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Abstract

This paper uses the recently collected Living Standard
Measurement Study—Integrated Surveys on Agriculture Ini-
tiative data sets from five countries in Sub-Saharan Africa to
provide a comprehensive overview of land and labor market
participation by agrarian households and to formally test
for failures in factor markets. Under complete and competi-
tive markets, households can solve their consumption and
production problems separately, so that houschold factor

endowments do not predict input demand. This paper
implements a simple, theoretically grounded test of this sep-
aration hypothesis, which can be interpreted as a reduced
form test of factor market failure. In all five study countries,
the analysis finds strong evidence of factor market failure.
Moreover, those failures appear general and structural, not
specific to subpopulations defined by gender or geography.
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I ntroduction

In the structural adjustment era of the 1980s-80despread belief in the efficiency of markets
underpinned the broad transition away from govemtmm®anagement and toward market
liberalization in much of Sub-Saharan Africa (SSA).the ensuing decade and a half, as it has
become clear that liberalizatiqgper se was insufficient to raise growth rates and rapidigluce
poverty throughout the region, attention has retdrto market failures. Substantial resources
are committed each year to programs aimed at remgdpese failures, which are widely

presumed to be a general feature of African ecoesnfut is this presumption correct?

The agricultural factor markets of Sub-Saharancdafiare among those most widely believed to
be failing or incomplete. The proclaimed shortcogsirare many: bad roads, unavailable or
unreliable electricity and telecommunications segsi insufficient credit and insurance, tenure
systems that do not ensure secure property rightand and water, corrupt officials, crowded
ports, slow development of improved technologiesagticultural research centers, labor
supervision problems, and others. A belief in ¢hasd other forms of market failure pervades

the policy briefs and strategic plans producedhgydevelopment community for Africa.

Take as an example the 2011 Rural Poverty Repoattieofinternational Fund for Agricultural
Development (IFAD). This report contains an in-degiscussion of key factor markets for rural
households (pp. 125-140), and also touches onamintarming and the need for low-income
countries to capture a larger share of the agtiralltvalue chain. However, while the authors
consider a range of policies as remedies for fgilmarkets, they provide no evidence that
markets indeed fail. Similarly, input market fags are implicitly assumed in various sections
of the 2008 World Development Report (WDR) Agriculture for Development. The WDR
covers the topic of “mak[ing] input markets workitee” without discussing whether or how we
know that input markets currently fail (i.e., thdtose markets do not simply reflect the
underlying fundamentals). In the FAO Regional ®fat Framework for Africa, 2010-2015, the
authors point out that Africa has the world’'s lowésvels of improved inputs per unit of
cultivated land (p. 10). While this is not neceggavidence of failures in input markets, it is
consistent with such failures, and it underpins doeument’'s emphasis on correcting input
market failures. Finally, the 2010 Abuja Declaration Fertilizers for an African Green

Revolution makes explicit the concern that inputrket failures contribute directly to food



insecurity. Yet while there is little dispute abaie degradation of soils across SSA from
underinvestment in land productivity, it is not alethat current fertilizer use rates are sub-
optimal for many farmers, given current output esictransaction costs, and the risks associated
with rain-fed agricultural production (Marenya aBarrett 2009, Ricker-Gilbert et al. 2009,
Sheahan 2011).

We mention these documents not to imply that thésstate the problems facing small-scale
farmers in Africa. Indeed, these reports typify public discourse on this issue. Our point is that
priority setting in this area is based largely ongstanding perceptions about factor market
failures, not on empirical evidence from rigoroypdthesis testing using current data. Given
the magnitude of the investments made based orageemption of market failure, careful
empirical study of the fundamental hypothesis tdiamarket failures are widespread in rural
Africa — seems desirable to better inform prograngrby governments and the development
community. In the absence of such research we tatetermine whether markets in Africa
frequently fail to clear (in the sense that pridesnot adjust to clear supply and demand), or
whether markets generally work well but the cenpedblem is that many households are
endowed with insufficient quantities and qualittédand and labor to generate returatsar ket

prices, that lead to sustained productivity growth oupo¥Verty.

Consider the following illustration. High transamti costs, weak enforcement of contracts,
significant output risk — features common to rugabnomies in SSA — could induce market
failure by causing mismatches in supply and den@noly supporting non-competitive pricing.

But these features also increase suppliers’ caglisch shifts supply curves inward, raises
equilibrium prices, and reduces trading volumesthin latter case, low input use levels are the
equilibrium outcome of competitive markets, eveouidjh they may be sub-optimal from a social

perspective.

Distinguishing between these two cases is essewotipblicy design, because the instruments
necessary to fix broken or missing markets arethetsame as those used to add value to
products in well-functioning markets. If marketduadly work well, then greater attention should
be paid to increasing the valabove current market prices of the land and labor tloaistitute

the primary endowments of most poor householdsfiit#® Such policies could take the form of

training and education, subsidies, taxes and teartsf mitigate endowment inequalities, or
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temporary assistance (e.g., through credit, insgram extension services) to connect better to
value chains so as to stimulate learning by doinggglomeration externalities. If, by contrast,
we can reject the hypothesis that African agricaltufactor markets are complete and
competitive, then a prima facie case exists foeriwrgntions directly targeted to address the
sources of market failure so as to liberate thenlaproductivity and growth potential of African
rural households. Such policies might include weetions to firm up property rights, to
improve contract enforcement, to end collusion @n-nompetitive pricing, or to lower costs of
production through investment in public goods aeises such as physical (e.g., power, roads,

telecommunications, water) and institutional (eggades and standards) infrastructure.

The aim of this paper is to offer a first step todvaigorous assessment of factor market
performance in SSA. Using newly available data fiben Living Standard Measurement Study-
Integrated Surveys on Agriculture Initiative (LSMSA), we test for factor market failures in

five of the major economies of Sub-Saharan Afriéghiopia, Malawi, Niger, Tanzania,

Uganda). Our specific goals are twofold, and adwdift modest. First, we document the
observed patterns of factor market participationalyicultural households. We focus on land
and labor markets, as the prevailing wisdom seenisetthat few farmers participate in these
markets in rural Africa, instead relying on houddhi@abor and owned or informally allocated

land. We show that, in fact, a large share of fasnteansact in agricultural labor and/or land
markets. These markets plainly exist and are ugtghgvely, naturally raising the question of

how well they function.

Our second goal is to use a well-established, edlficrm approach to test for market failures
using the input demand functions of agrarian hoaolsish(Benjamin 1992, Udry 1999). For all
five of the study countries we strongly reject thdl hypothesis of complete and competitive
factor markets. We further show that the pattérmarket failures is general and structural, not
related to the gender of the household head, ngedgraphic characteristics such as the distance
to roads or large population centers. We showithabme countries the degree of market failure
varies between agro-ecological zones, suggestiagntfarket performance across the region is
related at least in part to agro-climatic factoussale households’ control. The overall message

is a strong endorsement of the maintained hypathesit underpins much current discourse on



African agricultural and rural development: thesea pressing need to address widespread,

systemic market failures that impede productivitgvgth and poverty reduction.

