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Chapter 1 shows the implications of credit and faimarket imperfections on
gender differences in agricultural labor produdyiviespecially highlighting how both
imperfections negatively affect female productivlly discouraging off-farm income
generating activities and restricting access taiisipThe paper theoretically models the
relationship between gender differences in aguicalt labor productivity and market
imperfections and it provides empirical evidencasistent with our theoretical model by
decomposing the contribution of different factoossuich gender differences. We find
that agricultural labor productivity is on aveeady} percent lower on plots belonging to
female-headed households than on those belongintate-headed households; and that
34 percent of the agricultural labor productivigpgs explained by spillovers from labor
market gender differences and 30 percent is exguldnty gender differences in the use of

purchased inputs.

Chapter 2 provides a decomposition analysis efaiserved reductions in sulfur

dioxide, nitrogen dioxide and ozone concentrationsthe twelve richest European



countries. It quantifies the proportion of the retilons that can be attributed to fiscal

policies, trade, and energy taxes. We find thateiasing the share of fiscal spending in
GDP and shifting the emphasis towards spendingubligp goods and against non-social
subsidies significantly lower the concentrationssoffur dioxide and ozone but not

nitrogen dioxide. At the same time, energy taxekice nitrogen dioxide concentrations
but have no effect on ozone and sulfur dioxidealyrntrade openness has a direct effect
on sulfur dioxide but no effect on nitrogen dioxideozone. Our estimates account for

time-varying unobserved heterogeneity.

Chapter 3 is the first paper that uses the naliprrepresentative Malawi
2009/2010 dataset. Its purpose is the initial stiatil verification of the obtained data and
provides a first assessment of agricultural prasitgtand gender in Malawi. We find
that while female-managed plots are, on averagge2éent less productive, 82 percent
of this mean differential is explained by differescin inputs, assets and household
characteristics, mainly due to high-value cropicatton and household adult male labor

inputs.
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Market Imperfections and Gender Differences in Agrcultural

Productivity in Malawi

By: Amparo Palacios-Lépez

1 Introduction

Two key features are prevalent in the Agricultwgettor in Sub-Saharan Africa.
The first one is the dominance of female labor gnaulture and the second one is the
existence of a gender gap in agricultural proditgtii he feminization of agriculture is
evident in Sub-Saharan Africa, where women maka hjgher proportion of agricultural
labor than males, potentially ranging from 30 topg®cent (UNECA 1982, FAO 1984,
Doss 2011, Doss et al. 2011). Nevertheless, labaditons in the rural sector are
disadvantageous for women. The presence of geriffieredces in the rural sector is not
surprising in the context of Malawi. In a 2004 syyvrural wages were 35% lower for
females than males. Furthermore, around 89% of @edlwomen are engaged in part
time off-farm activities, in contrast to 67% for lmaWomen participating in rural wage
employment tended to be concentrated in lower akiilvities- about 61.4 % - in contrast

to the corresponding figure of 37% for males.

The gender differentials in agricultural produdivrange from 4 to 40 percent
conditional on the country, the representativertgsthe data, the type of crop, and the
composition of households among other variablesréstk, 2005; Alene et al., 2008;

1



Gilbert et al., 2002; Goldstein and Udry, 2008; Mkdl976; Peterman et al., 2011,
Oladeebo and Fajuyigbe, 2007; Quisumbing et aD128aito et al., 1994; Tiruneh et al.,
2001; Udry, 1996; Vargas Hill and Vigneri, 201T)he disparity of large participation of

women in agriculture, and the significant gendgy gaagricultural productivity are the

prime motivations for this study. The implications both characteristics are that the
agricultural sector may lag behind its potentialamrms of productivity, and that a gender
dimension exists within the issue at hand. Thusisiimportant to understand the
underlying reasons behind the differences in afitical productivity between female and
male farmers.

Several key reasons for the observed gender gagricultural productivity have
been identified in the literature: gender differeman (i) access and use of agricultural
inputs, (ii) tenure security and related investrasent land and improved technologies,
(i) market and credit access, (iv) human and pascapital, and (v) informal and
institutional constraints affecting farm/plot maeagent and marketing of agricultural
produce (Peterman et al. 2011). Cultural roles #ratassigned to males and females
regarding domestic duties as well as other factbe may underlie the gender
segregation in crop production (i.e. staple vshaasp cultivation, high-yielding vs. low-
yielding variety cultivation, etc.) could be thougif as informal institutional constraints.
However, the relationship between labor marketrargnation and the observed gender

gap in agricultural productivity has received éttttention in the literature.

This study focuses on gender differences in agticail labor productivity. This is

an important deviation from the prevalent literattinat concentrates on agricultural land



productivity. The principal asset of the poor igitHabor power, and a disproportionate
number of poor households are headed by wonizirect increases in labor productivity
as well as labor opportunities raise the incomeiagr capacity which is particularly

important for female-headed households.

The literature has acknowledged the presence ofipteulmarket failures in
agriculture especially in the labor market. Labap@y behavior is affected by risk,
search and transaction costs, locational prefesgngender preferences, and gender
discrimination (Barret, 1996; Biswanger and Rosexigw1986). This drives a wedge
between the marginal product of labor and the pliegamarket wage rate for the same
type of labor (Barret et al. 2008). The labor albans resulting from this deviation from
the equilibrium condition may be welfare-maximizintpus individuals may still be
optimizing their allocation of labor. As an impartecontribution of this paper we show
that the wedge between the marginal product ofrlabd the prevailing market wage rate
varies by gender and is generally larger for wonVga.argue that this may be explained

by market imperfections.

The literature on gender discrimination has typycdbllowed one of two
avenues. One explores labor market discriminationterms of wages in off-farm
activities (O’Neill & O’Neill, 2006, Fortin, 2006)The other explores gender differences
in the agricultural sector with a focus on issuelated to inputs, credit access, market

access, and cultural constraints (Peterman etCdl0)2 Our study contributes to the

! In 2004/05 nationally representative householdeypf Malawi, 78 percent of rural households were
poor, 25 percent of these poor households wereléeheaded.
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literature by both exploring the effects of gendescrimination in the labor market on
agricultural productivity, and by analyzing the ilcptions for the agricultural

productivity gender gap.

This is one of the first studies to both theordtycand empirically decompose the
sources of gender differencesagricultural labor productivityand relate them to credit
and labor market imperfections. There are sevexglikplications. Credit markets may
treat women and men differently in a discriminatéaghion which causes women to
have less access to purchased inputs (FAO 201abprlmarket imperfections result in
women receiving lower wages from off-farm activstithan men (FAO 2011b, Hertz et
al. 2009, Doss 2011, Doss et al. 2011). This spilsr to agricultural labor productivity
causing women to work less in off-farm activitiesdamore on the farm than men
therefore creating productivity differentials. Fhetmore the additional off-farm time
burden due to engagement in off-farm work is higleerwomen than men due to the
burden of domestic activities women face which léadc greater allocation of female
labor towards on-farm work causing their agricudtuabor productivity to be lower than
men’s. In addition, differences in the householasset endowment and human capital

may be the result of the long term effects of smelket imperfections.

