-makers does not represent a limitation for these tests. In fact, they can be employed to
produce an exact estimate of the number of household members with agency in the intrahousehold
allocation of resources. We discuss this in more detail below.

In practice, ΣΣΣ and ΩΩΩ cannot be identified in this general formulation. However, Browning
and Chiappori (1998) show the collective rationality restrictions can still be indirectly tested. In
particular, consider the matrix

∆ “ ΨΨΨ´ΨΨΨ1
“ ΩΩΩ´ΩΩΩ1 (12)

It follows that, if the unitary model is valid, ∆ “ 0 and ΨΨΨ inherits the symmetry property
of ΣΣΣ. Under the collective version, the matrix ∆ is “antisymmetric” (or“skew symmetric”),7 which
implies that its eigenvalues are imaginary and its rank is an even number. Since the rank function
has the property that for any matrices M1 and M2:

rankpM1 `M2q ď rankpM1q ` rankpM2q,

then ΨΨΨ will be SRJ , or ΩΩΩ will be of rank J , if and only if:

rankp∆q ď rankpΩΩΩq ` rankp´ΩΩΩ1q (13)

ď 2ˆ rankpΩΩΩq

ď 2ˆ J

7A matrix M is antisymmetric if M
1

“ ´M .
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This result suggests a sequential approach to the test of collective rationality using price
sensitivity of households’ consumption decisions: i) ∆ is tested for symmetry (or ∆ is tested for
rank zero) – in case of failure, the unitary formulation is ruled out, and; ii) ∆’s rank is tested for
(even) values greater than zero. If rankp∆q ą 2ˆ J , the collective model is rejected.

2.3 Efficiency in production

Independent of assumptions about the preferences of individuals within the household, if mar-
kets are complete, farm households should maximize profits. Clearly, how those profits are dis-
tributed depends on distribution factors but that does not change the fundamental condition that
the marginal return to each input should be the same on every plot. For example, the return to one
unit of labor should be identical across plots and not depend on who has managerial control over
each on of them. Similarly, the returns to land (plot yields) should be identical across plots with
the same characteristics (such as area and land quality) or, put in another way, differences in plot
yields should be fully explained by variation in plots’ productive characteristics.

Following the seminal work of Udry (1996), a Taylor series can approximate the difference
in yield functions for plots t and v, held by a member of household h, as follows:

R˚ht ´R
˚
hv “

BR˚

BA
¨ pAht ´ Ahvq `

BR˚

BZ
¨ pZht ´ Zhvq `

BR˚

Bφ
¨ pφht ´ φhvq

where, in keeping with our notation, A is plot area, Z and φ are observed and unobserved charac-
teristics of the land, respectively.

A test of efficiency in production within the household is an assessment of the statistical
significance of differences in yields (or marginal product of inputs) between plots managed by
different household members. In its simplest form, the scheme can be described by defining Rtp1q

and Rtp0q as the yields (value of production per acre) of plots managed by members of “Group
one” and “Group zero,” respectively. In terms of realized plot yield:

Rt “ Rtp1q ¨ Tt `Rtp0q ¨ p1´ Ttq

where Tt is an indicator function that determines the member (group of members) responsible for
managing plot t. By decomposing the yield as a linear function of the plot characteristics (area, A,
and observed quality, Z) and some unobserved characteristics – Rtp1q “ α1 ` Aδ ` Zβ ` φ and
Rtp0q “ α0 ` Aδ ` Zβ ` φ, the resulting relation is just:

Rt “ α0 ` Tt pα1 ´ α0q ` Atδ ` Ztβ ` φt
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In this formulation, the efficiency test amounts to determining if the effect of re-assigning a plot
of land between two household members could increase total output with no change in labor (or
other factors) supplied to each individual’s plot.8 In other words, it corresponds to testing the
null-hypothesis that there is no additional gain to the household production in the event of plot
reallocation:

γ “ α1 ´ α0 “ 0 (14)

Some farm households will be more experienced or better farmers or possibly farm higher
quality land in dimensions that are not observed (in the data). To assure that rejection of profit
maximization is not driven by these (unobserved) characteristics, the models include household
specific fixed effects. To the extent that unobserved household characteristics affect yields in a
linear and additive way, the estimates can be interpreted as drawing comparisons between plots
within the same household. Tests of the exclusion restriction (α1´α0 “ 0), lie at the heart of tests
of efficiency in the allocation of resources by farm households in West Africa.

Central to this test is the assumption that there is no plot specific unobserved heterogeneity
that is correlated with both the yield and control intrahousehold over the plot. If this assumption is
violated, estimates of (γ) will not be zero and efficiency in production can be incorrectly rejected.
This is substantively important. If markets are incomplete, then it may be optimal for a household
to allocate inputs to a specific plot or set of plots because of explicit or implicit inter-linked con-
tracts (and these can be correlated with the identity of the plot manager). The test for efficiency
in production is predicated on the assumption that we have sufficient empirical controls for the
effects of market incompleteness at the plot level. In the case of the thin land markets in rural West
Africa, where studies have shown that continued rights to cultivate land that is held in common
in the village depends on cultivating the land in every season, the issue gains prominence. Gold-
stein and Udry (2002), for example, document that plots managed by women are more likely to
be drawn from the common pool and are, therefore, less likely to be fallowed than plots owned by
the household which tend to be cultivated by men. This poses a serious problem for tests based on
plot-level productivity.

Since under profits maximization the marginal rate of transformation between two different
variable inputs should be equivalent to the ratio of their prices, one can also implement additional
tests. In particular, it is possible to estimate functions like the land-yield functions but focusing on
labor productivity or the ratio of different types of labor utilized in production. If decisions are effi-

8 An alternative comparison would also examine if the effects of an additional unit of land in the hands of one
group had the same effects than in the hands of the other ´ that is testing whether the interaction of group indicator
with area of plot is significant. This strategy is not explored here but see Udry (1996) for some results (p. 1027).
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cient, these should not differ across identical plots.9 This alternative profit-maximization condition
has not been fully explored by the literature. In the econometric exercises that follow, regressions
using the ratio between yield and variable inputs as the dependent variable are employed to inspect
the robustness of conditions derived from original tests based on land productivity differences.

3 Data and descriptive statistics

A contribution of this research is the investigation of efficiency on production and consumption for
the same farm households. To this end, an extremely rich survey of farm households conducted
in Burkina Faso is the focus of our empirical analyses. The Burkina Faso Enquête Multisecto-

rielle Continue of 2014 is part of the new generation of World Bank surveys (Living Standards
Measurement Surveys - Integrated Surveys on Agriculture, LSMS-ISA) designed to monitor in-
dicators for sustainable development and Millennium Development Goals. As a consequence, it
covers an enormous range of the respondents lives in great detail. While the overall nationally
representative sample consists of 10,800 households interviewed in four visits, in most of our exer-
cises we focus attention on those that own at least one plot of agricultural land and who responded
the consumption module of the survey. The sampling was based on a two-stage stratified design:
enumeration-areas (EA) are drawn first (with probability weights proportional to population), fol-
lowed by a simple random draw of 12 households within each EA.

In the agricultural production module, households list all plots of land held by individual
members. Each of the plots has its area reported in hectares (up to two decimals) and measured
by GPS. Plots are also identified as individually or collectively managed. For those individually
managed, the household-member is then nominally identified. Each plot is then characterized in
terms of topography, location relative to dwelling and soil type. Finally, plots are identified as
owned or not by any of the household members, with details about formal ownership (hold title
or not) and mode of acquisition (purchase, inheritance, permit) being recorded. Most importantly,
household-members who own each plot are identified. Once the roster of plots for each household
is defined, detailed information on output and inputs is collected.

The consumption modules of the survey cover high-frequency (past seven days) food ex-
penditures with purchases from the market or valuing own-production, and 90-day recall for non-
food expenditures. Both modules were applied in every of the four visits made to the households
in the sample. In our working data we experiment with alternative aggregation of goods into
consumption groups (from 5 groups to 9 groups) after careful examination of income-elasticities
emerging from Engel-curve estimations. All consumption measures are then converted into annual

9See Shaban (1987)
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values and combined with information on prevailing market prices collected by surveyors in each
of the visited EAs.

We provide a description of the overall Burkina Faso/LSMS-ISA sample in the Online Ap-
pendix, Tables OA.1 and OA.2. In these tables and thoughout this manuscript our convention is to
refer to male heads and female heads, with the latter not only used in the context of single-headed
households but also when a woman is listed as “spouse of the head” in the household roster. In
Table OA.1 we see that around 53 percent of the households covered by the survey hold at least
one plot of land, with holdings being more frequent among households headed by couples (partic-
ular polygamous) then among single-headed. This is expected, considering the wealth gradient of
household composition. In most couple-headed households, land holding is more common among
men and this pattern also holds when we measure ownership in a more stringent way (title holding
or inherited land). Table OA.2 takes a closer look at these households, presenting measures of
male-head demographics (age, religion and literacy) as well as of household composition. We see
that average age is approximately 46.5 years (and 48 for those households that own land), more
than half are Muslim and about a third are literate (a fourth among land owners). Polygamous
relationships are present in 25 to 30 percent of the samples. We also see that a number of these
households is multi-generational, either because parents of the head or their adult offspring core-
side. Most of these households are poor (food-shares around 50%) and in predominantly rural
areas with a small number of them also farming land that they do not own. In terms of total area
owned, male heads hold on average 4.9 (or 12.1 acres) hectares while female heads hold approx-
imately 0.3 hectare. These number are marginally smaller if we consider only titled or inherited
land. The pattern of land holding concentrated in the hands of males is indeed very common all
across West Africa.

Most of the theory-driven analyses we present below focuses on these households and
specific subsamples defined by household composition. Table OA.3 presents summary statistics on
the demographics of the households, consumption and land holdings. The samples are restricted
to households for which consumption information is available in order to guarantee consistency
across the empirical exercises. In column 1 we look at 555 households headed by a single female
and in which no other adult individual resides.10 In these households approximately 1.7 additional
members on average join the adult female. The representative head has 47 years of age, with
about 18 percent of them being literate and 45 percent Muslim. Most, but not all, reside in rural
areas (70%). We present the distribution of the budget into 7 consumption groups, from cereals
to recreation (with most expenditures allocated to cereals and household goods). We also see
that about 25 percent of these women own some titled or inherited land (the average number of

10There are a few (ă100) households headed by a single male that do not house another adult. We, therefore, do
not analyze them.
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plots owned is 1.5). These are likely land holdings transferred by theirs husbands who either out-
migrated or are deceased – which can be inferred from the contrast of these numbers with those
reported in the remaining columns which focus on married women.