The test of market failure that we employ is graeshéh the standard model of the agricultural
household (Singh et al. 1986). The model makes$iaixfhe prediction that when markets are

complete and competitive, households can make idasisabout production and consumption

separately and recursively. This is widely knowrites“separation hypothesis”. If the separation
hypothesis holds, households behave as if thegakaresources so as to maximize farm profits
first, and then make consumption choices conditiemathe budget set that results from farm

profit maximization. Endowments and preferencesdaftonsumption choices, but they should
not affect first-stage production behaviors. At theart of this reduced form test is the

observation that when markets are complete and etitie and the separation hypothesis
holds, household size — the household’s labor entEw — is not predictive of labor demahnd.

Non-separability between the household’s produocer @nsumer resource allocation decisions
is generally understood to arise from two condgioRirst, households must have preferences
over some factor of production independent of thadated to the value of final output. An
obvious example in the case of agrarian househsltsat household members use their time to
supply labor to the family farm, but they also aame time as leisure. If hired labor is a perfect
substitute for household labor, then the consumpdilod production uses of labor endowments
can be effectively separated. But if hired anddaetwld labor are not perfect substitutes, or if
people have strong sectoral or locational prefeagnfor where they work — so that labor
produces more than just income — then separalfdity. Secondat least two factor markets
must fail to clear at prices determined competijiviey the prevailing supply and demand
curves. Resource allocation can adjust to a siqgéesi-fixed factor of production caused by a
unique market failure (Feder 1985). If credit, dgbland and other factor markets are
competitive and complete (up to, at most, a simghlgket failure), and if household-specific

shadow prices do not vary substantially around gileng market prices (de Janvey al 1991,

! There is also a structural approach to the stiidiyeoseparable household model, involving estiomatif
production functions and comparison of the marggmatiuct of inputs to their market prices (JacoB93, Skoufias
1994, Barrett et al. 2008, Le 2010). We focustenreduced form approach because it lends itsal¢ meadily to
interpretation as a specific test of market fasure



Barrett 1996, Barrett et al. 2008), then the effiti allocation of resources on the farm is

independent of household endowments.

A number of recent papers have sought to evaluatdeah function in a variety of settings in
Africa. Not surprisingly, results have been mix&erg (2013) uses anticipated changes in
household income in South Africa to test for thesgnce of credit constraints. While he cannot
reject that the observed patterns are due to ptiecawny savings, he does find strong indicative
evidence of credit market failures. In the contaxd multi-factorial randomized controlled trial,
Karlan et al. (2013) find strong evidence for ingdete insurance markets among farmers in
Ghana. Barrett et al. (2008) show with data frodteQ)’Ivoire that significant differences exist
between shadow wages derived from estimated prioshufinctions and local market wages
paid the same workers, which can be interpreteevatence of failure in multiple agricultural
input markets. On the other hand, separate stfidissKenya and Malawi suggest that given the
relative prices of outputs and fertilizer, subssdieay induce most farmers to apply fertilizer at
levels well beyond that which is profitable, cadjiinto question the degree to which input
market failures are a binding constraint on prowhitgt (Ricker-Gilbert et al. 2009, Sheahan
2011). This paper augments these country-spedcifdies by applying the same, general test to
recent, high quality data from five different coties, offering the most comprehensive tests to

date for market failures in rural African factor rkets.

The rest of the paper proceeds as follows. InfétHewing section we briefly review the core
theoretical model, the optimal conditional factenthnd functions derived from that model that
underpin the separation hypothesis, and the emapisigecification of the reduced form test of
that hypothesis. Descriptive statistics are priegseim Section 3. Section 4 presents results, and

Section 5 concludes with implications for both pglmakers and researchers.

1. Theory and empirical framework

In this section we outline a basic model of theiadpural household and emphasize the role

played by the separation hypothesis. Our goal Ig tondescribe the basic empirical framework,



so we leave aside certain complicating factors ¢hatbe readily incorporated into future work.
The exposition in this section most directly follewdry (1999) and Barrett et al. (2038).

In a particular cropping year a household has al tabor endowment of, which it divides
between leisuré!, work on the household fari¥, and supply of labor to the markét?. The
household has preferences over consumption of gahdsnd leisurel!, represented by the
strictly increasing, concave utility functioti(C, L!|Z). The utility function is conditional on
household characteristi@s which includes endowments not explicitly denogdsewhere. The
household produces a single food commodity for salnsumption using a strictly increasing,
concave production technolodi(L, X, A |W), whereL represents total labor applicatiofiis a
vector of non-labor inputs} represents land inputs, aild represents exogenous agro-climatic
factors such as pests and weather conditions. dhseold owns land’ and rents in (net) land
areaA”, the sum of which is total land in cultivatioA, The household can hire labor on the
market, represented liy. Letp, be the vector of non-labor input pricesbe the market wage
rate,p, be the price of land, ang be the price of the output, all of which are knotenthe
household. Abstracting from uncertainty over exagenconditions, the household’s utility

maximization problem is:

N Max ;i ,n;d m 4ry U(C, L' Z)
subject to:
(2) pC —wL™ < pF(L,X,A|W) —wlL% — p, X — p,A"
(3) L=L"+1¢
(4) A=A+ AT
(5) L1+ 1™+ L
(6) LY LM LA L™ X,A,C =0

Under the standard assumptions about the utilitgtion, weak inequalities (2) and (5) bind at
the solution. The problem can be solved by fihgiasing total agricultural labor demahdnon-

labor inputsX, and land inputgl to maximize farm profit, conditional di. This is represented

2 The canonical reference is Singh et al. (1986)u &t al. (1978) and Benjamin (1992) were alsofhkip
developing the model outlined here.



by the right-hand side of the inequality in (2).eTlousehold then solves its utility maximization

problem conditional on optimal profits. This is taesence of the separation hypothesis. With
complete and competitive markets, the householdogrand sell labor, land and other inputs at
exogenous, market-clearing prices, so that its ypton and consumption decisions can be

explored as if they were completely separate.

If the separation hypothesis holds, then the swiuto the household’s problem implies the

following:
(7) " (p, px, Pas W) = maxy x 1, pF(L", X", A*|W) — wL® — Dx X" — paA”
8 L' =L@ pupawlW)
9) A" =A@, popawl W)
(10) X" =X, px,pa Wl W)
(11) ¢ =C@ pupaw, LA |W,Z)

where equation 7 is the profit function, equati@s0 are the input demand functions, and

equation 11 is the consumption function.

Various tests based on equations 7—10 can be iatedpas tests of the underlying assumption of
complete and competitive factor markets. As isrcieahese equations, inputs depend only on
exogenous prices, plot and weather characteristithke separation hypothesis holds. This
suggests a reduced form strategy for testing tharagon hypothesis: include in the estimation
of an input demand function any other variable tha¢s not appear in equations 7-10 but that
does appear in equation 11, that is that shoulg affect consumption behaviors and not
production behaviors. Natural options are the hbalsklabor endowment or other household
characteristics that should influence consumptiaitepns without impacting the household’s full

income. A test of complete and competitive markeds be implemented as a test of the
exclusionary restriction implied by the theory, ttipmoduction input demands are invariant to
household characteristics. In particular, labotdacdlemand should be invariant to household
labor endowmentd,. This is the intuition underlying most of the teststhe seminal paper of

Benjamin (1992). Following this approach, in thappr we focus on the restriction implied by



equation 8, the conditional labor demand functibthe household under the null hypothesis of

complete and competitive markets.