The theoretical model of household farm produgtivit this study deviates from
the literature in a couple of ways. It examinesadtural labor productivity subject to
the head-of-household’s gender and traces theteféédabor market imperfections and

credit market constraints on productivity. The mtdaclusion of gender specific off-



farm time burden due to engagement in off-farmvéces borrows from studies by
Lépez (1984, 1986) who examines how time allocabhetween on-farm and off-farm
work has different connotations on utility as a $®gquence of commuting time required
by off-farm work. He shows how the consideratiorcommuting time leads to a model
in which the household acts as having differenfguemces between on-farm and off-
farm work, even if preferences are defined puralyerms of leisure. In this setting the
optimization problem of the household becomes repasable and thus the production
decisions would be directly linked to the housellcharacteristics and consumption
decisions. Our theoretical set up models househ@firences as additive and increasing
in the present value of earnings and leisure (Emwand Kotwal, 1986). Our model
predicts that the gender specific off-farm time damr due to engagement in off-farm
activities leads to labor productivity differendestween men and women, with women

as heads of household devoting a higher propodidheir time to agricultural activities.

Predictions derived from the model are empiricdlliystrated using nationally
representative data from Malawi. We explore gerdiferences in productivity at the
plot level. We specifically compare female managkxds to male managed plots, noting
that the respective managers are also heads ohieseholds. 23 percent of the plots in
the sample are managed by female heads of housdhisldmportant to note that female
heads of household include mostly divorced, sepdratingle, or never married women.
Altogether this represents 86 percent of the ferhabds of household in the sample. The
remaining 13 percent of female heads of househelanarried. Thus our examination of

gender differences mostly pertains to female heddedeholds in which a male spouse



is absent. Therefore the ensuing results may no¢ssarily apply to the case of female

plot managers which live with their spouses.

The implemented econometric approach adapts angmition method from
labor economics, most notably in the analyses efginder wage gap, union wage gap,
and growing wage inequality (Oaxaca, 1973 and Blind973). Our study specifically
decomposes the average differences in agricultai@dr productivity between plots
belonging to male-headed households and those gietpio female-headed households
into four effects: (i)labor market effect, (i) purchased inputs effgat) endowment
effect, and (iv) pure marginal productivity effesthich is the gender differences in

coefficients of the various factors of productiorddousehold characteristics.

The labor market effect refers to the portion @& #ygricultural labor productivity
gender gap that is driven by gender differenceshen number of hours the manager
works on the plot. This effect may in part reflebe direct impact of labor market
imperfections that affect men’s and women’s allmeatof labor between on-farm and
off-farm work differently, with men allocating motane to off-farm work than women.
The purchased inputs effect refers to the portibnthe gap explained by gender
differences in the use of purchased inputs, sucleréifizer, pesticides, hired labor and
agricultural implements; this may reflect the dirempact of credit constraints on
agricultural productivity, which affects men and men differently, limiting further the
capacity of women to buy agricultural inputs in garson to men. The purchased inputs

effect may also capture the indirect effect ofld®r market imperfections, by capturing



the degree in which the credit constraint is radwhrough off-farm income. The
endowment effect includes gender differences inskbald characteristics and assets
owned by the household; this effect may in partec¢fthe long term impact of labor
market imperfections and credit market constraititgt limit the capacity of
accumulation of human and physical capital and i@y affect women more than men.
If in fact the endowment effect is proven to bengfigant, this would be a manifestation
of the non-separability nature of a household’'sisiecs, thus production decisions
become directly linked to the household’'s charasties and consumption decisions.
Finally, the pure marginal productivity effect iket portion of the agricultural labor
productivity gender gap that is driven by gendéfedences in the set of coefficients of
all the covariates included in the regressions #ifect may also encompass the long
term effects of labor and credit market constraorisagricultural production as well as
cultural and institutional constraints that may erie¢ gender segregation in crop

production.

Four key results can be derived from our study.stFilagricultural labor
productivity is on average 44 percent lower on Plbelonging to female-headed
households fémale ploty than on those belonging to male-headed householdse
plots) Second, 34 percent of the agricultural labor pobigity gap is explained by
spillovers from labor market gender differences &Qdpercent is explained by gender
differences in the use of purchased inputs. Thiod, average, agricultural land
productivity on female plots in Malawi is 25 pertéower than on male plots. Fourth,

when analyzing the gender gap at different deafe$e agricultural labor productivity,



it can be observed that the gender gap increasessathe distribution, reaching a

maximum value of 54 percent at thé™@ercentile of the labor productivity distribution.

The rest of the paper is structured as follows.ti8e2 presents a theoretical
model that aims to explain the gender differencesagricultural productivity in
developing countries. Section 3 explains the ggsatesed to empirically verify the
model’s predictions and presents the mean decotmposnethodology used. Section 4
describes the data and Section 5 shows the decdropagsults. In section 6 we present
the sensitivity analysis and Section 7 offers codiclg remarks and expands on the

policy implications of our findings.

2 Theoretical Model

Farmers in developing countries face budget andkimp capital constraints.
Given that they experience limited access to creéddy can alleviate credit constraints
by generating income from off-farm labor activiti@e labor allocation across on-farm
and off-farm work, as well as the type and quantitynon-labor agricultural inputs
chosen, are central to the productivity of the favite develop a model that characterizes
the decisions made by different households takmg account the constraints faced a
priori (choice of labor, on-farm or off-farm), wincin turn affect the allocations of
resources ex post (labor and non-labor inputs usethe farm and consumption
decisions). We assume the presence of credit méaiketes, as well as the existence of

gender specific off-farm time burden and gendeebtaifferential treatment in the labor



market that determine the allocation of labor asrs-farm and off-farm work. That is,
given the presence of credit constraints for exatple decisions made by the household
will differ depending on its composition and/or the opportunities available to men and
women, implying that choices made by a female-hedubeisehold will be different from

the choices made by a male-headed household.

2.1 Household Welfare Maximization

We posit that all households have the same prefese We assume the utility
function is additive and increasing in the presesilue of earningsY) and leisure I}

(Eswaran and Kotwal, 1986).

U(Y, 1;Z,) = Y+ ) (1)

whereZ,, is a vector of exogenous household characteristics

The household allocates its time endowmeét} hetween leisurel), on-farm
labor (), and off-farm laborl{;). We model the existence of a gender specific-fafin
time burden” due to engagement in off-farm actbati(Lopez, 1984, 1986) which is
determined by the structure of the household. ‘f@ffa time burden” as defined here
includes commuting time as well as actual off-fawork time. The intuition is as
follows. An increase in off-farm time is not simpan equivalent subtraction of hours
spent on farm work or leisure. There is an addstidime cost incurred due to several

reasons. For instance households may have toth#grschedule to accommodate off-



farm work. This cost of re-organization of actiggimay increase with every increase in
time spent in off-farm activities. Furthermore, rdnenay be synergies between on-farm
work and household work including child bearingu$ha reduction in time allocated to
the farm may incur an additional cost increasinthveivery additional unit of time spent
in off-farm work. Importantly such off-farm time kbilen may vary by gender. Female
headed-households may face higher commuting tinrdebudue to household care
responsibilities that are culturally assigned tanea (child care, cooking, getting water,

etc.).