Table OA.3 reports in columns 2 to 6 the characteristics of a sample of households headed
by a man and at least one wife (N“4,689), as well as its subgroups: i) monogamous couples who
do not share the household with other adults; ii) monogamous couples who have a co-residing
adult who is not their son; iii) monogamous couples who co-reside with adult son(s), and; iv)
polygamous households.11 Across the columns on this table what we see is that the stratification
corresponds to expected demographic patterns. Those households obviously differ in size, but its
is particularly noteworthy that the average age of male and female head(s) go up as we look at
households in which more adults co-reside. In all cases, however, the female (senior) head is about
ten years younger than her husband. Polygamous households are also more likely to be Muslim,
rural, and hold more plots of land. Among all these households the average number of plots owned
by male heads is 3.14, while the corresponding number for female head(s) is 0.15. In none of these
sub-samples more than 10 percent of the female heads own titled or inherited land.

Table OA.4 turns to plot characteristics for the sample of heads and spouses (senior wives
and others in case of polygyny) that own at least one plot. We preserve the stratification of couple-
headed households by its constitutive subgroups. Looking at all couple-headed households we see
that relative to household heads plots, those held by spouses are much smaller – about half the size.
This contrast is different across subgroups, with male and female heads holding similar areas in
monogamous couples who do not share quarters with other adults. The gap in land holdings is also
smaller for monogamous couples co-residing with one or more adult sons. Across all columns, at
least in a raw measure of yield, women do not seem to have lower productivity per hectare they
farm than their husbands. There are some clear differences in the crop planted by husbands and
wives, reflecting a division of labor in the production activities. Wives are more likely to farm
peanuts (a cash-crop) while husbands mostly farm sorghum and millet (cereals). This pattern seem
to prevail across all household composition variants we look at. Finally, we also do not seem to
find overwhelming differences in the topography, type of soil or location of plots owned by men
and women in our sample, likely reflecting the relatively limited set of plot characteristics collected
in the survey.

The next section turns to the empirical implementation of the theory-driven tests we pro-
posed in the conceptual section above and utilizing the data we just described.

11Household structure is very fluid throughout the world, especially in Africa. That issue is put aside and we treat
household structure as given. See Foster (1998) for a discussion.
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4 Empirical implementation

4.1 Heterogeneity of preferences and consumption decisions

As described in the context of our conceptual framework, test of the unitary model assumptions
can be based on the verification of an exclusion restriction: factors affecting the attractiveness of
household members’ outside-option (alternative to the current joint household arrangement) should
not influence the allocation of resources. One clear challenge in taking this particular restriction
to the data is that the empirical counterpart of distribution factors is not obvious. It is clear that
household members may derive bargaining power from a myriad of sources, each reflecting a
different aspect of the options a person would have outside the household.

Obviously, empirical measures of distribution factors should not be the outcome of nego-
tiations among household members. The amount of land cropped or managed by individuals in
the household is unlikely to be a good indicator of control over resources as it potentially reflects
the outcomes of decisions about resource allocations, including time allocated to farming, off farm
work and production of services in the home. Interpretation of land cropped is further compli-
cated since the value of time likely varies over time because of seasonality and life course changes
(Chiappori and Mazzocco, 2017).

Therefore, in the context of the farm households we study, we focus on de facto control
over economic assets which, to a first order of approximation, is naturally given by control over
land for cultivation.12 Therefore, the Burkinabe survey we rely on is uniquely well-suited for this
research because it is possible to employ information on land holdings over which the holder has
strong individual ownership rights (titled or inherited). None of our conclusions is substantively
different if the broader measure of land ownership is used in the empirical models.

The test of restrictions derived directly from the theory requires estimation of a parametric
approximation of equation (3). Ideally both integrability and flexibility conditions should hold
under this approximation. With this in mind, we employ Working-Leser Engel curves which are
augmented by factors that influence bargaining power in the following specification (for each good
s):

c̃shl “ αs1lnPCEhl `X1
hlα

s
2 ` β

s
1λλλ

male
hl ` βs2λλλ

fem
hl ` θslnpcpilq `

G
ÿ

g“1

ψsglnpp
g
l q ` ε

s
h (15)

where the distribution factors (λλλ) represented by area individually owned either by the male or the

12See Thomas (1990), Haddad and Hoddinot (1995), and Doss (1996), for example.
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female head(s).13 This model is a linearized version of reduced-form demands derived from the
collective-rationality model. Per-capita expenditures (in logs) are included to hold constant total
household resources. The controls for household characteristics (X) include household size (in
logs) and composition (shares for children, adult males and females, and senior males). It also
controls for age, literacy and religion of the male head and the senior wife, and indicator functions
for location (provinces). We also include a price index and prices for each of the G goods included
in the system, all in log-transform units.

An effort was made to minimize the chances of misspecification that could blur the infer-
ences. In order to sidestep potential non-linearities the estimations are based on budget shares
instead of levels (c̃s “ pscs{e), while total household expenditures are allowed to have a flexi-
ble influence over consumption decisions (introduced in the form of quartile splines). Moreover,
by using budget shares as a dependent variable, we implicitly allow a non-parametric interaction
between total expenditures and each covariate included in the model.

Therefore, once the system is estimated, the test for unitary model’s exclusion restrictions
consist of:

βs1 “ βs2 “ 0 @s (16)

A concern here is the potential for differential measurement error in land area owned. In
most data from West African farmers it is not uncommon to find that female heads’ plots (compared
to those held by male heads) miss area-measurement rounds more frequently. This implies that the
total land area holdings for wives is more likely exposed to mismeasurement than their husbands’.
Assuming a measurement error unrelated to the actual measure of area, the estimation of βf would
be downward biased, and consequently the measure of the effect of power in the hands of women
(versus men) would be made artificially different.

This same biased result also applies in the case in which the quality of land differs for men
and women (a key point in the production-based tests of efficiency). Nonetheless, in both cases,
we can still employ a strategy designed to indirectly infer the relevance of the unitary model’s as-
sumptions. This is as follows: If power indicators are measured with error or the quality of female
land is inferior, we can explore multiple equations of the demand system to bypass inconsistent
estimations. In particular, we note that the ratio of marginal effects of power measures is insulated
from attenuation-bias. Hence, the unitary-model tests could be based on the difference of ratios
(across goods) of the power effects for women and men:14

13In the case of polygamous households we aggregate holdings across all wives. We include land ownership quan-
tities with both a binary and a continuous component. In this way we capture potential non-linearities “at the origin”.

14Incidentally, the test of the unitary model under land-area measurement error corresponds exactly to one of the
tests of Pareto-efficiency in consumption. Importantly, this means that some of the tests of efficiency in consumption
we examine are invariant with respect both to classical measurement error in the power indicators and to differences
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βs1
βr1
´
βs2
βr2
“ 0 (17)

The same system of equations also allows us to examine the unitary model’s restrictions
over price-responsiveness. In the absence of preference heterogeneity, as we discussed above,
compensated price responses are symmetric and the following cross-equation restrictions apply:

ψsr ´ ψ
r
s “ 0 @r ‰ s (18)

Under these circumstances, testing the symmetry of the matrix Ψ corresponds to testing
∆ “ Ψ´Ψ1 “ 0 or vecp∆q “ 0, which reflects cross-equation linear restrictions on the estimated
demand system. Since the elements below the ∆’s diagonal are the same as the ones above the
diagonal (in absolute value), it corresponds to testing the pS´1qˆS

2
elements in the upper triangular

section of ∆. The Wald statistic is computed an the test is based on its asymptotic distribution.

Combined, these tests allows us to thoroughly examine the relevance of preference hetero-
geneity within households in the context we study.

4.2 Collective rationality in consumption decisions

In practice, one of the tests of Pareto-efficiency restrictions consists of reproducing the propor-
tionality conditions derived from the model presented above. Therefore, we are required to exam-
ine non-linear (cross-equations) restrictions over the parameters attached to the power measures.
These tests of restrictions described in equation (17) can be undertaken using a Wald statistic.

The restrictions can be tested jointly for all parameters in the system of equations. However,
it is important to consider that the critical value derived from the Chi-squared distribution attached
to the theoretical Wald statistic is a function of the number of goods in the system (so that the
significance level is kept constant). In this case our results could be sensitive and distorted (in
particular, towards under-rejection of Pareto-efficiency). That is: if a large enough set of goods is
employed in the estimation, the power of the test can be made arbitrarily small. For completeness,
in addition to the joint test we also examine pairwise statistics. In a parametric model, however,
pairwise comparisons depend on the consistent estimation of the overall system, which makes the
separate discussion of potential rejections less interesting.15

in quality of land held by men and women. Black et al. (2000) shows that, under certain reasonable conditions, this is
also valid under non-classical measurement error problems.

15For completeness, we also present additional specifications with differing number of goods included in the system
on the Online Appendix.
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The microeconomics of the collective rationality model also leads us to clear prediction
in terms of the so-called Pseudo-Slutsky matrix. The test of such restrictions correspond to the
evaluation of hypothesis regarding the rank of an antisymmetric matrix formed by the difference
between the matrix of price responses and its transpose. Tests of rank two and rank four have
direct counterparts in terms of non-linear restrictions over the parameters of the demand system,
as shown in Browning and Chiappori (1998) and Dauphin et al. (2011), respectively. On the other
hand, there is no direct parametric restriction when testing higher rank conditions. Moreover, since
estimated matrices are subject to statistical errors and the discreteness of the rank function, their
ranks will most likely not correspond to the rank of the theory-based matrix of interest. This rules
out simple comparisons of ranks directly computed from estimated matrices of parameters.