To test this restriction we estimate regressionwta labor demand on prices, land inputs, and

household characteristi€g, using the following general specification:
(12) logL, = a+ BlogLy, + 8logA, + v Z, + ¢pPrices + uy,

where(a, B, 8,v, ¢) represent coefficients, the subscipndicates households, apds a mean
zero, iid, normally distributed error term. In tluase the separation hypothesis is represented by
the null hypothesisH,: § = 0. Rejection of that null in favor of the alternatgpothesis,
Hy: p # 0, implies rejection of the exclusionary restrictitinat follows directly from the

presence of complete and competitive markets.

We report OLS estimates of equation 12, separdtglyeach of the five study countries. In
focusing on this baseline specification we make uanlper of simplifying assumptions. In
particular, we treat land inputs as fixed withire thropping season and household size as
exogenous. Household size in our empirical testefsned as the number of adults aged 15+,
but we do not further disaggregate household syzddmographic characteristics of household
members (although we do include some demograpimtale inZ;). And we ignore the role of
supervisory household labor as a complement tal haeor. We also do not make adjustments
for possible productivity differences between hirgdrkers and household workers. Finally,
following Benjamin (1992), we drop child labor itpufrom the calculation of total labor
demand, and we ignore harvest period labor bedcauseaisually proportional to output, rather

than an input to productioh Extensions to cover these concerns are leftufiré work.

The test of the separation hypothesis implicit gquation 12 cannot be interpreted as a test of
labor market failure specifically. It is well undéood that multiple market failures are required
to generate distortions in factor or output marketeause relative prices — not absolute prices —
are what matters in determining the efficient adloen of resources. If we reject the null
hypothesis that the coefficient on household sizstatistically indistinguishable from zero, all

that we can conclude is thabme multiple factor markets (potentially including markets for

% Harvest labor is included in total labor demandHouseholds in Uganda, because hired labor igisaggregated
by activity.



credit, insurance, or land) are failing. A detdilexploration of preciselwhich markets are

failing requires structural estimation that is keftfuture analysis.

2. Data

The data for this paper are from the Living StaddaMeasurement Study and Integrated
Surveys on Agriculture (LSMS-ISA) project, spongbrey the Bill and Melinda Gates
Foundation and implemented by the national stasistiffices of participating countries with
technical expertise and oversight provided by tledlopment Research Group of the World
Bank? These nationally representative data sets coveonaprehensive set of demographic,
health, economic and agricultural topics. Althoulgére is variation in survey content between
countries, efforts were made to ensure as muchscrasonal comparability as possible in
guestionnaire design and coverage. Panel dataaitable for some countries and will be
available for all study countries in the coming ngedhough in this paper we make use of only a
single cross section for each country. For eacimityg we restrict the sample to households that

report cultivation of a positive amount of land idgrthe season under study.

Of the six LSMS-ISA countries — Ethiopia, Malawiigdr, Nigeria, Tanzania, and Uganda — we
use data from all but Nigeria, because the Nigdata lack sufficient information on agricultural
labor demand. Because the hypotheses of interéistpaper relate to market function within a
cultivation period, we have not combined data acrosltiple cropping seasons. Instead, we use
data relevant for the major cropping season inntlost recent wave of each of the data sets.
These are the 2011 cropping season in Ethiopia2@08/2009 rainy season in Malawi; the 2010
rainy season in Niger; the 2010 long rainy seasohanzania; and the first cropping season of
2010 in Uganda.

Household-level summary statistics

Table 1 shows summary statistics at the houseleoll for all five study countries. In Ethiopia,
the average household has 5.24 members of all agesslightly more males than females. Just

over 80% of households are male-headed. Educédigis among household heads are the

* See the project website for additional detditsp://go.worldbank.org/OQQUQY3P70
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second lowest of the study countries, at 1.61 yeaesducation on average. Of the 2.81 acres
owned by the average household, 76% is cultivadéal,is left fallow, and 22% is used for all

other purposes, including pastures, forest land,ranting out. The average household cultivates
more than 11 plots, with each crop stand on a aipglcel listed as a separate plot. Eighteen
percent of cultivated acreage is described as demtdoorrowed. Household allocate a majority
of cultivated land to the production of staple gsa+ maize, sorghum, and teff — with significant

allocation of remaining land to cash crops, pulses, nuts.

The next set of columns show similar statisticenfithe 2010-2011 Malawi survey. The Malawi
survey includes over 10,000 households, only atquaf which are designated as panel survey
households. We restrict our analysis to the phoaseholds because the labor demand modules
given to cross-sectional and panel householdsligitgtlg different, and labor demand issues are

central to the questions in this paper.

In Table 1 we see that households in Malawi argh#lif (but not statistically significantly)
smaller than those in Ethiopia, with 4.96 membersaverage. Household heads are far more
educated on average (4.98 years of education) imaBthiopia, and almost a quarter of
households are female-headed. The average hodsghons 1.58 acres and owns or cultivates 2
separate plots. Of the acreage owned by households, only a verslisfraction is listed as
“rented out”’ Finally, crop distributions in Malawi are heavilpminated by maize production,
which accounts for 1.45 acres of cultivated lancheerage. Farmers primarily use the remaining

land to cultivate pulses, nuts, and cash cfops.

In the middle of Table 1 we show summary statisiieghe Niger sample. Niger is the poorest

country in the study. Households are especialiglaencompassing almost seven people, on
average. Only 8% of household heads are femalecdfidnal attainment by household heads is
the lowest among study countries, averaging less tnme year completed. Households report

significantly greater land ownership than in thbeststudy countries, with average holdings of

® For Ethiopia, Malawi, and Tanzania we use onlygtimary crop listed on the plot, ignoring inteepping.
However, the Uganda survey provides data on theepéage of land allocated to each crop at thelglet, and we
use this information to distribute plot-level aggedo every crop listed on each plot.

® The definition of a “plot” varies between surveys, that this statistic is not directly comparadibeoss countries.
" We are not sure what to make of this figure, gitrext households in Malawi describe a much greatgportion
of land as “rented in” than “rented out”.

8 For the summary statistics we define as cash abp®n-food crops, including tobacco, cotton, aisl, as well
as coffee and tea.
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almost 12 acres. Although this statistic is drivempart by a small number of large landowners,
the median household owns 7.4 acres, which islatgdler than the average acres owned in any
other study country. Farming households in Nigétivate almost all of the land that they own,
and rent an average of 1.6 acres of additional fanaultivation. Cultivation is concentrated
heavily in sorghum, millet, and beans, with relalyvsmall amounts of land allocated to other

crops.