Given the above considerations, and contrary tostaadard practice, we may

regard the time constraint faced by the househaddson-additive as follows:

H=Il+L, +g(L,) (2)

where g(L,) is “off-farm time burden” and is equal ter, + 4 L, .

The gender specific off-farm time burden has twoapeeters,o, a fixed time
incurred when the household participates in offAfaactivities, which is the same for
both male and female headed households amdthat represents the portion that is
determined by the degree of household care aetvitt, is greater than or equal to 1,

with 1 implying that the household has lower howselltare responsibilities. We assume

that the gender specific off-farm time burden doeehgagement in off-farm work is
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higher for female heads of household thifs> " , with F and M denoting female- and

male-headed households respectively.

The production process requires the use of twalsbgiinputs: laborlf) and non-
labor inputs (X). Non-labor inputs include inputsck as inorganic fertilizer, improved
seeds, and traditional seeds. For simplicity weurass that the farmer uses only

household labor. The production function is presers follows:f (X,L,;Z .,) where

prod

Z . is avector of exogenous farm characteristics.

prod

We define net income as equal to the sum of reveffoen all sources minus

household expenditures:

YZ\N*( L0)+ pf( X Lf1 %rod)_ X (3)

wherew is the wage received in off-farm activitigsis the price of non-labor inpu,

andp is the price of output. All prices are exogenous.
In addition, we assume that the household facesokimg capital (liquidity)
constraint where the inputs purchased are lessahaqual to the amount borrowed plus

the income from off-farm activities. The implicgsumption behind this constraint is that

all expenses are incurred at the beginning of tbdyxtion period.

r*X <B+wl, (4)
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Thus a household maximizes its utility by allocgtiabor between on-farm, off-
farm work, and deciding how much non-labor inpueythwill use by solving the

following maximization problem:

maXV:W*(L0)+ pf(x’ Lf;zprod)_ X* L( H- Lf_(ao-'_al I'U)) (5)

LouLy X

Subject to

r*X<B+wl,

From the optimization problem above, we obtainftiewing Lagrangean:

MaxV = w*(L)+ PF(X, L i Zyag)= X* 1 U H= L= (g L)+ ( Br wh— X )
(5a)

wherey is the shadow price of the working capital constrai

Monotonicity of the utility function implies thathé working capital constraint

will be binding.

The First Order Conditions (FOC) are:
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oV

a—LO=W—U|0{1+WWSO (6a)
oV
—=-U, +pf <0 6b
o Ui, (6b)
oV
—=pf,—-r—-yr<0 6C
x - Ph 4 (6c)
N _B+wl, - rX<0 (6d)
oy

where U, denotes marginal utility of leisure and, and f_ denote the marginal

productivity of input X and on-farm labor respeetiy.

2.2 Implications for Labor Allocation

Under standard competitive capital and labor markeéte gender specific off-
farm time burden due to engagement in off-farm wawks not affect the labor allocation
decisions of the household, and thus the modetparable. Therefore, the household’s
production decisions are independent from its comgion decisions and its
composition. From the FOC, under competitive capitel labor markets, the household
would follow the standard allocative efficiency euto allocate labor between on-farm
and off-farm work, and household characteristic wot play any role in the labor
supply of the household. Thus, the household viiidicate labor according to (from 6a

and 6b):
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W= prf (7)

We now assume that the wage paid for off-farm &t is different for men and
women, thusw™ = W(1-¢), where ¢ represents the differential treatment of the labor

market towards men and women and takes values betvand 1, with O representing a
non-discriminatory labor market and 1 representangdiscriminatory market. We
speculate that the difference in wages reflectsestype of discrimination which results

in fewer opportunities for women than for men ie tff-farm labor market.

Additionally, the shadow price of the working capitonstrainty/ (Z,,) is a

function of the household characteristics; henagilitbe different for male and female
headed households. Given that the working capibalsitaint might be binding, the
existence of gender differences in wages and tinelegespecific off-farm time burden
due to engagement in off-farm work, the househadltallocate labor between on-farm

and off-farm work as follows (from 6a and 6b):

Male headed households:

W(l+y (Zy))

o = prl\f/I (8)

Female headed households:

W(l- )Lty (Z5))

2%)

pf.. 9)
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Consequently, the household will allocate laboramsg off-farm work until the
net benefit from off-farm work is equal to the menefit from on-farm work. Allocation

of labor towards off-farm work will alleviate theorking capital constraint, which can be
shown through the effect dfl+1/) on equation (8). The value of every hour worked in

off-farm activities not only provides income butsal relieves the working capital
constraint. The marginal productivity of labor is andogenous function of household
characteristics, preferences, assets and laboremdr&crimination. In this setting the

model becomes non-separable.

Equations (8) and (9) show us that the allocatibriabor in female-headed
households tends to be towards farm activities iteedpwer farm labor productivity of

women compared to men.

The level of input X used also depends on the aegfethe household’s credit
constraint. From (6¢) we know that the more coms#ichthe households are the less they

will invest in X:

r(l+y) = pfy (10)

The total effect ofe; on agricultural labor productivity is ambiguousri labor
has a positive relationship withy,. Less labor is allocated to off-farm work as

increases. On the other hand the use of non-laiparts decreases witty because less
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off-farm income is received, thus the working capdonstraint is exacerbated. The total
effect of o, on agricultural labor productivity depends on whagricultural input (labor

or non-labor) has a higher impact. The discriminatffect due to differential treatment

toward women in the labor market has also a negatifect on off-farm labor. The total

effect of o and labor market discrimination will cause femlaésaded households to

allocate more time to on-farm work when comparethtde-headed households. To sum
up, the key mechanism is that fewer off-farm oppoittes for women due to gender
specific off-farm time burden as well as labor neriliscrimination leads to lower off-
farm income, essentially exacerbating any pre-gxjstiquidity constraints faced by
female-headed households. The end result is femateaged plots are quite likely to

have fewer non-labor inputs, ultimately reducingitiproductivity.

2.3 The Gender Gap

Dividing (8) over (9) we obtain a measure of diffieces in labor agricultural

productivity (gender gap in agricultural labor puativity):

W of @)
fLFf o (1-¢) Q+y @)

labor market effediquidity constraint effec

(11)

where fL'\f’I and fo are the marginal productivity of labor in male-dafemale-headed

households respectively.
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The total labor market effect (gender discriminatamd the gender specific off-
farm time burden) has a positive effect on the gendap in agricultural labor
productivity. The first term in equation (11) isambiguously greater than 1 given that

af >a)", and0< ¢ <1 which implies that male agricultural labor produity is higher

than that of female-headed households. Female-telaoleseholds will still remain in
farm activities even when the return is lower thtae return in alternative off-farm
activities. This is because they have to accounspecific household labor activities they
are required to fulfill, and for the differentialeatment with regards to off-farm labor

opportunities.