Our initial attempts turn to parametric version of the tests based on price responses, which
are primarily based on the consistency and asymptotic normality of the least squares estimates of
∆. Testing the SRp1q hypothesis using the estimated parameters directly is slightly more compli-
cated than symmetry. Yet, after rulling out the latter, the SRp1q hypothesis correspond to testing
rankp∆q “ 2. This is the case if ∆ has S ´ 2 of its rows as linear combinations of the other two.
Browning and Chiappori (1998) show that this corresponds to testing pS´2qˆpS´3q

2
restrictions of

the form:

δsrδ12 ´ δ1sδ2r ` δ1rδ2s “ 0 @ r ą s ą 2

When it comes to testing higher-order rankings (rankp∆q “ 4) we still can rely on non-
linear combination of parameters and yet another non-linear Wald-statistic, in a representation due
to Dauphin et al. (2011):

δsr pδ12δ34 ´ δ13δ24 ` δ14δ23q ´ δ12pδ3sδ4r ´ δ3rδ4sq

´ δ13pδ2rδ4s ´ δ2sδ4rq ´ δ14pδ2sδ3r ´ δ2rδ3sq

´ δ1spδ23δ4r ´ δ24δ3r ` δ2rδ34q ` δ1rpδ23δ4s ` δ24δ3s ` δ2sδ34q “ 0 @ r ą s ą 4

A caveat shared by all of these analysis using by Wald statistics to test non-linear hy-
pothesis is the widely discussed non-invariance of the test statistics to reformulations of the null
hypothesis.16 Critchley et al (1996) have shown that this undesirable property comes from the fact
that the Wald statistic, when applied to non-linear hypothesis, loses its characteristic of a distance
measure and ends up reflecting a hybrid of two different geometric quantities. Alternatives to the
Wald test are somewhat more costly in terms of estimation burden, since they require estimation

16 See Gregory and Veall (1985), Lafontaine and White (1986), and Phillips and Park (1988). See also Dagenais
and Dufour (1991).

21



of the restricted version of the model.17 Hansen (2000), for example, has shown the value of the
GMM distance-statistics proposed by Newey and West (1987) in terms of reducing Type I error.
We recognize, however, that Type I errors are not incredibly damaging to the tests we propose
here. This is the case to the extent that they make the inference more stringent and conclusions
more conservative. However, Hansen (2000) has not explored the occurrence of Type II errors
across alternative estimation procedures. This type of statistical error would imply that the tests
performed in the present paper are likely to fail to reject the Pareto-Efficiency hypothesis in a large
number of circumstances even when it is actually false. More econometric research is needed on
the topic, but we refrain from departing significantly from more standard techniques.18

We note that the estimation of the rank of a matrix, and related hypothesis tests, is not new
in applied economics and econometrics. Earlier applications include the identification of systems
of simultaneous equations, the examination of microeconomic restrictions over demand systems
(Lewbel, 1991), and to the identification of ARMA processes’ order, among others. However, in
terms of the present paper, most of these contributions are unattractive: i) the Gaussian elimination
LDU decomposition (Lower-Diagonal-Upper triangular) proposed by Gill and Lewbel (1992) and
amended by Cragg and Donald (1996) tends to perform poorly in small samples; ii) the minimum
chi-squared method proposed in Crag and Donald (1997) requires a very costly numerical solution
to the optimization problem, and; iii) Robin and Smith (2000)’s test based on the evaluation of
the eigenvalues has an asymptotic distribution in terms of a linear combination of independent
chi-squares with unknown weights, exaggerating the burden of estimation.

We complement the non-linear Wald-tests proposed in the literature with the use of the
matrices’ singular values (i.e., the norm of their eigenvalues) to evaluate hypotheses regarding their
higher ranks. Since the number of non-zero singular values correspond to the rank of a matrix,19

the empirical exercise consists of examining the number of singular values (computed from the
estimated matrices) that are statistically different from zero. Since the econometric literature on
the asymptotic property of estimated singular values is still evolving,20 we explore a bootstrap
method also employed in Bullock(1995) to examine matrix ∆’s singular values decomposition.

Consider the hypothesis test regarding the antisymmetric matrix ∆ (of dimensions SˆS):

17Aside from the classical Lagrange-multiplier and likelihood ratio tests, also the Neyman’s C(α), the Lu and King
(2004)’s expanded Wald-type test, and the Newey and West (1987)’s GMM-distance tests would be invariant to the
formulation of the null.

18Aguero (2002) shows that the Type II error incidence is significant for tests based on the GMM distance-statistic.
However, the author does not examine the relative gain(loss) with respect to the Wald test.

19See Leon (1990), for example.
20See Ratsimalahelo (2003) and Eaton and Tyler (1994).
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Ho : rankp∆q “ s , where s ď S

versus

HA : rankp∆q ą s

The singular value decomposition of ∆ yields the following factorization (all matrices are
S ˆ S):

∆ “M1DM
1
2

whereD (a diagonal matrix) collects the singular values ds in decreasing order, andM1 andM2 are
orthogonal matrices. Singular values are unique for a given matrix ∆, but the orthogonal matrices
are obviously not (the diagonal matrix of singular values is invariant to pre- and post-multiplication
by orthogonal matrices). Partitioning the matrices in the factorization one can obtain:

M1DM
1
2 “

“

M1,1 M1,2

‰

„

D1 0
0 D2

 „

M 1
2,1

M 1
2,2



“ M1,1D1M
1
2,1 `M1,2D2M

1
2,2

where D2 is a pS ´ sq ˆ pS ´ sq matrix.

Under the null hypothesis it has to be the case that D2 “ 0, (i.e., only s of the S singular
values are different from zero). This suggests an equivalent description of the null hypothesis:

Ho : D2 “ 0

Alternatively, since the singular values are in decreasing order in the diagonal of D, one
can explore the contrast between the following paired hypotheses:

Ho : rankp∆q ď sô Ho : ds`1 “ 0

versus

HA : rankp∆q ą s

where ds`1 is henceforth referred as a borderline singular value.

Therefore, our alternative estimation is based on the singular value decomposition of the
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estimated matrix p∆. Let the estimation of such random matrix be denominated p∆0, for which the
singular values are pD0 and pd0,s`1 (the rank-s borderline singular value). Therefore by generating
K bootstrap replications of the estimation of ∆ and the computation of the singular values one
can obtain draws from the small sample distribution of the variables of interest — in this case,
!

p∆k

)k“K

k“1
and

!

pdk,s`1

)k“K

k“1
.

In order to perform inferences, however, one has to draw singular values from the small
sample distribution under the null hypothesis. Following Bullock(1995),21 the objective is, to find
∆˚ such that:

∆˚
“ arg min

rankpF q“s

›

›∆´ F
›

›

where ∆ “ 1
K

K
ř

k“1

p∆k.

Considering the singular value decomposition, M “ M1DM2
1
, the solution to such mini-

mization problem can be approximated by simply computing:

∆˚
“M1D

˚M2
1

where D˚ is exactly like D, except that the S ´ s smallest singular values are substituted by zeros.

Finally, define the antisymmetric matrix drawn under the null hypothesis as:

∆H
k “ ∆˚

`

”

p∆k ´∆
ı

Hence, the bootstrap procedure can produce a sequence of singular value decompositions

of ∆H
k ,

!

pdHk,s`1

)k“K

k“1
, against which one can perform the rank tests proposed above.

The p-value for the test of the null hypothesis that rankp∆q ď s is, therefore:

p valueboot “
1

K

K
ÿ

k“1

1
!

pdHk,s`1 ą
pd0s`1

)

(19)

This is the statistic we report in the empirical results section below.

21See also Hinkley (1988).
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4.3 Efficiency in production

As mentioned above, an efficient allocation of resources also implies that factors of production
should be allocated across plots controlled by different household members in way that agricultural
profits were maximized. Fixed-effects regressions can be used to empirically verify the differences
in yields across plots controlled by men and women in the same household after controlling for
observable differences in the characteristics of each plot, as proposed by Udry (1996). The results
we present are based on estimations that also condition on the crop choice, as in the following
empirical specification (household h, crop m, plot t):

Rhtm “ γ1femalehtm ` γ2Ahtm ` Z1htmγγγ3 ` ηh ` ωm ` φhtm (20)

where female is one when the plot is owned by one of the female heads, A measures plot
area and Z represents observed plot-characteristics. In our estimations we control for area semi-
parametrically with inclusion of quantile-based indicators and include plot topography, soil type
and location relative to dwelling as controls for plot quality. In additional exercises we exam-
ine results for different strata of the sample, following the discussion above regarding household
composition.

5 Empirical results

5.1 Allocation of resources to farm production

Research has established that the allocation of resources to farm production by households in West
Africa fails to maximize total profits (Udry, 1996; Goldstein and Udry, 2002; Dubois and Ligon,
2010; Peterman et al, 2011; Rangel and Thomas, 2012; Akresh et al, 2016). Following seminal
work by Udry (1996), these studies document that yields on plots cropped by females are, on
average, lower than yields on plots managed by males. To address concerns that the comparisons
are contaminated by unobserved heterogeneity, the studies compare yield of males and females
living in the same household, taking into account differences in plot size and land quality and,
since males and females plant different crop combinations, these studies contrast crop-specific
yields on male and female plots harvested during the same cropping season. Using data collected
by ICRISAT in Burkina Faso between 1981 and 1983, Udry (1996) concludes that the household
could produce more, and thus achieve a Pareto superior outcome, “by reallocating variable factors
from plots controlled by men to plots controlled by women or, equivalently, by reallocating land
from women to men.” This is the central empirical finding of this literature.
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We begin by documenting this result for the more recent survey from Burkina Faso em-
ployed is this article. Results are displayed in Table 1, focusing on plots controlled by individuals
designated as a household head or spouse. Our first set of results is based on land owned. As
shown in the first row of panel A of the table, on average, females owned 1.72 Ha of land which
is about one third of the amount owned by males, 4.95 Ha. The gender gap is smaller (2.53 Ha) in
households in which males and females own land. Tests of efficiency in agricultural production are
based on comparisons of productivity at the plot level. The average female owns 2.2 plots and the
average male owns 3.2 plots and so, as shown in the second row of the table, the gender gap in plot
size is smaller than total land owned. The average plot owned by a female is about half the size
of the average male lot and the gap is 0.77 Ha across all households, and 0.72 Ha in households
in which at least one male and one female owns at least one plot. Many of the empirical tests
of models of household decision-making examine the impact of variation in bargaining power as
indicated by individual-specific measures of control over resources. Land is the most important
asset owned by farm households and to the extent that land ownership conveys resource control,
it is likely to be a good indicator of bargaining power in household decision-making (Haddad and
Hoddinott, 1995; Doss, 1996).