The next set of columns in Table 1 provides sumnsaayistics for the 2010-2011 data from
Tanzania. As mentioned above, agricultural vaegalfor Tanzania refer only to the long rainy
season. Not surprisingly, the demographic charattss of households in Tanzania are more
similar to those for Malawi than Ethiopia or NigerThe average sample household from
Tanzania has 5.55 members, with slightly more fesiéthan males. Household heads are 25%
female, and have 4.58 years of education on averafgiseholds in Tanzania report owning
less land than those in Niger, but much more ldmah tthose in smaller Malawi or more
populous Ethiopia: 5.31 acres on average, 81% a€hwis cultivated and 15% of which is
fallow. Only 2% of owned land is described as teshout”, while 14% of cultivated land is
listed as rented in or borrowed. Maize is the pryncrop in Tanzania, with 2.2 acres of maize
grown by the average household. Land allocatiothéoother crop categories — other grains,
rice, tubers (including cassava), pulses and ©at) crops, and other crops (including banana) —
ranges from 0.31-0.57 acres on average.

Finally, in the rightmost columns of Table 1 wead® a similar set of summary statistics for
Uganda. Households in Uganda have 6.64 memberaverage, again with slightly more
females than males. Only 71% of households in dgame male-headed. Households own 3.29
acres on average, and own or cultivate 5.65 pldimety percent of owned land is cultivated,
7% is fallow, and essentially none is describedrasted out”. Households report cultivating
just under 3 acres on average, 79% of which is dvamel 21% of which is described as rented in
or borrowed. Tubers, including cassava, accounthi® largest proportion of cultivated acreage,
followed by pulses/nuts and “other crops” (whichludes all bananas). Only 0.41 acres of maize

are cultivated on average.

Factor market participation: Summary statistics
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In Table 2 we present sample statistics for pgditon in land markets by sample households.
Across study countries there is surprising consdten the pattern of renting or borrowing land
for cultivation, with percentages ranging from 28.2n Tanzania to 36.6% in Uganda. The
percentage of sample households renting landnmuish larger than that renting land out. There
is likewise general consistency in the average annad land rented or borrowed in, with
estimates in all countries but Niger lying betwdeA4 and 0.55 acres. In Niger the average
household cultivated almost two acres of rentedasrowed land. Average acres rented out is
less than average acres rented in for all studytoes, as one would expect in a sample
restricted to households that cultivate, as thesamiple of cultivators necessarily omits

households that own but do not cultivate land, &reby definition net suppliers of rented land.

Turning to the market for agricultural laborersplea3 shows the percentage of households that
report hiring workers for various non-harvest at@g during the studied cultivation period.
This is one area where there is substantial hetaeity in the level of detail covered in the
LSMS-ISA surveys, therefore cross-country compagsshould be made cautiously, if at all.
Nevertheless the overall pattern of labor hiringc@nsistent across study countries, with
approximately 30-50% of households hiring workersamne point during the cultivation season,
not including the harvest. In Ethiopia and Tanzajist under a third of households report hiring
of some laborers (30.2% and 30.8%, respectivelg).these two countries the distribution of
hiring across activities is generally consistenithwhe exception of very limited hiring for
fertilizer application in Tanzania. In Malawi, Nig and Uganda, over 40% of households hire
workers. In Malawi and Niger the rate of hiring flon-harvest activities is almost twice that for
the harvest. This is consistent with the widesprpatteption that if labor constraints bind
because of seasonality in demand, they are madylik do so in the harvest period (Benjamin

1992). The labor module in Uganda does not disagde activities by type.

The clear message of Tables 2 and 3 is that a &rgee of African agricultural households hire
in labor, land, or both, in any given year. Evercleding harvest labor hiring and those
households that hire themselves out as agriculivogkers and do not hire others, at least a large
minority of cultivating households participate @bbr or land markets, or both. Clearly these
markets exist and have sufficient numbers of tretiosa that households in large part act as
price-takers. But the existence of markets withgadée transactional density is merely a

13



necessary condition for the separation hypothesi®otd. As de Janvry et al. (1991) make clear,

markets can fail idiosyncratically for specific ls&olds for any of a host of reasons.

Descriptive kernel regressions of labor hiring dadoor demand patterns give a preview of the
multivariate regression results we present in tbgt rsection, where we test the separation
hypothesis formally. Figure 1 shows a local polyied regression at the household level of the
demand for non-household hired labor (person-dagghe household land-to-labor endowment
ratio (acres owned per household member) in Etaibpi aggregating labor across individuals,
we count each child person-day as 50% of an adu#igm-day. Grey shading indicates the 95%

confidence interval around the regression estimate.

There are two things to note in the figure. Filaor hiring is statistically significantly
increasing in the number of acres owned per holdemember, as we would expect in a
country with at least some agricultural labor mar&etivity. Second, to the extent that any
patterns are apparent in the figure, the relatignishconcave at higher levels of owned acreage.
Or, if linear, the slope of the regression linelsarly less than one. As the number of acres per
household member increases, hiring of outside werkiees not increase proportionally. In
theory, this could be due to economies of scaleitimer household labor, hired labor, or both,
although the empirical literature on smallholderi@agtural production routinely supports the
constant returns to scale hypothesis. Howeves,ghitern is also consistent with labor or credit
market failures that prevent households with greated for outside laborers from hiring at

optimal levels.

Figure 2 shows a kernel regression of total lalwnahd (family labor plus hired labor, in adult
person-days) on total household size, again foséloolds in Ethiopia. If labor markets were
complete and competitive and the separation hygatheeld, we would expect to see no clear
relationship between these two variables. Insteadee that total labor demand is increasing in
the number of household members until a househnt &f 7, after which the regression line
tapers off and becomes noisier. Although thisregdioes not constitute a formal separation test,
because the underlying result does not conditionnguortant covariates, it does suggest that
there exists a strong relationship between houdeladlor endowments and the application of

labor on the family farm.

° The estimator for each of these figures is a lawn smoother using an Epanechnikov kernel amahavtidth
chosen using the Stata default optimal rule-of-thum
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Figures 3-4, 5-6, 7-8, and 9-10 show similar pafrkernel regression results for Malawi, Niger,
Tanzania, and Uganda, respectively. The gener&rpatin Figures 3, 7, and 9 are consistent
with that from Figure 1 for Ethiopia: hiring of @itle workers in increasing in the number of
acres per household member, but at a decreasingmalrate. In Figure 5, however, we see no
such pattern for households in Niger, particulanlyhe region over which most of the data are
concentrated, i.e., below eight acres per perdostead, the number of person-days demanded
from outside workers is flat or even slightly deasimg in the household land:labor endowment
ratio. One interpretation of this result, in comddion with the observation that households in
Niger rent significantly more land than those ihetstudy countries, is that credit-constrained
households borrow against expected harvest outpterit land, but that such loans cannot be

converted into cash to hire workers.

In Figures 4, 6, 8, and 10, the picture is clearad absolutely consistent with that of Figure 2.
Total labor demand is increasing in household sizdl study countries. This pattern anticipates
the formal hypothesis testing results presentedvhethat household factor demand varies
strongly with household labor endowments, conttatticthe separation hypothesis implied by
the canonical agricultural household model underabhsumption of complete and competitive

factor markets.