The second term in equation (11) reflects the efbédiquidity constraints on the
gender gap in agricultural labor productivity, whics ambiguous. The difference in
response to liquidity constraints may be differdot male- and female-headed
households, but the direction of the total effernhains an empirical question. Higher
liquidity constraints increase the value of working off-farm activities, thus might
encourage the allocation of labor allocation infaffin work. We can assume that the
effect of the liquidity constraint does not compatesthe effect of the labor market (if
both effects have opposite signs), in which casalerheaded households will have

higher productivity than female headed househahdstae gender gap will be positive.

2.4 Propositions

The following two propositions summarize the maiadictions of the theoretical model
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(i) Higher gender specific off-farm time burden dueetggyagement in off-farm
work and labor market discrimination in capital strained households lead
to higher availability of on-farm labor and loweradiability of off-farm labor
and therefore less off-farm labor incomedecrease in off-farm labor income
reduces liquidity that might be used to buy nomlamputs. This reduced
liquidity effect may cause greater need for craditch in the context of credit
market imperfections imply a larger negative impatisuch imperfections.
Labor market restrictions may exacerbate the effectof credit market
imperfections, in agricultural households, reducingoff-farm labor and

income and thus the access to non-labor inputs

(ii) Female headed households have fewer opportunitiestftaining off-farm
income and thus will have lower access to non-labputs and therefore

lower agricultural labor productivity.

3 Empirical Analysis

The econometric approach we use has been utilizkdor economics as part of
the analyses of the gender wage gap, union wage ayap growing wage inequality
(O’Neill & O’Neill, 2006, Fortin, 2006). We use thmmean decomposition methodology
to look at the differences in agricultural produityi for male- and female-headed

households. The proceeding subsections will prodtails of the methodology.
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Regression-based decomposition methods have beeéelywitilized in labor
economics following the seminal papers of Oaxa@d8) and Blinder (1973). Extensive
use of Oaxaca-Blinder regression-based mean de®tignoamong applied economists
over time extended its application to the decompmsiof distributional statistics. It is,
however, acknowledged that the questions attemfuelde addressed by this method
require a strong set of assumptions (Fortin et.28l11). We return to these assumptions

after describing the decomposition.

Decomposition methods follow a partial equilibritapproach, where observed
outcomes for one group can be used to construaiusacounterfactual scenarios for the
other group (Fortin et. al., 2011). Another chaesstic is that while decompositions are
useful for quantifying, purely in an accounting senthe contribution of various factors
to a difference in an outcome across groups oraamg@d in an outcome for a particular
group over time, they are based on correlations, la@nce cannot be interpreted as
estimates of underlying causal parameters (Fottialg 2011). However, decomposition
methods do document the relative quantitative ingmme of factors in explaining an
observed gap, thus suggesting priorities for furthealysis and, ultimately, policy

interventions (Fortin et. al., 2011).

We regress Y, the log of value of output per hect&and productivity) for male-

(M) and female- (F) headed household plots, ordé@germinants as expressed by the

following equations:
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YM =B+ LB Y XS+ 2SN e (12a)
k j

Y=+ EBE+ ) X B+, Z 6] +&F (12b)
k j

where L is the number of hours of managerial labor per drectX is a vector of k
purchased inputs (pesticides, organic and inorgéeniilizer, hired labor, agricultural
implements, improved seeds]; is a vector of characteristics of the householat th
includes human and physical capital (wealth, larsdets, household composition,
location of the household and location of the platcess to off-farm income and
transfers);fo, AL, Pk o are the associated vector of intercept and slagdficients for
male and female headed households; amlthe error term under the assumption that
E") = E€") = 0. The decomposition of the gender gap incadjtiral land productivity

is presented in Appendix A.

3.1 Mean Decomposition Of Labor Productivity

We use the resulting vector of coefficients frora tand productivity regressions
indicated in equations (12a) and (12b) to createeasure of labor productivity (value of
output per hour of managerial labor). We create suess of labor productivity in

logarithm form by subtracting labor from land protuity
Y
In(t) =In(Y/ha-In( L/ hg.

We use equations (12a) and (12b) and subkrém both sides of the equation.
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E(YV)- B ) =4"+ BU)A"+ X B XA+ B Z)s5)' - L) (13a)

EV)-EHE)=5 + ROBI+D B XS+ BZ)57 - B D (13b)

Thegender gapn labor productivity D, ” is expressed as the mean outcome difference:
D =[E(Y")- EL)]-[ §Y)- E D] (14)

Substituting (13a) and (13b) into (14) and addimgl subtractinge(L")A,

S E(XM)BEand D E(Z)")s , we decompose the gender gap in labor productivity
k j

into the following four components:

D=[E(L") - E(ON(BL -+ D TE X - B X)L +2] EZ) - EDIof+

labor market effect

purchased inputs effect household endowment effect

E(LIBY =B+ 2 BOXDIA = B +( 5" = Bo) + 2 B Z0 )" - 5/]

pure marginal productivity effect

(15)

In practice, we estimate equation (12a) and (12mguthe value of output per
hectare as the outcome variable. We use the megultector of coefficients, in
combination with the mean values for each covamédtihe male and female samples to

compute the components of equation (15).
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The difference between the decomposition of thedgemap in terms of land

productivity (Appendix A) and labor productivity ikat the disparity in hours worked by
men and women is weighted I§y3" —1), which is the measure of the elasticity of labor

in female plots. Hence, in this case, the fact w@hen work more than men exacerbates
the average labor productivity gap between menvamaien. In contrast, the increase in
on-farm work by women relative to men actually aases land productivity albeit in an

inefficient way.

The first component of equation (15) is thbor market effegti.e. the portion of
the gender gap driven by differences in quantibielabor allocated to on-farm work by
the head of household. The second component igutehased inputs effedhe portion
of the gender gap that is explained by differenedsvels of use of inputs that have to be
bought such as fertilizer, pesticides, seeds, adwi@l implements, and/or hired labor.
The third component, theousehold endowment effast comprised by differences in
levels of observable characteristics of the houskhiacluding human and physical
capital. The fourth component is thare marginalproductivity effecend corresponds to
the portion of the gender gap explained by diffeemnin the coefficients of each
observable covariate included in L and in ¥@ndZ vectors; as well as differences in

the constant between male- and female-headed haldseh

The graphical representation of the gender gapnd knd labor productivity and

their respective components is presented in Figuré presents the value of output per
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hectare Y=y/ha at each level of managerial labor hours per mecfa=l/ha). Curve

Female Endowment

- ( Male Endowment
Female Purchased Inputs

F
Male Purchased Inputs) and curver (

) are derived from the male and

Female Endowment

female regressions respectively. Curwfe(Male Purchased Inputs

) is derived using the

coefficients from the female regression and theenwmlerage value of the variables
included in the purchased inputs vector; this cuegresents the level of agricultural
productivity that a female-headed household woudstehif it had the same level of

purchased inputs as a male-headed household, bufethale level of endowment.