It is possible that not all land owned conveys control over the resource which may depend
on the nature of the ownership and how the land is likely to be allocated if the household splits.
We turn, therefore, to a more restrictive measure of control over resources that includes only plots
for which the individual has a title or plots that were inherited by the individual and, therefore,
are likely recognized within the community as owned by the individual and will be kept by the
individual in the event of a household split. As shown in the third row of panel A of the table,
almost all land owned by males carries a title or is inherited whereas only about two-thirds of the
plots owned by females are secured in this way. Conditional on an individual owning titled or
inherited land, the amount of such land owned is very similar to total land ownership, as shown in
row 4 of panel A.

Goldstein and Udry (2002) document that plots managed by females are less frequently fal-
lowed (because they are communally owned) which affects the fertility of the soil and productivity
of the plots. This is not a concern for owned land in the 2014 Burkina Faso survey: as shown in
row 5 of panel A of the table, less than 5% of owned plots are not used in production during the
period covered by the survey and there is no significant difference between males and females in
the extent to which they fallow their land. The values of crop yields per hectare of land owned are
reported in panel B of the table. On average, female-owned plots have higher yields per hectare
than male plots. The difference, 21%, is both large and statistically significant. The difference
is reduced by half, and not significant, when comparisons are drawn within households (row 2).
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Smaller plots tend to be cropped more intensively and so in the third row of the table, we adjust
for the area owned and compare crop-specific yields: female-owned plots are 25% less productive
than male plots and this gap is unaffected by adjustment for observed land quality and other plot
characteristics. Restricting attention to farm households in which both males and females own
land, female-owned plots are 32% less productive than comparable male-owned plots. Panel C of
the table repeats the same analyses using plots that are owned with a title or inherited. The results
with this more restrictive definition of resource control are almost identical to the broader measure:
adjusting for plot characteristics and comparing the same crops within households, female plots are
27% less productive than male plots and restricting to households that have both male and female
owned plots with titles or through inheritance, the gap is 36%.

This evidence replicates the central empirical finding in the literature: plots owned by
females are substantially and significantly less productive than plots owned by males. This result
has been interpreted as inconsistent with efficient resource allocations by households (Udry, 1996
and others) and evidence of co-operation failure between husbands and their wives (Akresh et al,
2016). The validity of the interpretation depends critically on assuming that the plots owned by
males and females are exchangeable. This is a very strong assumption that is difficult to establish.
In fact, Goldstein and Udry (2002) document the assumption is not satisfied in Ghana, even when
extremely detailed and carefully measured controls for land quality are included in the models.
They report that female plots are less likely to be fallowed, because they are communally-owned
and if they are fallowed, there is a risk they will lose access to the land. Since fallowing restores
nutrients, land that is not fallowed is less productive. More generally, it is very difficult to rule out
gender-specific unobserved heterogeneity in the productivity of inputs in these models particularly
in models that ignore inter-temporal dynamics (Chiappori and Mazzocco, 2017).

5.2 Allocation of resources to consumption

Testing the unitary model

Results are reported in Table 2 for seven budget share semi-aggregates. As shown in panel A, on
average, about one quarter of the budget is spent on cereals, the staple, and over half the budget
is spent on food. The semi-aggregates have been chosen to avoid difficulties with estimation of
models that include large fractions of households who do not consume an item.

Panel B reports estimates of β in model (15). Each model includes an indicator for whether
any land is owned (by title or inheritance) and the quartic root of the amount of land owned,
separately for females and males.22 Tests for the joint significance of land owned by females, by

22The quartic root function closely approximates the logarithmic function for all values other than 0 and has the
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males and by all household heads are reported in panel C, with associated p-values. Since the
demand functions include nonlinear functions in lnPCE,23 to take into account the main effects of
income, the land ownership coefficients can be interpreted as conditional on total resources and
are indicative of the effects of resource control or bargaining power. Under the assumptions of the
unitary model, they play no role in the allocation of the budget. That restriction is rejected.

For example, in the first column of the table, a greater share of the budget is allocated to
cereals as females own more land and the female land ownership coefficients are jointly significant.
Although male land ownership is not significantly related to cereal shares, taken together, male and
female land ownership are significant predictors of cereal shares. This is not consistent with the
unitary model. Overall, the restriction of the unitary model is rejected for five of the 7 goods at a
5% size of test. (It is not rejected for personal care and housing) with rejections for two and five of
the shares for female and male land ownership, respectively. Panel D displays tests of the unitary
model for the entire demand system. The tests for no effects of land ownership are rejected for
female ownership, male ownership and ownership by all household heads.

Whereas many studies have tested whether resource control predicts outcomes, there are
relatively few tests based on price effects in this literature. The lower part of panel D tests the
restriction that the pseudo-Slutsky matrix is symmetric: it is rejected. Taking each pair of price
effects at a time, 52% are significantly different at 5% size of test and 71% at a 10% size of test.
Taking all of the pairs together, the symmetry restriction is rejected (p-valueă0.001).

It is possible that rejection of the unitary model is driven by model mis-specification. To
assess this concern, the models are re-estimated for households with a single head whose behav-
ior is likely to be consistent with the unitary model (Attention is restricted to households with a
female head since there are very few male single heads and it is possible that those households
behave differently from female-headed households). Results are reported in column 1 of Table 3.
Conditional on household resources, neither of the predictions of the unitary model is rejected:
female land ownership does not predict budget shares and Slutsky symmetry is not rejected. These
results are reassuring.

Results from Table 2 for households with a male and at least one female head are repeated
in column 2 of the Table. Those households are stratified by whether the male head has one wife
(in columns 3 through 5) or more than one wife (in column 6). Monogamous households are
further stratified by whether there are other adults in the household who potentially have a voice in
resource allocations, paying particular attention to the presence of adult sons who are likely to be

advantage of being defined at zero; results using the inverse hyperbolic sine function are substantively the same.
23lnPCE is specified as a spline with knots at each quartile of the distribution to assure that land ownership does not

capture non-linear effects of income on demand
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involved in the management of the farm enterprise. Results are reported for monogamous couples
with no other adult members (in column 3), for those that do have other adult members but no adult
sons (in column 4) and for those with at least one adult son (in column 5).

As shown in panel A of the table, for polygamous households and those monogamous
households with more than 2 adults (columns 3-6), male, female and joint land ownership are
significant predictors of budget shares alone and taken together. For monogamous couples, male
and joint land ownership are significant predictors of budget shares whereas female land ownership
is not. Thus, for all households headed by a male and at least one female, the restriction of the
unitary model that the distribution of land ownership does not affect resource allocation is rejected.
Further, as shown in panel B of the table, for all of these household types, Slutsky symmetry is
also rejected. We conclude that the unitary model is rejected for all households other than those
headed by a single female.24

Testing the collective model: Proportionality

We turn next to test the empirical implications of the collective model for consumption behavior.
The first test is the proportionality restriction: when allocations are Pareto efficient, the ratio of
the effects of distribution factors should be the same for all goods in the demand system. The
cross-equation restrictions have improved numerical properties if they are specified in product
form and we report the associated non-linear Wald test statistic. The chi-squared test statistics
and associated p-values for the 7-good demand system are displayed in the first panel of part A
of Table 4 for each of the household types other than household headed by single females. Pareto
efficiency is not rejected in any of the household types. There are legitimate questions about the
power of these tests. For example, the impact of a small number of poorly determined coefficients
can be propagated across the entire test rendering failure to reject the test uninformative. In panel
A.2 of the table, we report results for pair-wise tests of equality and display the number of pairs
that are not equal at a 5 and 10% size of test. By design, we expect 5% and 10% to not be equal,
respectively.

Taking all households together (column 1), the pair-wise results are ambiguous: the restric-
tion is rejected for 2.4% of pairs at a 5% size of test but for 14.3% of pairs at a 10%. This ambiguity
is because there is heterogeneity among the households, as is apparent from the remaining columns
in the table. For monogamous couples with no other adult household members (in column 2), there
is no evidence that the proportionality restriction is rejected. However, for all other monogamous

24The power of these tests potentially varies with the number of sub-aggregates used in the demand system. This is
not a concern for these results as shown in Appendix Table A1 which reports results for demand systems with 5, 6, 8
and 9 goods. None of our conclusions is affected.
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couples and for polygamous households (column 3 through 5), the proportionality restriction is
rejected for both the 5 and 10% test sizes. The second and third panels of the table report pair-wise
tests for the amount of land owned and for whether or not land is owned, respectively. It is clear
that rejection of the proportionality restriction is driven by variation in the amount of land owned
(panel A.2.2) and not at the extensive margin (panel A.2.3).

Testing the collective model: Rank of the pseudo-Slutsky matrix

Part B of Table 4 reports tests of the restrictions on the pseudo-Slutsky matrix under the assumption
that allocations are collectively rational first described by Browning and Chiappori (1998). Recall,
under the assumptions of the unitary model, the Slutsky matrix is symmetric: that hypothesis was
rejected above for households with more than one head. Allowing the distribution factors to affect
price effects, the pseudo-Slutsky matrix comprises the usual symmetric matrix and another matrix,
the rank of which is informative about the number of decision-makers in the household. Panel B.1
of the table reports Browning and Chiappori’s SR1 test. It is rejected for all households with more
than one head (in column 1).

This result is, again, driven by heterogeneity among households. Restricting attention to
monogamous households with no other adults (column 2) and those with no adult sons (column3),
the restriction is not rejected. For these household types, consumption behavior is consistent
with collective rationality and two decision-makers. The restrictions are rejected for monogamous
households with an adult son (column 4) and also for polygamous households (column 5). This
may be because allocations are not Pareto efficient or because the number of decision makers is
greater than two, or both. To distinguish between these explanations, panel B.2 of the table reports
results of tests that the pseudo-Slutsky matrix has rank 4 for these two types of households. It is
not rejected in either case and indicates that the allocations of these households are Pareto efficient
and that there are 3 decision-makers in those households.