3. Regression results

In Table 4 we show summary statistics for the \des used in the country-specific regression
estimates of equation 12. Median wages in localeoiey units are based on reported wages,
including both cash and in-kind payments. Theseiamedages are calculated at the smallest
level of geographical aggregation with at leasbb8ervations (beginning at the zogeappe, or

TA level, depending on the country, and movingameér areas as needéd). “Prime age” is
defined as ages 15-60 years, while “Elderly” inthsaage >60 years. The excluded demographic
category is elderly male. Note that our househate sariable is the sum of those two age
categories; we omit children under age 15 so asnitigate concerns about the possible

endogeneity of household size and so as not taaduks with young children unable or unlikely

1 This measure has some shortcomings in this settmgarticular, counterfactual or marginal wages likely
underestimated in those places with potentially thbor markets, because the probability of hiagd therefore of
observing a wage) is decreasing in the wage level.
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to work. Note that we do, however, still countldhgontributions to agricultural labor demand,

assuming that one child work day is equivalentath &n adult’s work day.

The results of the basic ordinary least squaresSjOimplementation of the separation
hypothesis test from equation 12 are reported biela. All regressions are weighted by inverse
sampling probabilities, and standard errors arsteted at the level of the zone (Ethiopia), TA
(Malawi), grappe (Niger) or district (Uganda and Tanzania). Alltbe signs of the estimated
coefficients in Table 5 are consistent with expiotes, when statistically significant. The
estimated elasticity of labor demand with respedrea cultivated ranges from 0.34 in Niger to
0.53 in Malawi and is statistically significant all cases at the one percent level. It is not
possible to determine whether the finding that teiasticity is less than unity is due to
economies of scale, labor market constraints, tmadrket constraints, or some other factors.
Only in the Malawi regression is the coefficient median wages statistically significant, and it
is negative as expected. The coefficient on wagedso negative in the Niger and Tanzania
regressions, where the t-statistic is greater thain absolute value and reasonably similar in
magnitude, ranging from -0.08 to -0.16 across thbese samples. The household composition
variables are for the most part not statisticalgnsicant, although when they are we see that
labor demand is increasing in the share of prineeaatylts and decreasing in the share of elderly

females (relative to elderly males).

Finally, and most importantly for this paper, thellnhypothesis of the separability of
consumption and production decisions can be styorgjected at the one percent level of
significance in all regressions. The estimated tieias of labor demand with respect to
household size (i.e., number of adults) ranges ffb21 in Uganda to 0.64 in Niger. The
magnitude of this elasticity can be taken as amandicator of the depth of market failure. In
this sense the findings are similar to those fréva kernel regressions, in that demand side
participation in labor markets appears weaker igeNithan in the other study countries.
Although many households in Niger hire agricultul@borers (Table 3), the total amount of
labor applied to farms in Niger is linked more dlysto the (larger) size of Nigerien households
than it is in the other study countries. Nevertbgldhe consistent message in Table 5 is that
across all study countries, agricultural househalgsnot served by complete and competitive
markets for factors of production.
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Table 6 reports a set of robustness checks, inhwmiv repeat the regressions from Table 5 but
now include location fixed effects. The median wageable necessarily drops out because it
was constructed as a location median from obsemagg payments. Results are very similar to
those in Table 5, and the separation hypothesisagam be rejected overwhelmingly for all

study countries.

Finally, Table 7 repeats the specifications frombl&€, but includes land endowments (log acres
owned) as an additional explanatory variable. Wraamplete and competitive markets this
variable, just like labor endowments, should notdlated to labor demand as it merely affects
the budget set faced by the household in its corsuate. Although the coefficient on log acres
owned is only statistically different from zerotime Malawi and Niger regressions, the land and
labor endowments are highly jointly significantali cases, and still driven by household size
coefficient estimates that remain large in magmatwhd statistically significant at the one
percent level. The F statistics for this joint tast shown in Table 7; all have p-values of zero.
In fact, land endowments likely play a greater roleletermining input demand than suggested
by these regressions, because acres cultivatedhby ltorrelated with acres owned, rendering
their separate effects difficult to identify in mgle regression. The implication is that market

failures create a dependency on endowments thas spaltiple factor markets.

Are there patterns in market failures?

The preceding results describe a generalized,tataldailure of multiple factor markets in rural
Africa. But are these problems perhaps especialbncentrated among identifiable
subpopulations? In order to explore that questi@anexamine some of the household- and
location-level correlates of factor market failu@ur approach remains strictly reduced form. In
order to test whether a particular characteristiagsociated with a greater or lesser degree of
market failure, we include the variable in equati@both independently and interacted with the
log of household size variable. We are especiatigrested to see if these new variables diminish
the magnitude or eliminate the statistical sigaifice of the estimated relationship between log
household size and labor demand. Such a resultdwsuggest that factor market failures affect

primarily distinct subpopulations and are not gafieed within rural Africa. We consider three
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sources of heterogeneity in access to completeetmargender of the household head, distance

from key points such as paved roads and large ptipnlcenters, and agro-ecological zone.

Gender inequities in access to credit, inputs,almarkets, public services and technologies are
often presumed to be widespread in rural Africadher€ is indeed significant prior evidence of
productivity differences by gender (Udry 1996, Damsd Morris 2000). Likewise, greater
distances from paved roads and trading centers prayy for prohibitively high transaction
costs, which prior studies have shown are cormlatigh agricultural productivity (Stifel and
Minten 2008). Sub-optimal investment in infrasturet can lead to incomplete factor markets,
for example through stock-outs of seeds and feetil{(because of prohibitively high transaction
costs) or thin labor markets. Lastly, we considdrether variation in agro-ecological zone,
which serves as a proxy for agricultural potentedplains variation in the degree of market

failure.

Table 8 shows the results of regressions with otstior the gender of the household head.
Perhaps surprisingly, we find little evidence otdregeneity in factor market performance by
gender of the head. In all study countries othantNiger, the coefficients on both the level and
interaction variables are statistically insignifitaand of relatively small magnitude. In Niger,

the average relationship between household sizelabat demand is the same for men and
women (because the mean value of log householdisigst over 1 — see Table 4). However,
women with smaller families demamabre agricultural labor than women with larger families
and the household size effect falls by more thanpéftent for female headed households
relative to male headed ones. This unexpectedtrissalmost surely due to highly non-random
selection into being a female household head, &dpeone with a small family. Because there
are many fewer female-headed households in Nidewutal2.5% of the sample) than in the
other study countries (approximately 25% across$oalt countries), this finding may in part be

an artifact of sampling variation, especially sinceuns contrary to what one might naturally
expect as the unique deviation of the lone predantly Muslim country in the set. Overall, it

does not appear that gender of the household hefms hn explaining variation in the

completeness of the markets facing rural households

Distance variables are similarly uninformative. ach study country we estimated equation 12

including interactions and levels for four diffetatistance variables (separately): distance from
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a paved road, distance from the closest town witfd@+ inhabitants, distance from a large
market'* and distance from the region or district capitéle majority of regression coefficients
on distance variables were of negligible magnit@he in no cases were the results of statistical
and economic significance. Additionally, inclusiaf distance controls did not have any
significant effect on the coefficient estimate aubkehold size, so that the estimated violation of
the separability hypothesis was not attenuateayncd the samples. In the interest of space we
have withheld this large set of null results. Tda@sbles are available upon request. While it
might be reasonable to conjecture that rural maiikikires would be most acutely felt in more
remote areas, we find no evidence of such a patigrany of several common measures of

market access.