Male Endowment

— -
Slmllarly’ curvey (Male Purchased Inputs

) is derived using the coefficients of the female

regressions and the male average level of thehblagancluded in the endowment and
purchased inputs vectors* andL" are the observed average levels of manageriat labo

for the male and female samples respectively.

Point A is the observed average male land prodiygtiand point D is the
observed average female land productivity. Poirg te productivity that women would
get if they would work the same number of hoursnasn. Point C is the land
productivity that women would get if they had ot same level of purchased inputs as
men, but the female endowment and would work thmesaumber of hours as men,
while point B is the land productivity that womerowd attain if they had access to the
same level of endowment and purchased inputs amkieddhe same number of hours as

men.

The observed gender gap in land productivity isabtuithe distance betweer'Y

and Y° and can be decomposed into the four componersemied in equation (A.4): the
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pure marginal productivity effect is the distance ¥?®, the endowment effect®¢Y©, the
purchased inputs effect ¥¥F and the labor effect %¥YP. In the context of land
productivity, the fact that women work more hours average than their male
counterparts has the effect of reducing the gemdgr, counteracting the purchased

inputs, endowment and pure marginal productivifgas.

The average labor productivity is obtained by dmidY over L (%) which is

equal to the slope of a straight line from the iorig any point on the land productivity
curve.
YA YP

The observed gender gap in labor productivity isaédgo D" = — — — which

I

is decomposed into the four components of equdtibj the pure marginal productivity

YA yE Y®oYe
effect is equal to—-—-, the endowment effect is.————, the purchased inputs
" L " L

YC E YE YD
effect o and the labor effect iSLT_?' For comparison purposes, it is

important to note that the average productivitirs equal to the average productivity in
D*. The labor effect is positive unlike the labdfeet in the decomposition of the land

productivity. In the case of labor productivityetlabor effect amplifies the gender gap.

This is consistent with the theoretical model whpeedicts that the gender gap in
labor productivity will be larger than the gendepgn land productivity given that the

labor market imperfections spillovers increase délecation of labor to the farm. As
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discussed earlier, this increases production imafficient way. Figure 1 illustrates this

prediction.

We attempt to use equation (15) to decompose thdegeyap in agricultural labor
productivity and relate it to the components pnése in equation (11): (i) the labor
market effect may in part reflect the direct effettlabor market imperfections over
agricultural production, (ii) the purchased inpatiect may represent the direct effect of
liquidity constraints over agricultural producti@s well as the indirect effect of labor
market imperfections, (iii) the endowment effectynraflect the long term effects of
credit and labor market imperfections that affiedn and women differently and that
limit the capacity to accumulate physical and humapital over time, effect that may
limit women more than men; and (iv) the pure maagirproductivity effect may also
represent the long term impact of credit and labarket imperfections as well as gender
differences in the way households make decisiong @ institutional and cultural
constraints that define the roles of males and fesneegarding domestic duties and

gender segregation in crop production.

3.2 Empirical Issues

The decomposition methods described above are @ty under certain
assumptions. Fortin et al. (2011) present a detaiteount of the assumptions required to
estimate the population parameters of interest. Tmial assumptions for the validity

of aggregate decomposition are (i) overlapping stpgnd (ii) ignorability.
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The overlapping support assumption rules out caskesre observable and
unobservable covariates may be different acrossvibegroups. Hence “overlap” refers
to the similarity of the covariate distributions lmfth subpopulations. It implies that no
single value of the covariateX,(Z, L)attain specific valuesX(= x, Z=z, L=l)ore = e

exists to identify female plot management.

Ignorability refers to the random assignment of female plot mement
conditional on observable attributes. Specificallg worry that our male and female
managed plots may not be randomly assigned. Igiidyadllows us to assume that we
have enough controls and thus, conditional onetlvesitrols, our assignment of female
plot management is essentially randomized. kswut what we typically call “self-
selection” based on unobservables. The additiosaérdial assumptions required by
detailed decomposition of the individual contriloutiof each covariate include additive
linearity and zero conditional mean. The latter liegp thate is independent of the
explanatory variables. In other words, we assuma there is no unobservable
heterogeneity that jointly determines the outcomeé abservable attributes. The former

assumes a linear functional form.

In exploring the existence and extent of the gengap in a multivariate
framework, the validity of findings largely depenais the plausibility of the ignorability
and zero conditional mean assumptions, i.e. thenéxb which the estimation strategy
addresses possible unobservable household-/plett-ldweterogeneity that jointly

determines plot agricultural productivity and olvsdrle covariates, including whether a
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plot belongs to a household headed by a femalele/ite most rigorous studies on the
gender gap recognize the need for an instrumerdabble strategy to deal with
potentially endogenous observables, recoveringrumsintal variables that predict
endogenous covariates without directly influendimg outcome is often not possible. We
attempt to lend as much support to the assumptafneverlapping support, ignorability,
and zero conditional mean as possible by applymey ddded control approach and
checking whether the estimations are robust tomga@f sample alteration in order to see
if the coefficients of interest change due to oedittvariable bias. These sensitivity

analyses are presented later in Section 6.

Additionally, we consider the possibility of reser causality. This is less of a
concern for inputs as it is widely accepted inlttexature that agricultural inputs may be
regarded as predetermined vis-a-vis the level dpuwiu(Griliches, 1963; Dinar et al.,
2007). This is due to the fact that agriculturadarction takes time to be completed and
inputs are applied at the beginning of the seasbilewhe corresponding output is
harvested at the end. It seems reasonable to agbaiihere is no correlation between

the stochastic error and the predetermined inputs.

4 Data

This study uses data from the Third Integrated ldbakl Survey (IHS3),
collected from March 2010 to March 2011 by the Mal&lational Statistical Office,
with support from the World Bank Living Standarde&$urement Study - Integrated

Surveys on Agriculture (LSMS-ISA) project. The IH8&ta were collected within a two-
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stage cluster sampling design, and are representatihe national, urban/rural, regional,
and district levels, covering 12,271 households/&8 enumeration areas (EAs). The
IHS3 instruments included Household, Agriculturejshiery, and Community

Questionnaires.

All  sample households were administered the mafiie Household
Questionnaire that collected individual-disaggredainformation on demographics,
education, health, wage employment, nonfarm ensagranthropometrics, and control
of income from off-farm income sources, as welldasa on housing, food consumption,
food and non-food expenditures, food security, ahalable and agricultural asset

ownership, among other topics.

The sample households that were involved in adticall activities (through
ownership and/or cultivation of land, and/or owihgosof livestock) were administered
the Agriculture Questionnaire. The Agriculture Qimwaire solicited information on
land areas, physical characteristics, labor andlalor input use, and crop cultivation
and production at the plot level, separately far téference rainy and dry seasdiie
data allow for agricultural production estimateshet plot level and for the identification

of the manager of the pfotas well as household members that owrsedi/or worked on

2 A plot was defined as a continuous piece of landvbich a unique crop or a mixture of crops is grow
under a uniform, consistent crop management systetrsplit by a path of more than one meter in idt
Plot boundaries were defined in accordance wittctbps grown and the operator.