Taken together, these results based on consumption behavior are remarkable. Not only do
they establish that resource allocations among Burkinabe farmers are consistent with Pareto effi-
ciency but they are also informative about how decision-making varies with the complexity of the
household composition. Specifically, households headed by a man and a woman with no adult sons
behaves as if there are two decision-makers whereas polygamous households and monogamous
households with at least one son in the household behaves as if there are three decision-makers.25

25A key advantage of the farm household context is that the amount of land owned is a plausible distribution factor
that is indicative of bargaining power of the owner. As shown in Appendix Table A2, restricting attention to land
that has a title or was inherited is not important: using all land owned as reported by the farmers yields the same
conclusions. Nor is the choice of the number of goods included in the demand system critical as shown in Appendix
Tables A3-A6 for demand systems with 9, 8, 6 and 5 sub-aggregates.
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Production efficiency and household structure

With these results, we return to the production side of the farm household and examine whether the
gender-specific productivity differentials vary with household type. Results are reported in Table
4. As shown in panel A of the table, focusing on inherited and titled land, among monogamous
couples with no other adults in the households, the differential is 14.4% which is about half the
magnitude for all other households but none of the gaps across household types is different from
each other. The patterns are the same when land owned is used in the models. Therefore, although
differences in results across household compositions are suggestive, these are far from being as
informative as the consumption tests we conducted above in terms of highlighting complexity in
decision-making within West African households.

6 Conclusions

Comparisons of the productivity of farm plots controlled by different people within the same Burk-
inabe households indicate that those households do not maximize profits since marginal products
are not equalized across plots. This has been interpreted as evidence that these households do
not allocate resources efficiently. However, theoretical models of decision-making by households
provide predictions about consumption behavior and we find no evidence that the same farm house-
holds can reallocate resources so that at least one member is better off without another being worse
off. That is, we do not reject the hypothesis that resource allocations are Pareto efficient. We
establish this is not because the consumption-side tests lack power and conclude that tests based
on production choices are not well-suited to provide information about efficiency of resource allo-
cations as they are likely to be contaminated by unobserved heterogeneity at the plot level that is
correlated with agricultural output.

After establishing the implications of the unitary model of the household for consumption
choices is not rejected for households headed by one person (a single woman), we document that
model is rejected for all other household types. We find no evidence that these more complex
households do not behave as if they are “collectively rational” in the sense that their allocations
are Pareto efficient. Exploiting insights from the theoretical literature in combination with the
richness of household structures in Burkinabe farm households, we establish that in households
headed by monogamous couples with no adult sons, decision-making is consistent with there be-
ing two players in the allocation of resources. In more complex households those headed by a
monogamous couple with na adult son and those headed by ploygamouse couples there are more
decision-makers and, once that is taken into account, consumption choices are consistent with
the predictions of the Pareto efficient model. These are powerful results since they involve tests
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based on the shape of the pseudo-Slutsky matrix and are difficult to attribute to contamination from
measurement error or unobserved heterogeneity.

The methods used in this paper provide a template for advancing understanding of decision-
making in complex households across the globe. Critically, the evidence uncovered here indicates
that, in an environment where markets are hardly functional and survival (or food-security) is
closely connected to agricultural productivity, families do allocate their resources in way that the
well-being of one individual member cannot be improved without another being worse off. The
evidence indicates that drawing on insights about consumption behavior from cooperative models
of intra-household allocations is likely to be informative about decision-making among extremely
complex households and, thereby, lay the groundwork for assessing the impact of changes on
individual-specific well-being. To wit, these models are likely to provide valuable insights for
mechanisms that will advance the empowerment of women. More broadly, the research presented
here suggests that thinking about household behaviors in the context of a model of collective ratio-
nality is likely to be profitable for both science and policy.
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Table 1. Land ownership and yields by gender of owner of land

Households in which either male or female head owns land

Owned by

 female head

Owned by 

male head

Difference 

(female-male)

Difference

if both own land 

[1] [2] [3] [4]

A. Land ownership

1. Total land owned (Ha) 1.72 4.95 -3.22 -2.53

(0.16) (0.18) (0.38) (0.31)

2. Average plot size (Ha) 0.79 1.56 -0.77 -0.72

(0.10) (0.06) (0.11) (0.12)

3.  %  plots with title or inherited 64.5 93.9 -29.4 -31.2

4. Land with title/inherited (Ha) 1.81 4.78 -2.98 -2.83

(0.22) (0.18) (0.44) (0.46)

5.  % plots used in production 96.7 97.2 -0.6 -0.8

Number of plots 1,109 15,688 16,797 2,305

Number of households 598 4,900 4,971 527

B. ln(yields per hectare, CFAF/Ha) in productive owned plots

 1.  No controls 10.17 9.96 0.21

(0.06) (0.02) (0.07)

2.     include HH FE 0.11

(0.08)

3.   add area owned and crop FE -0.25

(0.07)

4.   add plot characteristics -0.25 -0.32

(0.07) (0.09)

Number of plots 1,072 15,256 16,328 2,242

Number of households 587 4,875 4,947 527

C. ln(yields per hectare, CFAF/Ha) in productive owned titled or inherited plots

   No controls 10.12 9.96 0.16

(0.09) (0.02) (0.09)

include HH FE 0.07

(0.10)

add area owned and crop FE -0.27

(0.09)

add plot characteristics (all controls) -0.27 -0.36

(0.09) (0.11)

Number of plots 694 14,339 15,033 1,454

Number of households 386 4,611 4,665 341

Notes: Standard errors in parentheses below estimates are robust to heteroskedasticity and take into account clustering at the household level.  

Controls include household fixed effects, main crop fixed effects and plot characteristicsi (indicator variables for plot area, topography, location, soil 

type and monoculture. In panel A, land is treated as owned by an individual if he/she holds a title for a plot or inherited the plot. In panel B, land is 

treated as owned by the individual whether or not he/she has a title for the plot. Column [4] restricts the sample to households in which plots are 

owned by at least one male and at least one female household member.

Source:  2014 Burkina Faso Enquete Multisectiorielle Continue. Sample includes all households with > 1 male or female head who owns a plot.  

Producing plots generate revenue and have  (own, family or hired) labor utilization.
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Table 2. Budget share demand functions, land owned by males and females and price-effects

Households in which either male or female head owns inherited or titled land

Cereal Meat + vegies Other food Personal care Housing Transport Recreation

[1] [2] [3] [4] [5] [6] [7]

A. Budget shares

Budget share 25.4 15.6 14.6 19.9 4.9 8.2 11.3

(0.2) (0.1) (0.1) (0.1) (0.1) (0.1) (0.1)

B. Impacts of land ownership over consumption

(1) if female owns land -1.12 -0.79 -1.22 1.13 0.14 0.76 1.10

[p value] [0.292] [0.335] [0.054] [0.259] [0.862] [0.504] [0.139]

Amt owned by female (quartic root) 2.43 0.99 0.58 -1.51 -0.25 -0.64 -1.61

[0.025] [0.224] [0.654] [0.132] [0.758] [0.604] [0.031]

(1) if male owns land 1.07 -0.24 1.45 0.86 -0.25 -2.38 -0.55

[0.306] [0.788] [0.121] [0.394] [0.735] [0.016] [0.614]

Amt owned by male (quartic root) 0.05 1.13 -1.40 -0.16 -0.68 2.10 -1.02

[0.898] [0.000] [0.331] [0.712] [0.020] [0.000] [0.001]

C. Joint tests of significance

Female own land & amount owned 11.53 1.69 8.62 2.93 0.21 0.55 5.90

[p value] [0.003] [0.430] [0.013] [0.231] [0.900] [0.758] [0.052]

Male own land & amount owned 1.37 19.46 18.04 0.77 7.81 34.32 14.68

[0.504] [0.000] [0.000] [0.681] [0.020] [0.000] [0.001]

All land ownership covariates 11.68 20.19 24.36 6.98 8.26 34.75 19.85

[0.020] [0.001] [0.000] [0.137] [0.082] [0.000] [0.001]

D. System-wide tests of unitary model

Significance of land owned effects (p value)

    Female ownership [0.017]

    Male ownership [0.000]

    Joint (male & female) [0.000]

Symmerty of 21 cross-price effects in pseudo-Slutsky matrix

   % p-values <=0.05 52.4

   % p-values <=0.10 71.4

joint test (p value) [0.000]

Note: Sample is 4689 households. (Standard errors) below budget shares; [p values for significance] below regression coefficient estimates
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Table 3. Testing implications of unitary model

Significance of distribution factors and Slutsky symmetry in budget share demand system with 7 sub-aggregates

I. HHs with II. HHs headed by  one male and at least one female

single head HHs headed by monogamous couple

Single female,

no other adult
All

Couple, no other 

adults

Couple + other 

adults, no son

Couple + >1 adult 

son Polygamous HHs

[1] [2] [3] [4] [5] [6]

A. Tests of significance of land ownership distribution factors (p values)

Female ownership 0.090 0.017 0.237 0.006 0.014 0.000

Male ownership 0.000 0.000 0.000 0.000 0.001

Joint (male & female) 0.000 0.000 0.000 0.000 0.000

B. Tests for symmetry of Pseudo-Slutsky matrix

Pairwise tests (21)

% pvalues<=0.05 0.0 52.4 23.8 23.8 42.9 28.6

  % pvalues<=0.10 0.0 71.4 38.1 23.8 47.6 33.3

Joint tests (p values) 0.223 0.000 0.000 0.000 0.000 0.000

Number of households 555 4,689 1,234 892 1,066 1,496

% of households 12 89 24 17 20 29

Notes: Land ownership measures are gender-specific amount of land owned with title plus individual-specific amount of land inherited.

      All test statistics based on robust estimates of variance-covariance matrices taking into account clustering at the village level.