Lastly, we examine whether the degree of markduriaivaries with agro-climate. For each
country we include in equation 12 a set of dummyaldes and interactions with log household
size for the relevant agro-ecological zones (AEXs)each case we exclude the most common
AEZ (at the country level). Because each countsydrdy a small number of spatially correlated
AEZs, we omit the location fixed effects and remdlnce price variables (as in Table 5).

To aid in interpretation, Table 9 shows the disttiln of AEZs across households in each
country sample, as well as the mean and s.d. ofothéiH size variable. In most of the well-

represented AEZs the mean of “Log HH size” is dliggreater than one.

Table 10 reports the regression results. In Malawd Uganda there are no significant
differences between AEZs. For Ethiopia, the onltistically significant difference (from the

baseline category of cool, sub-humid tropics) istie warm semi-arid areas, where smaller
households in particular exhibit lower demand fgri@ultural labor. However, the interaction

term with log of household size is not significgndifferent from zero in any of the AEZs and

the magnitude and statistical significance of tbefiicient estimate on log household size is
essentially unchanged. In Niger there is likewidewa! difference in conditional labor demand
between AEZs, with greater demand in arid areas #seai-arid areas, but the interaction with
log of household size is again not significant dhdre is no discernible effect on the log
household size coefficient of interest. In Uganberé is no evidence of any effect of AEZ

whatsoever.

™ For households in Malawi the only available diseameasure for markets was distance (km) to an ABKIA
center.
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Only in Malawi and Tanzania is there any indicatibat AEZ might affect the degree of rural
market failures. In Malawi, although the AEZ vatied have no independently statistically
significant effect on labor demand, either on thleim or interacted with household size, their
inclusion does significantly reduce the magnitudehe estimated elasticity of labor demand
with respect to labor endowments, although thatnese remains large (0.36) and statistically
significant at the one percent level. So there sgaificant effect, but rural market failures
remain general and sizable in the Malawi data. dnZBknia, the function relating labor demand
to household size in all of the included AEZs hastatistically different intercept and a slope
from that of the excluded AEZ (warm sub-humid tos)i In all cases, conditional labor demand
increases much more quickly with household sizinénincluded AEZs than it does in the warm
sub-humid tropics. Differences in the elasticifyabor demand with respect to household size
range from 0.18 in the cool sub-humid tropics ®60.in the cool humid tropics. As long as we
make comparisons only within Tanzania, this offsuggestive evidence that factor market
failures are greater in areas outside of the warmhaimid tropics that characterize the bulk of
Tanzanian cultivation. This is not unsurprising,jtasuggests that rural market failures are most

acute where agricultural production is least cotreged.

4. Conclusions

Using a theoretically-grounded, reduced form testdomplete and competitive markets, we
have shown that the relationship between labor dednaad household size is broadly consistent
with the existence of pervasive multiple markelufi@s across agrarian communities in five Sub-
Saharan African countries. Despite widespread qpation in labor and land markets by
agricultural households across SSA, regressionltsediased on a simple, reduced form
exclusionary restriction derived from the first erdnecessary conditions of the household
optimization problem indicate that household endents influence factor demand in a way that
is inconsistent with the separation hypothesis iegplby the assumption of complete and
competitive factor markets. This finding corresgemwith the unconditional results suggested
by simple kernel regressions of labor demand orséloold factor endowments. The overall
conclusion supports the widespread but previoustgsied assumption among the development

community: factor markets regularly fail Africanrfiaers. But we emphasize that the reduced
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form separation hypothesis tests implemented lesan) though they rely on an analysis of labor
market transactions, does not allow us to idengfgcisely which factor markets fail. In
particular, these test results do not imply thdbtamarkets fail, as violations of the separation
hypothesis can occur even with perfectly functigniebor markets (Barrett 1996). The fact that
a large share of agricultural households transaairal labor and land markets suggests that the
issue is less one of outright market absence tHastroctural barriers — perhaps related to
financial intermediation, uncertain and expensiventact enforcement, weak physical
infrastructure that results in high transactionstgpetc. — that impede efficient factor market
functioning for most rural households. The factt ttheese market failures are not concentrated
among households readily identified by locatiorgender signals that these market failures are

general and structural.

As the development community and African governmémtreasingly intervene to try to rectify
perceived market failures, the onus now falls @eagchers to more precisely locate the sources
and causes of factor market failures that impeddyptivity and income growth in rural Africa.
Effective targeting of interventions depends on enprecise, structural estimation that goes
beyond the reduced form tests we offer in this papeis will require methodological advances
to take advantage of data now becoming availableetp inform the design and evaluation of

policies intended to help stimulate African agriauhl and rural development.
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Figures

Figure 1. Kernel regression, non-household labdand:labor endowment ratio, Ethiopia
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Figure 2. Kernel regression, total labor demanthausehold size, Ethiopia
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Figure 3. Kernel regression, non-household labdand:labor endowment ratio, Malawi
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Figure 4. Kernel regression, total labor demanthiausehold size, Malawi
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Figure 5. Kernel regression, non-household labdand:labor endowment ratio, Niger
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Figure 6. Kernel regression, total labor demanthausehold size, Niger
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Figure 7. Kernel regression, non-household labdand:labor endowment ratio, Tanzania
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Figure 8. Kernel regression, total labor demantiausehold size, Tanzania
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Figure 9. Kernel regression, non-household labdand:labor endowment ratio, Uganda
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Figure 10. Kernel regression, total labor demantausehold size, Uganda
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Tables

Table 1. Household-level summary statistics fosaltly countries

Ethiopia Malawi Niger Tanzania Uganda
Mean s.d. N Mean s.d. N Mean s.d. N Mean d. s. N Mean s.d. N

Household size 524 2.2 3094 496 2.29 2666 6.78 53 3. 2339 5.55 295 2630 6.64 3.46 2135
Male head =1 0.81 3094 0.77 2666 0.92 2339 0.75 3026 0.71 2135
Education of head (yrs) 1.61 272 3039 5.22 4.184626 0.87 2.35 2339 4.58 3.37 2582 4.69 3.34 1813
Number of males 266 152 3094 24 153 2666 3.37.09 2 2339 2.7 1.8 2630 3.22 2.09 2135
Number of females 256 1.38 3094 256 1.44 2666 134211 2339 2.85 1.78 2630 3.43 2.11 2135
No. plots own/cultivate 11.69 7.33 3094 205 1.13%6@ 3.04 1.96 2339 2.3 1.32 2630 5.65 2.69 2135
Acres own 281 525 3094 158 1.73 2666 11.98 19.@339 531 10.51 2630 3.29 10.27 2135

--- share cultivate 0.76 0.26 2790 099 0.1 2043 980. 0.12 1969 0.81 0.34 2341 0.9 0.24 1952

--- share rent out 0.01 0.07 2043 0.01 0.08 1969 0.02 0.12 2341 0 0.0m52

--- share fallow 0.03 0.11 2790 0.01 0.06 2043 0.010.07 1969 0.15 0.31 2341 0.07 0.2 1952

--- share other 0.22 0.24 2790 0 0.01 2043 0.01 7 0.01969 0.03 0.14 2341 0.02 0.14 1952
Acres cultivate 27 423 3094 192 173 2666 13.629.05 2339 4.31 7.93 2630 2.98 741 2135

--- share own 0.82 0.32 2810 0.79 0.39 2588 0.81 35 0. 2202 0.86 0.32 2409 0.79 0.34 2073