% For each plot, the following question was askeillémtify the primary decision maker/manager: “Who
this household makes the decisions concerning dmpe planted, input use and the timing of crogpin
activities on this plot?” The questionnaire allowied identification of one manager per plot, on who
individual-level information could be recoveredrfrdhe Household Questionnaire.

* For each plot, the following question was askedlentify the plot owners: “Who owns this plot?” &h
question allowed up to 2 household members to beifspd as owners.
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each plot. Handheld global positioning system (GPBF&3ed locations and land areas of
the plots were recorded, permitting us to link lehadd- and plot-level data to outside

geographic information system (GIS) databases.

5 Results

Using the nationally representative dataset oicajural households in Malawi
described in the preceding section, we completédif@ving tasks in this section: (i) we
provide empirical evidence for the propositionsnirthe theoretical model, and (ii) we
decompose the gender gap in agricultural produgtivito the four effects — the labor
market effect, the purchased inputs effect, theoemaent effect and the pure marginal

productivity effect.

5.1 Description of Gender Differences

The descriptive statistics and the results fromtés¢s of mean differences sorted
by the head of household’s gender are presentdabie 1. The full sample consists of
14,204 plots managed by the head of household,eB3pt of them are female headed
households. The sample has been restricted tod@dualy plots that are managed by the
head of household and in which the manager worksast one hour per day on the plot.
It is important to note that female headed housihimiclude mostly divorced, separated,
single, or never married women, which together antdor 86 percent of all female

headed households. The remaining 13 percent ofléeh@aded households are married.
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Thus our examination of gender differences mostiggins to female headed households

in which a male spouse is absent.

The agricultural productivity variable is proxiég the plot level gross value of
output in Malawi Kwacha (MK) calculated by first ftiplying the kilogram-equivalent
guantity of production for each crop on a givent flg the median crop sales value per
kilogram within the corresponding enumeration gieA), and then aggregating across
values of crop production. The median crop saléisevper kilogram is computed within
the corresponding EA only if at least 10 values available from the survey data.
Otherwise, the median crop sales value per kilogeacomputed at a higher level, in the
order of traditional authority, district, regionndh country. Our outcome variable is
computed by normalizing plot-level gross value ofput with the area of the plot (land
productivity). The measure of labor productivitydalculated by normalizing the plot-

level gross value of output with the total numbehaurs of managerial labor on the plot.

Table 1 provides evidence of the gender gap: tieeage of the log gross value of
output per hour of managerial labor is 44 percemiel for female plots, while the
average of the log of gross value of output pettdrecis 25 percent lower for female
plots. This result provides some support for oudelavhich predicts a gender gap in
labor productivity that is larger than the gendap gn land productivity. The reasons
posited for this difference in the theoretical miookelude labor market imperfection
spillovers that lead to female-headed householdsating more labor to the farm thus

decreasing labor productivity but increasing lanadpictivity. The gender differences in
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agricultural productivity are also evident in thengarison of the Kernel density
estimates of the log of land productivity for maled female plots, as displayed in Figure
2. The Kernel density estimates for the log of lapmductivity for male and female

plots are displayed in Figure 3.

The overwhelming majority of the differences in theerage values of the
observable covariates across male- vs. female pidkable 1 are statistically significant
at the 1 percent level. Female plots are, on aeeragerseen by individuals that are 8
years older and have 2.5 less years of schoolitiy gpect to their male counterpart. A
significantly higher percentage of female plots ibxhmanager-owner correspondence
than male plots (78 vs. 58 percehfJhe incidences of joint ownership and exclusive-
male ownership stand both at 2 percent and 3 perespectively, among female plots.
In comparison, male plots are distributed more Bvaaross the ownership categories of
exclusive-male (39 percent), exclusive-female (22cent), and joint male-female (19

percent).

The average GPS-based plot area for female plo&34 hectare, 8 percent
smaller than male plots. The use of inorganic Ifeeti per hectare is in average 18

percent lower on female plots than on male plots.

In terms of household labor use, the dynamics e laghly different on female

plotsvis-a-vistheir male comparators, as can be seen in Tablbe average amount of

® The overwhelming majority of the owned plots (&kgent) are acquired through inheritance. Anotf2er 1
percent is reported to have been granted by l@@ddrs. The remaining are acquired as bride p#ce (
percent), purchased with title (1 percent) and lpased without title (2 percent).
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hours of managerial labor per hectare is 22 peraigiter on female plots than on male
plots, while female plots have 34 percent less fatabor than male plotsFemale plots
have higher levels of exchange labor use, whilechiabor is not significantly different
between male and female plots. Female plots aoeSaercentage points less likely to be
associated with households that receive agriculaxt@nsion service on topics that relate
to crop production and marketing. Female headeddtmlids are 20 percent less likely to
participate in off-farm work than male-headed hdwdds. Lastly, male-headed
households are, on average, more likely to be &dsdcwith higher levels of wealth and

access to agricultural implemerits.

5.2 Base Regression Results

Table 2 presents plot-level land productivity resgien results for the male and
female plot samples in columns 1 and 2 respectivélg include the explanatory

variables that have been widely used in the liteea{Lopez 1984, Lopez 1986, Peterman

® The plot-level measures of household labor inpatthe summations of rainy season labor hours acros
household members reported to have worked on aaxgil@. Individual labor input is computed as the
multiplication of the number of weeks a householember worked on a given plot during the reference
rainy season, the typical number of days workedvpeek during the reported number of weeks, and the
typical number of hours worked per day during teparted number of weeks. The plot-level measure of
hired labor (exchange) input is the sum of aggeegatn, women, and child hired (exchange) labor.days

" The household wealth index is constructed usiimgjpal component analysis, and takes into accthent
number of rooms in the dwelling, a set of dummyiatales accounting for the ownership of (i) dwelling
(i) mortar, (ii) bed, (ii)) table, (iv) chair, (vfan, (vi) radio, (vii) tape/CD player, (vii) TV/ER, (ix)
sewing machine, (x) paraffin/ kerosene/ electrids gstove, (xi) refrigerator, (xii) bicycle, (xiii)
car/motorcycle/minibus/lorry, (xiv) beer brewingudn, (xv) sofa, (xvi) coffee table, (xvii) cupboagayiii)
lantern, (xix) clock, (xx) iron, (xxi) computer, X)) fixed phone line, (xxiii) cell phone, (xxiv)asellite
dish, (xxv) air-conditioner, (xxvi) washing machijr{gxvii) generator, (xxviii) solar panel, (xxix)edk, and

a vector of dummy variables capturing access tadwgd (i) outer walls, (ii) roof, (iii) floor, (iv)}oilet,

and (v) water source. The household agriculturglément access index is also computed using pahcip
components analysis, and covers a range of dumngblas on the ownership of (i) hand hoe, (iisbler,

(iii) axe, (iv) sprayer, (v) panga knife, (vi) slek (vii) treadle pump, (viii) watering can, (ixx@art, (x) ox
plough, (xi) tractor, (xii) tractor plough, (xiifjdger, (xiv) cultivator, (xv) generator, (xvi) marized pump,
(xvii) grain mail, (xviii) chicken house, (xix) lestock kraal, (xx) poultry kraal, (xxi) storage Beu (xxii)
granary, (xxiii) barn, and (xxiv) pig sty.
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et al. 2011) including plot area, labor and norslaibputs, plot characteristics, and farm
attributes including type of crop and the presesfdater-cropping which are expected to
have a direct effect on productivity. We also imiducovariates capturing manager and
household characteristics which may affect agncaltproductivity if the consumption
and production decisions of the household are eparable. Additionally, we include

district level effects to account for time-invariamitted variables at the district level.