      Controls include indicator (1) for land ownership and ln(area owned) conditional on ownership, separately for males and females.
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Table 4. Testing implications of Pareto efficiency 

             Tests for equality of ratios of distribution factor effects and rank of Pseudo-Slutsky matrix

             in budget share demand system with 7 sub-aggregates

HHs headed HHs headed by monogamous couple Polygamous

by man + >1 wives

Couple, no 

other adults

Couple + other 

adults, no son

Couple + >1 

adult son
HHs

[1] [2] [3] [4] [5]

A. Equality of ratios of distribution factor effects

1. Equality of all ratios Χ
2

13.61 7.61 15.50 17.51 15.70

[p value] [0.75] [0.98] [0.63] [0.49] [0.61]

2. Pair-wise tests of equality

  2.1 Distribution factors: All

% pvalues<=0.05 2.4 0.0 7.1 9.5 11.9

  % pvalues<=0.10 14.3 0.0 14.3 14.3 16.7

  2.2 Distribution factors: Amount of land owned 

% pvalues<=0.05 4.8 0.0 14.3 19.0 19.0

  % pvalues<=0.10 28.6 0.0 23.8 28.6 19.0

  2.3 Distribution factors: (1) if own land 

% pvalues<=0.05 0.0 0.0 0.0 0.0 4.8

  % pvalues<=0.10 0.0 0.0 4.8 0.0 14.3

B. Tests based on rank of Pseudo-Slutsky matrix

1. Rank 2

  Browning-Chiappori SR1 Χ
2

28.74 5.83 6.89 19.52 26.66

[p value] [0.001] [0.83] [0.74] [0.03] [0.003]

2. Rank 4

 Dauphin-Fortin-Lacroix Χ
2

0.52 ` - 0.46 2.09

[p value] [0.91] [0.93] [0.55]

      Bootstraped-SVD 

[p value] [0.77] - - [0.98] [0.16]

Number of households 4,689 1,234 892 1,066 1,496

Notes: Land ownership measures amount of land owned with title plus amount of land inherited with

indicator for land ownership and ln(area owned) conditional on ownership, separately for males and females.

All test statistics based on robust variance-covariance matrices estimates clustered at the village level.
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Table 5. Differences in farm outputs and inputs by gender of land owner (female-male)

By household type

Monogamous couples

All

 HHs

Couple, no 

other adults

Couple + other 

adults, no son

Couple + >=1 

adult son

Polygamous

 HHs

[1] [2] [4] [3] [5]

A. Own title or inherited land

Ln-yield per Ha -0.271 -0.144 -0.230 -0.389 -0.299

(0.09)           (0.21)                  (0.20)                  (0.19)                  (0.13)                  

Ln-labor days per Ha -0.300 -0.169 -0.264 -0.147 -0.408

(0.05)           (0.09)                  (0.11)                  (0.09)                  (0.07)                  

(1) use chemical fertilizer -0.092 0.013 -0.029 -0.034 -0.172

(0.03)           (0.04)                  (0.06)                  (0.06)                  (0.05)                  

Ln-yield per labor day 0.028 0.025 0.034 -0.242 0.109

(0.10)           (0.20)                  (0.24)                  (0.20)                  (0.15)                  

B. Own land

Ln-yield per Ha -0.250 -0.193 -0.245 -0.358 -0.254

(0.07)           (0.17)                  (0.15)                  (0.15)                  (0.10)                  

Sample sizes

A. Own title/inherited: Plots 15033 3343 2669 3352 5666

Households 4665 1228 884 1058 1494

B. Self-reported own:   Plots 16328 3636 2860 3597 6229

Households 4947 1318 933 1110 1584

Notes:  Standard-errors in parentheses clustered at household level. Samples restricted to households with male and female heads who own 

plots that generated income and used own or hired labor. Controls include household fixed effects, main crop fixed effects and plot 

characteristicsi (indicator variables for plot area, topography, location, soil type and monoculture.
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Appendix Table A1. Robustness of tests of unitary model: Significance of distribution factors and Slutsky symmetry

HHs headed HHs headed HHs headed by monogamous couple Polygamous

by single female, no 

other adult

by man + >1 

wives

Couple, no other 

adults

Couple + other 

adults, no son

Couple + >1 adult 

son

HHs

[1] [2] [3] [4] [5] [6]

1. Land ownership measures includes all land with or without title

1A. Tests of significance of land ownership distribution factors (p values)

Female ownership 0.072 0.007 0.114 0.063 0.005 0.000

Male ownership 0.000 0.000 0.000 0.000 0.000

Joint (male & female) 0.000 0.000 0.000 0.000 0.000

1B. Tests for symmetry of Pseudo-Slutsky matrix

Pairwise tests  (21)     % pvalues<=0.05 0.0 52.4 28.6 23.8 42.9 33.3

  % pvalues<=0.10 0.0 71.4 38.1 28.6 47.6 33.3

Joint tests (p value) 0.246 0.000 0.000 0.000 0.000 0.000

Number of households 555 4,971 1,324 941 1,118 1,586

2. Budget share demand system with 9 sub-aggregates; land ownership with title

2A. Significance of land ownership distribution factors [p values]

Female ownership 0.176 0.001 0.001 0.000 0.000 0.000

Male ownership 0.000 0.000 0.000 0.000 0.000

Joint (male & female) 0.000 0.000 0.000 0.000 0.000

2B. Tests for symmetry of Pseudo-Slutsky matrix

Pairwise tests  (36)     % pvalues<=0.05 13.9 50.0 25.0 25.0 36.1 30.6

  % pvalues<=0.10 13.9 63.9 41.7 36.1 44.4 47.2

Joint test [p value] 0.000 0.000 0.000 0.000 0.000 0.000

3. Budget share demand system with 8 sub-aggregates; land ownership with title

3A. Significance of land ownership distribution factors [p values]

Female ownership 0.150 0.000 0.015 0.000 0.007 0.000

Male ownership 0.000 0.000 0.000 0.000 0.001

Joint (male & female) 0.000 0.000 0.000 0.000 0.000

3B. Tests for symmetry of Pseudo-Slutsky matrix

Pairwise tests  (10)     % pvalues<=0.05 3.6 53.6 32.1 21.4 25.0 32.1

  % pvalues<=0.10 10.7 64.3 35.7 25.0 32.1 39.3

Joint test [p value] 0.065 0.000 0.000 0.000 0.000 0.000

4. Budget share demand system with 6 sub-aggregates; land ownership with title

3A. Significance of land ownership distribution factors [p values]

Female ownership 0.110 0.014 0.238 0.020 0.019 0.000

Male ownership 0.000 0.001 0.000 0.000 0.020

Joint (male & female) 0.000 0.003 0.000 0.000 0.000

3B. Tests for symmetry of Pseudo-Slutsky matrix

Pairwise tests  (10)     % pvalues<=0.05 13.3 60.0 53.3 26.7 53.3 40.0

  % pvalues<=0.10 13.3 60.0 60.0 33.3 53.3 53.3

Joint test [p value] 0.010 0.000 0.000 0.000 0.000 0.000

5. Budget share demand system with 5 sub-aggregates; land ownership with title

3A. Significance of land ownership distribution factors [p values]

Female ownership 0.306 0.007 0.204 0.045 0.054 0.000

Male ownership 0.000 0.003 0.005 0.000 0.008

Joint (male & female) 0.000 0.004 0.008 0.000 0.000

3B. Tests for symmetry of Pseudo-Slutsky matrix

Pairwise tests  (10)     % pvalues<=0.05 30.0 70.0 40.0 40.0 60.0 60.0

  % pvalues<=0.10 40.0 70.0 60.0 50.0 70.0 70.0

Joint test [p value] 0.013 0.000 0.000 0.000 0.000 0.000

Number of households 555 4,689 1,234 892 1,066 1,496

44



Appendix Table A2. Testing implications of Pareto efficiency 

Tests for equality of ratios of distribution factor effects and rank of Pseudo-Slutsky matrix

in budget share demand system with 7 sub-aggregates

using gender-specific land owned (with or without title) as distribution factors

HHs headed HHs headed by monogamous couple Polygamous

by man + >1 

wives

Couple, no 

other adults

Couple + other 

adults, no son

Couple + >1 

adult son
HHs

[1] [2] [3] [4] [5]

A. Equality of ratios of distribution factor effects

1. Equality of all ratios Χ
2

14.05 7.59 17.35 18.30 19.66

[p value] [0.7261] [0.9842] [0.4992] [0.4360] [0.3524]

2. Pair-wise tests of equality

  2.1 Distribution factors: All

% pvalues<=0.05 9.5 0.0 0.0 9.5 11.9

  % pvalues<=0.10 14.3 0.0 11.9 19.0 26.2

  2.2 Distribution factors: Amount of land owned 

% pvalues<=0.05 19.0 0.0 0.0 19.0 19.0

  % pvalues<=0.10 28.6 0.0 14.3 33.3 33.3

  2.3 Distribution factors: (1) if own land 

% pvalues<=0.05 0.0 0.0 0.0 0.0 4.8

  % pvalues<=0.10 0.0 0.0 9.5 4.8 19.0

B. Tests based on rank of Pseudo-Slutsky matrix

1. Rank 2

Browning-Chiappori SR1 Χ
2

30.19 7.49 10.19 18.50 21.94

[p value] [0.0008] [0.6785] [0.4243] [0.0472] [0.0154]

2. Rank 4

 Dauphin-Fortin-Lacroix Χ
2

0.73 - - 0.52 1.58

[p value] [0.8657] [0.9139] [0.6632]

      Bootstraped-SVD 

[p value] [0.938] - - [0.976] [0.376]

Sample sizes 4,971 1,324 941 1,118 1,586
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Appendix Table A3. Testing implications of Pareto efficiency 

Tests for equality of ratios of distribution factor effects and rank of Pseudo-Slutsky matrix

in budget share demand system with 9 sub-aggregates

using gender-specific land owned  with title/inherited as distribution factors

HHs headed HHs headed by monogamous couple Polygamous

by man + >1 

wives

Couple, no 

other adults

Couple + other 

adults, no son

Couple + >1 

adult son
HHs

[1] [2] [3] [4] [5]

A. Equality of ratios of distribution factor effects

1. Equality of all ratios Χ
2

25.00 17.02 21.10 35.10 22.58

[p value] [0.5189] [0.9085] [0.7369] [0.1095] [0.6569]