--- share rent/borrow 0.18 0.32 2810 0.21 0.39 2588 0.19 0.35 2202 0.14 0.32 2409 0.21 0.34 2073
Maize: acreage 049 1.83 2826 1.45 1.27 2567 2.2 13 4.2402 0.41 221 2075
Sorghum: acreage 0.37 1.12 2826 2.42 449 2127
Rice: acreage 0.03 0.23 2567 0.44 2.13 2402 0.03 0.21 2075
Millet: acreage 6.14 8.25 2127
Other grains: acreage 1.01 154 2826 0.03 0.24 2567 0.13 0.74 2127 0.39 245 2402 0.21 0.88 2075
Tubers: acreage 0.02 0.09 2826 0.04 0.31 2567 0.08.41 2127 0.57 2.11 2402 0.94 5.14 2075
Pulses/nuts: acreage 0.32 0.88 2826 0.22 051 25674.56 6.44 2127 0.49 5.18 2402 0.62 2.47 2075
Cash crops: acreage 0.24 0.79 2826 0.18 0.57 2567 00.06 2127 0.34 2.25 2402 0.23 1.47 2075
Other crops: acreage 0.23 055 2826 0.01 0.1 2567 0.37 1.85 2127 0.31 1.83 2402 0.61 3.29 2075

Notes: "Other" categories cover missing data from theesanlumn, e.g., "Other grains" in Tanzania incluslegum and millet acreage; sample limited to panekeholds



Table 2. Participation in land rental markets

Ethiopia* Malawi Niger Tanzania Uganda

N 3094 2666 2339 2630 2135
Household rents land out 6.1% 0.9% 1.2% 3.4% 0.4%
Household rents land in 19.5% 13.1% 7.3% 6.2% 18.1%
Household rents or borrows land in 30.3% 28.4% 7.7 23.2% 36.6%
Acres rented out (mean) 0.500 0.017 0.098 0.139 060.0
Acres rented out (sd) 1.344 0.219 1.028 1.774 0.121
Acres rented in (mean) 0.480 0.451 1912 0.444 10.55
Acres rented in (sd) 1.382 1.093 6.537 1.291 2.639

*Acres rented out is not identifiable in the ISAnEipia data; reported statistics are for "otheesusf land, which
appears to be an upper bound on land rentals

Table 3. Percent of agricultural households hitaigpr

Country Activity Number of households Percent hgrimorkers
Ethiopia Cultivation 3091 18.5%
Harvest 2666 20.9%
Overall 2666 30.2%
Malawi Non-harvest 2605 32.6%
Harvest 2605 16.0%
Overall 2605 42.0%
Niger Preparation 2339 19.5%
Cultivation 2339 37.4%
Harvest 2339 18.6%
Overall 2339 47.8%
Tanzania Planting 2630 18.5%
Weeding 2630 18.9%
Fertilizing 2630 2.6%
Harvest 2630 16.0%
Overall 2630 30.8%

Uganda Overall 2109 46.8%




Table 4. Summary statistics of variables used gnegsions

Ethiopia Malawi Niger* Tanzania Uganda

Log labor demand (person-days) 4.257 3.851 4.287 3324. 4.756
1.302 0.989 0.982 0.974 0.776
Log area (acres) 0.496 0.384 2.13 1.179 0.818
1.332 0.82 1.124 1.05 1.001
Log median wage (local curr.) 2.768 5563 6.998 27.8 8.761
1.083 0.539 0.443 0.489 0.649
Log HH size 1.157 0.862 1.029 1.033 1.229
0.457 0.454 0.46 0.498 0.571
Prime male share 0.326 0.408 0431 0.408 0.361
0.207 0.229 0.185 0.233 0.223
Prime female share 0.378 0.479 0.499 0.459 0.42
0.21 0.238 0.167 0.229 0.226
Elderly female share 0.136 0.071  0.027 0.078 0.124
0.204 0.206 0.111 0.192 0.208
N 2499 2556 2183 2346 2047

Notes: Authors' calculations from LSMS-ISA data sets
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Table 5. Regression results from parsimonious Qiegification

Ethiopia Malawi Niger Tanzania Uganda
Log area (acres) 0.489***  0.528***  0.343**  (0.444** (0.379***
(0.040) (0.048) (0.026) (0.027) (0.033)
Log median wage 0.036 -0.121** -0.155 -0.077 0.012
(0.051) (0.052) (0.107) (0.065) (0.043)
Log HH size 0.379***  0.399***  0.635**  (0.399***  (Q.ZA1***
(0.055) (0.061) (0.061) (0.043) (0.044)
Prime male share 0.446** 0.036 0.008 -0.085 0.223*
(0.186) (0.140) (0.198) (0.136) (0.128)
Prime female share 0.152 -0.068 -0.216 -0.147 0*314
(0.247) (0.132) (0.214) (0.140) (0.131)
Elderly female share -0.371** 0.108 -0.416 -0.249  .042
(0.171) (0.165) (0.286) (0.187) (0.166)
Constant 3.454**  3.993***  4,045**  4.056***  3.869*
(0.251) (0.283) (0.802) (0.516) (0.402)
R-squared 0.33 0.278 0.301 0.321 0.312
N 2499 2556 2183 2346 2047

Notes: Standard errors in parentheses; standard errcstechd at the level of the zone (Ethiopia), TA
(Malawi), grappe (Niger) or district (Tanzania dadanda); sampling weights used for all regressions;
dependent variable is the log of total labor demalefined as total person-days employed on alkplot
children under age 15 are counted as 0.5 adultgesialabor is excluded for ET, MW, NG, and TZ, but
included for UG because it cannot be separatetindigsished; population shares defined with respect
adults > age 14
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Table 6. Regression results from parsimonious Qiegification w/ location FE

Ethiopia Malawi Niger Tanzania Uganda
Log area (acres) 0.530***  0.447**  0.324**  0.421** (0.380***
(0.045) (0.045) (0.029) (0.029) (0.032)
Log HH size 0.377**  0.515***  0.609***  0.488*** (0.B7***
(0.045) (0.056) (0.070) (0.046) (0.039)
Prime male share 0.531*** 0.061 0.141 -0.078 0.238*
(0.138) (0.128) (0.195) (0.134) (0.137)
Prime female share 0.21 -0.069 -0.152 -0.124 0312*
(0.182) (0.129) (0.223) (0.137) (0.138)
Elderly female share -0.214 0.085 -0.480* -0.209  028.
(0.139) (0.166) (0.288) (0.192) (0.166)
Constant 3.230**  3.295***  4,052***  3.634**  3.019*
(0.132) (0.121) (0.221) (0.120) (0.127)
District/zone FE Yes Yes Yes Yes Yes
R-squared 0.47 0.415 0.5 0.44 0.42
N 2765 2556 2183 2364 2047

Notes. Standard errors in parentheses; standard errsteohd at the level of the zone (Ethiopia), TA
(Malawi), grappe (Niger) or district (Tanzania dadanda); sampling weights used for all regressions;
dependent variable is the log of total labor demalefined as total person-days employed on alkplot
children under age 15 are counted as 0.5 adultgesialabor is excluded for ET, MW, NG, and TZ, but
included for UG because it cannot be separatetindisished; population shares defined with respect
adults > age 14
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Table 7. Regression results with district FE anth band and labor endowments