The land productivity regressions’ results are mseeted; labor and non-labor
inputs contribute positively to agricultural landoguctivity; while the area of the plot
has a negative sign that reflects decreasing rettorscale of the production function.
Additionally, household and manager characteristies significant, possibly reflecting
the non-separability nature of the optimization heon caused by the liquidity
constraints and the labor market imperfectionsddze households, as explained in the
theoretical model in section 2.

We now turn to the effect of different covariates tbe production of male and
female plots. Table 2 shows that only six coeffitseare significantly different between
the male and female regressions, at the 10 peleesitof significance. The coefficients
that are significantly different are inorganic fiezer, area of the plot and area squared,

exchange labor, child dependency ratio and extansio

Plot area has a negative coefficient that is stedilty significant at the 1 percent
level in the male and female samples; however tiedficient in the female regression is

more than twice as high as in the male regres¥incalculate the marginal productivity
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of land, which is shown in table 3 and find thasitL2 percent lower in female managed

plots compared to male-managed plots.

The log of inorganic fertilizer use per hectar@asitively associated with the log
of gross value of output per hectare, irrespeativihe plot sample. However, the return
to inorganic fertilizer use (i.e. the coefficierftinorganic fertilizer) is higher within the

male plot sample than within the female.

The log of managerial labor has a positive coedfiti that is statistically
significant at the 1 percent level across the raalé female samples. As shown in table
3, the marginal productivity of female managers3¥ percent lower than the labor
productivity of male managers. The coefficient ajubehold labor is positive and
significant in the female and male plots, but large male plots, while the coefficient of

exchange labor is only significant on the male plnple.

The child dependency ratio, which is defined as thenber of household
members below the age of 10 divided by the numlbdrooasehold members aged 10
years and above, has a substantial negative ceeffithat is statistically significant at
the 1 percent level only within the female-manage#dt sample. The comparable

statistics for the male-managed plot sample is thegand statistically insignificant.

With respect to the household characteristics, #loolsl size has a positive

coefficient that is statistically significant irgsctive of the plot sample; the magnitude of
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the coefficient within the female plot sample iggker than within the male-managed plot
sample. The gender differences in returns to aédendency ratio after controlling for
household size imply that the burden of childcasemore likely to reduce female
agricultural productivity than male agriculturalopluctivity. The distance of the plot to
the household compound is negative and statistigaignificant for the male and
female samples, while the distance of the housetwttie nearest road is negative and

not statistically significant for the female samplene.

5.3 Linking To The Theoretical Model

Our theoretical model provides three key featui@s:the existence of non-
separability of consumption and production decisidsy the household due to the
presence of market failures, (ii) female-manageatspluse fewer inputs due to labor
market imperfections and the gender specific affafatime burden incurred when
engaging in off-farm work that result in less odfih labor income and (iii) given that
female headed households have lower access taabonihputs, female plots have lower

agricultural labor productivity in comparison to lmalots.

As the base regressions in table 2 indicate, haldeind manager characteristics
are significant, possibly reflecting the effecttb&é labor and liquidity constraints faced
by the household over the production decisionss Tgrovides support for (i) a key
assumption in the model that the nature of thenaptition problem is non-separable.
The descriptive statistics show the presence @maer gap, lending support to point (iii).

The average gross value of output per area oflthtegp25 percent lower for female plots

35



than male plots, and the average gross value pluoper hour of managerial labor is 44

percent lower for female plots than male plots.

Base regression results in table 2 further illustthat the child dependency ratio
has a significant negative effect for female-madagiets but is insignificant for male-
managed plots even after controlling for houselsit@. This implies that the burden of
childcare is more likely to reduce female agrictdtyroductivity than male agricultural
productivity. In support of (ii) we find that feneaheaded households are 20 percent less
likely to participate in off-farm activities thanate headed households and that female
managers on average work 22 percent more hoursegotare than male managers, while

the use of inorganic fertilizer is 20 percent lowefemale plots.

Finally, in Table 3 we present the estimates of mhm&rginal land and labor
productivities of male and female managers derivewh the regressions in Table 2. The
marginal productivity of land is 12 percent lower female managers compared to male
managers, while the marginal labor productivityferhale managers is 37 percent lower
than the marginal labor productivity of male manmag€onsistent with our theoretical
model, we provide the following explanations foe tyender differences in land and labor
productivity. The gender gap in marginal land prcidaty is due to lower access to non-
labor inputs for female managed plots relative tenngiven the complementarities
between labor and non-labor inputs. The gendeimgagarginal labor productivity is due

to increased allocation of labor in female manggjets to farm activities given the labor
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market discrimination that provides disincentives female head of households to

engage in off-farm work.

5.4 Mean Decomposition

In the decomposition methodology, we uncovered tmmponents of gender differences
in agricultural productivity — labor market, purcea inputs, household endowment and
pure marginal productivity effects outlined in seot3. We decompose the mean gender
gap in agricultural land productivity and the agtiaral labor productivity in order to
rank the importance of each of the four componestsndicated in (15) and (A.4)
respectively. The decomposition uses the basegssigres (section 5.2) which correspond
to equations (12a) and (12b). We find that the dgamsition results are consistent with
the theoretical model. Gender gaps exist in fawafumale-headed households for both
labor and land productivity, however the gendefedénces are far greater for labor

productivity.

5.4.1 Land Productivity Decomposition

As mentioned in the theoretical model, we predicat the agricultural
productivity of female headed households will b@dowhen compared to male managed
plots, the theoretical model also states that gredgr gap in agricultural productivity is
explained by how differently households are afféctyy liquidity and labor market
constraints which are influenced by the compositbthe household and its preferences.

From the theoretical model we expect the gendertgdie decomposed into differences
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in levels of use of purchased inputs (male managleds will have higher use),
managerial labor (higher levels for female-managkeds) and differences in levels of
the assets and characteristics of the household.

Table 4 shows the decomposition of the mean gyedidferential in agricultural
land productivity into the four effects specifiedequation (15). The gender gap in land
productivity is estimated at 25 percent. The fdfeas are all significant at the 1 percent

level.