2. Pair-wise tests of equality

  2.1 Distribution factors: All

% pvalues<=0.05 0.0 1.4 5.6 16.7 9.7

  % pvalues<=0.10 15.3 2.8 9.7 22.2 13.9

  2.2 Distribution factors: Amount of land owned 

% pvalues<=0.05 0.0 2.8 8.3 33.3 11.1

  % pvalues<=0.10 25.0 5.6 11.1 41.7 13.9

  2.3 Distribution factors: (1) if own land 

% pvalues<=0.05 0.0 0.0 2.8 0.0 8.3

  % pvalues<=0.10 5.6 0.0 8.3 2.8 13.9

B. Tests based on rank of Pseudo-Slutsky matrix

1. Rank 2

Browning-Chiappori SR1 Χ 2
45.12 25.72 13.10 26.55 68.27

[p value] [0.0017] [0.2172] [0.9052] [0.1862] [0.000]

2. Rank 4

 Dauphin-Fortin-Lacroix Χ 2
1.53 - - 4.27 2.40

[p value] [0.9988] [0.9346] [0.9922]

      Bootstraped-SVD 

[p value] [0.044] - - [.086] [0.030]

Sample sizes 4689 1234 892 1066 1496

Notes: nherited and/or titled land are used in computing individual holdings. System with 9 goods.
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Appendix Table A4. Testing implications of Pareto efficiency 

Tests for equality of ratios of distribution factor effects and rank of Pseudo-Slutsky matrix

in budget share demand system with 8 sub-aggregates

using gender-specific land owned  with title/inherited as distribution factors

HHs headed HHs headed by monogamous couple Polygamous

by man + >1 

wives

Couple, no 

other adults

Couple + other 

adults, no son

Couple + >1 

adult son
HHs

[1] [2] [3] [4] [5]

A. Equality of ratios of distribution factor effects

1. Equality of all ratios Χ
2

23.73 10.42 19.88 20.16 20.88

[p value] [0.3616] [0.9821] [0.5905] [0.5730] [0.5281]

2. Pair-wise tests of equality

  2.1 Distribution factors: All

% pvalues<=0.05 0.0 0.0 7.1 10.7 8.9

  % pvalues<=0.10 16.1 0.0 10.7 14.3 16.1

  2.2 Distribution factors: Amount of land owned 

% pvalues<=0.05 0.0 0.0 10.7 21.4 10.7

  % pvalues<=0.10 25.0 0.0 14.3 25.0 17.9

  2.3 Distribution factors: (1) if own land 

% pvalues<=0.05 0.0 0.0 3.6 0.0 7.1

  % pvalues<=0.10 7.1 0.0 7.1 3.6 14.3

B. Tests based on rank of Pseudo-Slutsky matrix

1. Rank 2

Browning-Chiappori SR1 Χ 2
34.50 18.52 10.04 16.87 19.36

[p value] [0.0029] [0.2361] [0.8170] [0.3265] [0.1979]

2. Rank 4

 Dauphin-Fortin-Lacroix Χ 2
2.12 - - 2.63 2.49

[p value] [0.9084] [0.8540] [0.8700]

      Bootstraped-SVD 

[p value] [0.646] - - [0.562] [0.106]

Sample sizes 4689 1234 892 1066 1496

Notes: nherited and/or titled land are used in computing individual holdings. System with 9 goods.
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Appendix Table A5. Testing implications of Pareto efficiency 

Tests for equality of ratios of distribution factor effects and rank of Pseudo-Slutsky matrix

in budget share demand system with 6 sub-aggregates

using gender-specific land owned  with title/inherited as distribution factors

HHs headed HHs headed by monogamous couple Polygamous

by man + >1 

wives

Couple, no 

other adults

Couple + other 

adults, no son

Couple + >1 

adult son
HHs

[1] [2] [3] [4] [5]

A. Equality of ratios of distribution factor effects

1. Equality of all ratios Χ
2

11.24 5.00 10.18 13.89 2.14

[p value] [0.6671] [0.9058] [0.7486] [0.4576] [0.9520]

2. Pair-wise tests of equality

  2.1 Distribution factors: All

% pvalues<=0.05 0.0 0.0 3.3 6.7 0.0

  % pvalues<=0.10 6.7 0.0 10.0 20.0 6.7

  2.2 Distribution factors: Amount of land owned 

% pvalues<=0.05 0.0 0.0 6.7 13.3 0.0

  % pvalues<=0.10 13.3 0.0 20.0 33.3 13.3

  2.3 Distribution factors: (1) if own land 

% pvalues<=0.05 0.0 0.0 0.0 0.0 0.0

  % pvalues<=0.10 0.0 0.0 0.0 6.7 0.0

B. Tests based on rank of Pseudo-Slutsky matrix

1. Rank 2

Browning-Chiappori SR1 Χ 2
16.15 6.95 2.18 11.57 23.80

[p value] [0.0130] [0.3258] [0.9028] [0.0724] [0.001]

2. Rank 4

 Dauphin-Fortin-Lacroix Χ 2
0.86 - - 0.25 0.59

[p value] [0.3529] [0.6184] [0.4418]

      Bootstraped-SVD 

[p value] [0.320] - - [0.630] [0.456]

Sample sizes 4689 1234 892 1066 1496

Notes: nherited and/or titled land are used in computing individual holdings. System with 9 goods.
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Appendix Table A6. Testing implications of Pareto efficiency 

Tests for equality of ratios of distribution factor effects and rank of Pseudo-Slutsky matrix

in budget share demand system with 5 sub-aggregates

using gender-specific land owned  with title/inherited as distribution factors

HHs headed HHs headed by monogamous couple Polygamous

by man + >1 

wives

Couple, no 

other adults

Couple + other 

adults, no son

Couple + >1 

adult son
HHs

[1] [2] [3] [4] [5]

A. Equality of ratios of distribution factor effects

1. Equality of all ratios Χ
2

10.86 4.57 6.86 10.18 6.08

[p value] [0.3689] [0.9180] [0.7385] [0.4252] [0.8088]

2. Pair-wise tests of equality

  2.1 Distribution factors: All

% pvalues<=0.05 0.0 0.0 0.0 10.0 0.0

  % pvalues<=0.10 15.0 0.0 10.0 25.0 10.0

  2.2 Distribution factors: Amount of land owned 

% pvalues<=0.05 0.0 0.0 0.0 20.0 0.0

  % pvalues<=0.10 30.0 0.0 20.0 40.0 20.0

  2.3 Distribution factors: (1) if own land 

% pvalues<=0.05 0.0 0.0 0.0 0.0 0.0

  % pvalues<=0.10 0.0 0.0 0.0 10.0 0.0

B. Tests based on rank of Pseudo-Slutsky matrix

1. Rank 2

Browning-Chiappori SR1 Χ 2
16.88 1.36 1.34 9.92 15.81

[p value] [0.0007] [0.7158] [0.7189] [0.0192] [0.0012]

2. Rank 4

 Dauphin-Fortin-Lacroix Χ 2
ND - - ND ND

[p value]

      Bootstraped-SVD 

[p value] ND - - ND ND

Sample sizes 4689 1234 892 1066 1496

Notes: Inherited and/or titled land are used in computing individual holdings. System with 5 goods.
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Table OA.1: Descriptive Statistics, Burkina Faso LSMS-ISA (2014)

All Male/Female(s)-headed Polygamous Single male headed Single female headed
[1] [2] [3] [4] [5]

Reports expenditure 1.00 1.00 1.00 1.00 1.00

Household owns land 0.53 0.59 0.74 0.24 0.36
(0.005) (0.005) (0.009) (0.015) (0.013)

Household holds not-owned land 0.05 0.06 0.09 0.02 0.02
(0.002) (0.003) (0.006) (0.004) (0.004)

Located in rural area 0.61 0.64 0.79 0.34 0.55
(0.005) (0.005) (0.009) (0.017) (0.013)

Male head (MH) owns land 0.57 0.72 0.21 -
(0.005) (0.010) (0.014)

Female head (FH) owns land 0.07 0.10 - 0.34
(0.003) (0.006) (0.012)

Both MH and FH own land 0.06 0.09 - -
(0.003) (0.006)

MH has titled/inherited land 0.54 0.68 0.20 -
(0.005) (0.010) (0.014)

FH has titled/inherited land 0.05 0.06 - 0.25
(0.002) (0.005) (0.011)

Sample 10,800 8,543 2,172 810 1,447
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Table OA.2: Demographics and Land Holding, Burkina Faso LSMS-ISA (2014)

Male/Female(s)- Either male-head Either male-head
headed female-head(s) or female-head(s) own

households own land inherited/titled land
[1] [2] [3]

Male head’s age 46.47 (0.161) 48.13 (0.217) 48.17 (0.223)
Male head is Muslim 0.63 (0.005) 0.61 (0.007) 0.60 (0.007)
Male head is literate 0.36 (0.005) 0.25 (0.006) 0.25 (0.006)
Male head is literate (French) 0.24 (0.005) 0.12 (0.005) 0.12 (0.005)
Number of spouses 1.34 (0.007) 1.43 (0.010) 1.43 (0.011)
Polygamous household 0.25 (0.005) 0.32 (0.007) 0.32 (0.007)
Number of household members 8.13 (0.055) 8.85 (0.076) 8.90 (0.079)
Male head’s mom coresides 0.14 (0.004) 0.16 (0.005) 0.17 (0.005)
Male head’s dad coresides 0.02 (0.002) 0.02 (0.002) 0.02 (0.002)
Male head’s adult son coreside 0.36 (0.005) 0.39 (0.007) 0.39 (0.007)
Male head’s adult daughter coreside 0.21 (0.004) 0.22 (0.006) 0.22 (0.006)
Per-capita expenditure (CFAs) 206.23 (1.947) 159.38 (1.344) 158.56 (1.375)
Food share (%) 50.74 (0.158) 55.48 (0.181) 55.68 (0.187)
Rural location 0.64 (0.005) 0.81 (0.006) 0.82 (0.006)
Land owning household 0.59 (0.005) 1.00 - 1.00 -
Household holds land not owned 0.06 (0.003) 0.10 (0.004) 0.10 (0.004)
Male head owns land 0.57 (0.005) 0.99 (0.002) 0.99 (0.002)
Female head(s) own land 0.07 (0.003) 0.12 (0.005) 0.11 (0.005)
Male head inher./titled owner 0.54 (0.005) 0.93 (0.004) 0.99 (0.002)
Fem heads inher./titled owner 0.05 (0.002) 0.08 (0.004) 0.08 (0.004)
Averages across households (non-owners assigned zero)
Total land holdings (male head) 4.93 (0.177) 4.83 (0.175)
Total land holdings (fem heads) 0.33 (0.028) 0.31 (0.026)
Owned land (male head) 4.92 (0.177) 4.82 (0.175)
Owned land (fem heads) 0.18 (0.024) 0.16 (0.022)
Inher./titled land (male head) 4.50 (0.165) 4.77 (0.174)
Inher./titled land (fem heads) 0.12 (0.021) 0.13 (0.022)