Ethiopia  Malawi Niger Tanzania  Uganda
Log acres cultivated 0.529***  0.409*** 0.298** Q0MB*** (0.362***
(0.048) (0.049) (0.035) (0.034) (0.041)
Log HH size [A] 0.377** 0.519*** 0.602*** 0.488*** (.233***
(0.045) (0.056) (0.071) (0.046) (0.039)
Log acres owned [B] 0.001 0.039***  (0.024* 0.002 060
(0.016) (0.012) (0.013) (0.014) (0.015)
Prime male share 0.531*** 0.021 0.165 -0.077 0.241*
(0.138) (0.130) (0.193) (0.134) (0.136)
Prime female share 0.209 -0.107 -0.136 -0.123 0315
(0.183) (0.133) (0.222) (0.137) (0.139)
Elderly female share -0.214 0.053 -0.473 -0.209 28.0
(0.139) (0.168) (0.290) (0.192) (0.168)
Constant 3.231**  3.393*** 4.066*** 3.636*** 3.051**
(0.134) (0.125) (0.224) (0.121) (0.138)
District/zone FE Yes Yes Yes Yes Yes
F-test (joint sig of [A] & [B]) 35.08 45.56 42.12 654 18.38
R-squared 0.47 0.42 0.502 0.44 0.42
N 2765 2556 2183 2364 2047

Notes: Standard errors in parentheses; standaselustered at the level of the zone (Ethiopid),(Malawi),
grappe (Niger) or district (Tanzania and Ugandahsling weights used for all regressions; dependamable is
the log of total labor demand, defined as totaspe+days employed on all plots; children underHgare counted
as 0.5 adults; harvest labor is excluded for ET, NN, and TZ, but included for UG because it carbeot
separately distinguished; population shares defivifurespect to adults > age 14; for householdh wéro acres
owned, "Log acres owned" = In(0.01); F-test statistfor a test of the joint significance of "L&tH size" and "Log
acres owned"; all F-stats are signficant at the8 Gevel
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Table 8. Regressions results with controls for gemd household head

Ethiopia Malawi Niger Tanzania  Uganda
Log acres cultivated 0.530***  0.446***  (0.329***  Q2R*** (.380***
(0.045) (0.045) (0.029) (0.029) (0.033)
Log HH size 0.414*** 0.508***  0.673***  0.470*** (0.58***
(0.075) (0.073) (0.068) (0.056) (0.043)
Prime male share 0.548*** 0.068 0.147 -0.081 0.246*
(0.140) (0.130) (0.199) (0.139) (0.140)
Prime female share 0.211 0.005 -0.374 -0.114 02278*
(0.176) (0.157) (0.242) (0.171) (0.134)
Elderly female share -0.231 0.183 -0.838*** -0.193 -0.018
(0.140) (0.211) (0.310) (0.229) (0.160)
Head is female 0.117 -0.067 0.455** -0.047 0.086
(0.168) (0.131) (0.206) (0.123) (0.084)
Head is female x Log HH size -0.225 0.001 -0.408** 0.067 -0.061
(0.137) (0.129) (0.165) (0.104) (0.058)
Constant 3.200***  3.269***  4.090***  3.645**  3.000**
(0.150) (0.130) (0.231) (0.126) (0.131)
R-squared 0.471 0.416 0.503 0.44 0.42
N 2765 2556 2183 2364 2047

St. errors clustered at EA level;, sample weigheslus
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Table 9. Log household size across agro-ecologmads

Warm/  Warm/ Warm/ Warm/ Cool/ Cool/ Cool/l  Cool/
arid semi- sub-  humid arid semi- sub-  humid
arid humid arid humid
Ethiopia Count 34 133 101 7 1 868 1102 511
Log HHS (mean) 1.28 1.11 1.10 0.97 0.69 1.17 119 151.
Log HHS (sd) 0.41 0.48 0.48 0.49 0.46 0.44 0.47
Malawi  Count 1191 789 271 305
Log HHS (mean) 0.85 0.85 0.88 0.94
Log HHS (sd) 0.45 0.46 0.43 0.47
Niger Count 416 1767
Log HHS (mean) 0.94 1.05
Log HHS (sd) 0.42 0.47
Tanzania Count 168 1355 28 88 658 45
Log HHS (mean) 0.94 1.04 0.96 1.04 1.04 1.05
Log HHS (sd) 0.47 0.50 0.51 0.55 0.48 0.42
Uganda Count 62 1064 321 567
Log HHS (mean) 1.21 1.25 1.22 1.20
0.52 0.57 0.55 0.59

Log HHS (sd)
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Table 10. Regression results with agro-ecologioaks

Ethiopia  Malawi Niger Tanzania  Uganda
Log acres cultivated 0.488** 0.528** (0.336*** 0.439*** (.381***
(0.041) (0.048) (0.026) (0.027) (0.033)
Log median wage 0.01 -0.124*  -0.212* -0.094 -0.002
(0.060) (0.055) (0.112) (0.067) (0.044)
Log HH size 0.357*** (0.355** (0.659**  (0.272%* (0.25***
(0.072) (0.088) (0.065) (0.065) (0.058)
AEZT, W, A -0.366 0.395**
(0.366) (0.156)
AEZ T, W, A x Log HH size -0.276 -0.104
(0.183) (0.108)
AEZT, W, S-A -0.736* -0.407**
(0.381) (0.162)
AEZ T, W, S-A x Log HH size 0.348 0.229*
(0.320) (0.123)
AEZT,W, H -0.953 -0.751%*
(0.653) (0.158)
AEZ T, W, H x Log HH size 0.034 0.561***
(0.347) (0.124)
AEZ T, W, S-H -0.049 0.258
(0.102) (0.172)
AEZ T, W, S-H x Log HH size 0.064 -0.039
(0.112) (0.131)
AEZT,C,A 0.024
(0.183)
AEZ T, C, A x Log HH size 0.06
(0.133)
AEZT,C, S-A -0.078 -0.487*
(0.146) (0.234)
AEZ T, C, S-A x Log HH size 0.123 0.436***
(0.128) (0.133)
AEZT,C,H -0.17 -0.738** 0.069
(0.191) (0.325) (0.114)
AEZ T, C, H x Log HH size -0.08 0.657*** 0.004
(0.105) (0.177) (0.083)
AEZT,C, S-H -0.153 -0.388*** 0.007
(0.135) (0.115) (0.106)
AEZT, C, S-H x Log HH size 0.111 0.180* -0.076
(0.130) (0.101) (0.077)
R-squared 0.348 0.278 0.308 0.337 0.319
N 2499 2556 2183 2346 2047

St. errors clustered at EA level; sample weighedufor agro-ecological zones, T="Tropics", W="Wd&rm
C="Cool", A="Arid", S-A="Semiarid", H="Humid", S-H:Subhumid"; most common AEZ is omitted in each
regression, which is: TCS-H for Ethiopia, TWS-A falawi, TWS-A for Niger, TWS-H for Tanzania, TWH
for Uganda; all regressions control for share in ptpulation of prime age males, prime age femaled,

elderly females.