Sample 8,543 4,971 4,689
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Table OA.3: Demographics and Consumption Summary Statistics, Burkina Faso LSMS-ISA (2014)

Household headed Household headed Household headed by monogamous couple Polygamous
by single female by man +ě1 wives Couple, no Couple + other Couple +ě1 households

no other adult other adult adults, no son adult son
[1] [2] [3] [4] [5] [6]

HH size 2.69 (0.063) 8.90 (0.079) 4.83 (0.046) 8.03 (0.119) 8.80 (0.126) 12.86 (0.162)
males 0 to 14 0.77 (0.041) 2.35 (0.030) 1.51 (0.035) 1.95 (0.050) 1.94 (0.051) 3.57 (0.065)
females 0 to 14 0.92 (0.043) 2.15 (0.028) 1.33 (0.033) 1.87 (0.054) 1.78 (0.048) 3.26 (0.061)
males 15 to 64 - 1.82 (0.020) 0.92 (0.008) 1.61 (0.035) 2.55 (0.037) 2.17 (0.043)
females 15 to 64 0.79 (0.017) 2.24 (0.024) 0.99 (0.003) 2.21 (0.037) 2.07 (0.040) 3.41 (0.048)
males 65 and older - 0.19 (0.006) 0.08 (0.008) 0.13 (0.012) 0.31 (0.014) 0.25 (0.011)
females 65 nd older 0.21 (0.017) 0.16 (0.006) 0.01 (0.003) 0.26 (0.016) 0.16 (0.012) 0.21 (0.012)

Nr. Female heads 1 1.43 (0.011) 1.00 1.00 1.00 2.35 (0.018)
Male head age - 48.17 (0.223) 40.10 (0.375) 41.03 (0.459) 57.40 (0.373) 52.53 (0.372)
Female head age 47.31 (0.776) 38.18 (0.191) 30.72 (0.292) 32.07 (0.390) 45.40 (0.327) 42.83 (0.327)

Male head literate - 0.25 (0.006) 0.27 (0.013) 0.27 (0.015) 0.23 (0.013) 0.23 (0.011)
Male head muslim - 0.60 (0.007) 0.59 (0.014) 0.56 (0.017) 0.54 (0.015) 0.69 (0.012)
Female head literate 0.18 (0.016) 0.11 (0.004) 0.14 (0.010) 0.14 (0.011) 0.08 (0.008) 0.08 (0.007)
Female head muslim 0.45 (0.021) 0.60 (0.007) 0.58 (0.014) 0.56 (0.017) 0.54 (0.015) 0.68 (0.012)

Rural household 0.70 (0.020) 0.82 (0.006) 0.84 (0.011) 0.80 (0.014) 0.77 (0.013) 0.86 (0.009)

log pce 12.12 (0.032) 11.84 (0.007) 12.05 (0.015) 11.85 (0.016) 11.81 (0.014) 11.69 (0.011)
Cereals 23.33 (0.475) 25.41 (0.152) 23.78 (0.291) 25.24 (0.345) 25.74 (0.324) 26.61 (0.267)
Meat/Vege 17.97 (0.279) 15.64 (0.084) 16.43 (0.176) 15.53 (0.197) 15.27 (0.172) 15.31 (0.137)
Alc/Tob/Oth 15.93 (0.269) 14.63 (0.094) 16.03 (0.201) 14.81 (0.206) 15.19 (0.199) 12.99 (0.145)
HH goods 21.13 (0.362) 19.92 (0.107) 18.98 (0.195) 19.95 (0.247) 20.39 (0.232) 20.35 (0.189)
Housing 10.65 (0.329) 4.89 (0.063) 5.37 (0.135) 4.93 (0.143) 4.94 (0.130) 4.44 (0.099)
Transport 2.84 (0.213) 8.20 (0.103) 7.96 (0.220) 7.85 (0.235) 7.40 (0.202) 9.18 (0.174)
Recreation 8.15 (0.385) 11.31 (0.101) 11.45 (0.216) 11.69 (0.237) 11.08 (0.210) 11.13 (0.159)

Male head has titled or inherited land - 0.99 (0.002) 0.99 (0.002) 0.98 (0.004) 0.98 (0.004) 0.99 (0.002)
Female head has titled or inherited land 0.24 (0.018) 0.08 (0.004) 0.08 (0.007) 0.08 (0.009) 0.08 (0.008) 0.09 (0.008)
Nr plots titled or inherited, male head - 3.14 (0.028) 2.69 (0.044) 2.95 (0.057) 3.12 (0.057) 3.65 (0.055)
Nr plots titled or inherited, female head 1.47 (0.093) 0.15 (0.009) 0.10 (0.011) 0.14 (0.019) 0.13 (0.015) 0.22 (0.021)
Amount of land titled or inherited, male head - 1.30 (0.005) 1.23 (0.010) 1.27 (0.012) 1.30 (0.012) 1.39 (0.009)
Amount of land titled or inherited, female head 0.24 (0.020) 0.08 (0.004) 0.07 (0.007) 0.08 (0.009) 0.08 (0.008) 0.09 (0.008)

Observations 555 4,689 1,234 892 1,066 1,496
Note: White-robust standard-errors. Female-head characteristics correspond to senior wife in case of polygamous households. Amount of land is measured in
square-root of hectares.
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Table OA.4: Couple-Headed Households – Land and Agricultural Production Summary Statistics, Burkina Faso LSMS-ISA
(2014)

Household headed Household headed by monogamous couple Polygamous
by man +ě1 wives Couple, no Couple + other Couple +ě1 households

other adult adults, no son adult son
Male Female Male Female Male Female Male Female Male Female
[1a] [1b] [2a] [2b] [3a] [3b] [4a] [4b] [5a] [5b]

A. Plot area and yield
Plot area (hectares) 1.52 0.85 1.45 1.30 1.51 0.66 1.68 1.18 1.47 0.63

(0.056) (0.140) (0.120) (0.529) (0.150) (0.123) (0.140) (0.526) (0.069) (0.068)
Plot yield (ln CFA) 9.97 10.12 10.01 10.18 10.03 10.37 9.92 9.91 9.94 10.10

(0.018) (0.085) (0.035) (0.147) (0.040) (0.259) (0.037) (0.152) (0.031) (0.128)
B. Crop choice
Plot monoculture 0.78 0.76 0.81 0.75 0.79 0.74 0.78 0.80 0.77 0.76

(0.005) (0.022) (0.009) (0.042) (0.011) (0.048) (0.010) (0.046) (0.009) (0.035)
Primary crop - millet 0.19 0.09 0.17 0.08 0.19 0.09 0.20 0.10 0.19 0.09

(0.003) (0.012) (0.006) (0.026) (0.008) (0.025) (0.007) (0.027) (0.006) (0.021)
Primary crop - sorghum 0.31 0.21 0.30 0.22 0.31 0.22 0.31 0.20 0.33 0.20

(0.004) (0.016) (0.007) (0.038) (0.008) (0.036) (0.008) (0.032) (0.006) (0.027)
Primary crop - peanuts 0.11 0.40 0.10 0.39 0.12 0.38 0.11 0.38 0.11 0.41

(0.003) (0.020) (0.004) (0.044) (0.006) (0.040) (0.006) (0.038) (0.005) (0.033)
Primary crop - maize 0.16 0.05 0.18 0.06 0.16 0.04 0.16 0.07 0.15 0.03

(0.003) (0.007) (0.006) (0.022) (0.006) (0.016) (0.005) (0.020) (0.004) (0.009)
Primary crop - cowpea 0.05 0.05 0.05 0.02 0.06 0.03 0.05 0.09 0.05 0.05

(0.002) (0.009) (0.004) (0.012) (0.004) (0.016) (0.004) (0.023) (0.003) (0.015)
C. Other plot characteristics
Plot topography - flatland 0.59 0.63 0.56 0.60 0.60 0.53 0.56 0.62 0.61 0.69

(0.008) (0.028) (0.015) (0.057) (0.017) (0.067) (0.016) (0.060) (0.013) (0.041)
Soil type - sand 0.50 0.45 0.47 0.41 0.47 0.38 0.48 0.45 0.54 0.49

(0.008) (0.028) (0.015) (0.051) (0.017) (0.057) (0.016) (0.056) (0.013) (0.047)
Soil type - clay 0.30 0.32 0.31 0.39 0.29 0.39 0.30 0.33 0.29 0.26

(0.007) (0.026) (0.014) (0.052) (0.015) (0.051) (0.014) (0.055) (0.012) (0.044)
Soil type - rocks 0.18 0.19 0.19 0.19 0.21 0.19 0.19 0.16 0.15 0.20

(0.005) (0.023) (0.011) (0.039) (0.014) (0.049) (0.012) (0.043) (0.008) (0.038)
Plot location - near household 0.37 0.36 0.36 0.35 0.38 0.32 0.38 0.27 0.35 0.41

(0.006) (0.028) (0.013) (0.054) (0.015) (0.066) (0.013) (0.051) (0.011) (0.046)
Plot location - in bushes 0.60 0.61 0.60 0.64 0.60 0.65 0.59 0.65 0.62 0.58

(0.007) (0.029) (0.013) (0.054) (0.015) (0.067) (0.014) (0.060) (0.011) (0.047)

Observations 15,033 3,343 2,669 3,352 5,666
Note: Standard-errors clustered at household level.
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