The decomposition indicates that the purchasedtsngd household endowment
effects account for 57 and 37 percent of the latad gender gap respectively. According
to our model, these two effects are a manifestaifdhe impact that liquidity constraints
have on households as well as labor market impesfes; which are different for male
and female headed households. Differences in psechiaputs reflect the direct effect of
liquidity constraints and the indirect effect ofbta market imperfections, while
differences in the endowment of the household neag kesult of the long term impact of
such constraints. The labor market effect is esgth#o be -0.5 percentage points, which
represents 19 percent of the gender gap. The hagans that if women worked the same
number of hours as men, their land productivity lddoe lower and the gender gap in
land productivity would rise to 30 percent. Thedglbendowment and purchased inputs
effects account for 70 percent of the gender gdpnd productivity. The remaining 30
percent of the gender gap in agricultural land pobigity is explained by differences in
coefficients (the pure marginal productivity effgathich includes the differential effect

of the child dependency ratio, distance of the pdothe household and distance to the
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closest market, all of which are proxies to thedggrspecific off-farm time burden due to

engagement in off-farm activities.

5.4.2 Labor Productivity Decomposition

The theoretical model predicts specifically traidr productivity will be lower in
female-headed households due to the different itrpat the liquidity constraints, labor
market discrimination and gender specific off-fatime burden have over them
compared to male-headed households (Equation (A%)kan be seen in Table 5, these

predictions are consistent with the empirical ressul

The gender gap in agricultural labor productiviyeistimated at 44 percent. The
agricultural labor productivity gender gap is largfean the agricultural land productivity
gender gap, due to the labor market effect whicoaats for 34 percent of the total gap.
In this case the fact that female managers workentwurs in the plot than male
managers exacerbates the agricultural labor prodityctiender gap, unlike its effect on
land productivity, where it reduces the gap. THmtamarket effect may be attributed in
part to the direct effect of gender differentiaatment in the labor market and should be

considered as an upper bound.

The purchased inputs and the household endowmieatsefre 29 and 20 percent
of the gender gap respectively, which together withlabor effect explain 83 percent of
the gender gap in agricultural labor productivitye remaining 17 percent is explained

by the pure marginal productivity effect.
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5.5 Unconditional Decile Decomposition

So far we have performed the decomposition at teermmHowever going beyond
the “average” farmer and understandinghle&rogeneityn constraints faced by farmers
with different gender and productivity profiles isrucial for the design and
implementation of better targeted interventions ealnat bridging the gender gap. An
important question is whether our findings, whiake dased on the sample means, are

robust to the decomposition of alternative distridmal statistics beyond the mean.

A method that is similar in spirit to the mean daposition uses the recentered
influence function (RIF) regressions proposed bspd-iet al. (2009) and provides a
straightforward framework within which across-grodifferences in any distributional
statistic could be decomposed. We rely on the Ri¢othposition to provide estimates of
the decomposition of the gender gap at differewilele of the agricultural productivity

distribution. A detailed description of the methtmtyy is presented in Appendix B.

5.5.1 Land Productivity Unconditional Decile Decompositio

Table 6 presents the gender gap estimates and é&dénpositions, both at the
mean and at each decile of the agricultural lamdiyetivity distribution. The graphical
representation of these findings is reported irufégs. The four effects in figure 5 are
based on the RIF regressions that use the sanwé setependent variables included in

the base specification for the mean decomposition.
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Two key findings emerge from Table 6. First, thegmtude of the gender gap
and the share of the gender gap attributed to tfeeteof purchased inputs increase
steadily along the agricultural land productivitystdbution. The mean and median
gender gap is estimated to be 25 and 21 percepectgely. The magnitudes of the
gender gap range between 17 percent at tffepEdcentile to 39 percent at the™0
percentile. The purchased inputs effect of the dgxasition accounts for 52 percent of
the gender gap at the mean and 61 percent of tideggap at the 90th percentile. This

implies that the purchased inputs effect is thgdat contributor to the gender gap.

Second, the household endowment effect declinesgalbe land productivity
distribution. The decline of the household endowneffect on the gender gap is from 65

percent at the fpercentile to 35 percent at the"gfercentile.

One interpretation of the declining importancels household endowment effect
and the increasing importance of the purchased tsnmifect towards the land
productivity gender gap is that at the lower endhaf productivity distribution female-
headed households tend to be relatively more degrof endowments than male-headed
households. However, at the other end of the ptodiyc distribution, the relative
deprivation of endowments is less important for d&a than males, given that the
households overall tend to be richer. Thus, thechased inputs effect becomes the
dominant factor in explaining the gender produtyivjap as differential access to

markets by gender become more important.
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5.5.2 Labor Productivity Unconditional Decile Decompasiti

Table 7 presents the gender gap estimates anddRhpositions at each decile
and the mean of the agricultural labor productividystribution. The graphical

representation of these findings is reported inufed.

The estimates of the gender gap increase steadityss the labor productivity
distribution. The mean and median gender gap isnatdd to be 44 and 49 percent
respectively. The magnitudes of the gender gaperdseween 35 percent at the 10th
percentile to 52 percent at the 80th percentilevéier, at the 90th percentile the gender
gap declines to 40 percent, which is still a higd aignificant value. This is a surprising
result and could be due to increasing efficiencyvofmen, despite having less access to

purchased inputs and lower endowment than ¥nen.

The labor market and the purchased input effectshengender gap increase
steadily along the productivity distribution. Theciease of the labor effect on the gender
gap is from 34 percent at the "LPercentile to 40 percent at the"8percentile. The
increase of the purchased input effect on the gegde is from 23 percent at the™0

percentile to 38 percent at the"™8@ercentile. The two effects — labor market and

%W e estimated our regressions dropping the top i€epeof the productivity and the mean results db n
change dramatically. The normalized difference leetwthe male and female samples of the top 10 perce
of the land productivity distribution was calculdt®©nly 8 out of 26 independent variables and 3@idt
dummies have a normalized difference greater th2h, Ghus, it is possible to conclude that there is
overlapping support across the groups at the highérof the distribution.

42



purchased input — tend to work in the same diraafiee to the complementarity between

labor and non-labor inputs.

6 Sensitivity Analyses

We are concerned about two main issues: (i) thelitsalof the decomposition
methodology employed and (ii) whether the genddfeminces of interest — labor,
purchased inputs, endowment including child depeoageratio, plot and household
locations, - are robust to various specificatigks noted earlier, the crucial assumptions
for the validity of the aggregate decompositionlude overlapping support and
ignorability. The key assumptions additionally regd by the detailed decomposition are
additive linearity and zero conditional mean. A hugtology that is proposed by Imbens
and Rubin (2009) to assess the feasibility of therlapping support assumption is
centered on the idea of calculating a scale-freenatized difference for each covariate.
They assert that the overlapping support acrosgrhigps of interest, in our case female
vs. male plots, is adequate if the scale-free nbzeth differences across most of the
covariates are less than 0.25. Table C.1 in theeAgi presents the scale-free
normalized difference of the variables used in tbgressions. Only 5 out of 26
independent variables (and 30 district dummies)ehawormalized difference greater

than 0.25.

In trying to lend support to ignorability and zeronditional mean assumptions,
we use all available data and econometric toolsuatdisposal, and first rely on an

empirical approach that was pioneered by Altor§i88), Murphy and Topel (1990), and
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Altonji et al. (2005), based on the idea that tmeoant of selection on observable
variables provides a guide to the extent of selactin unobservable counterparts. We
use an informal version of the methodology applgdAcemoglu et al. (2001), and
incorporate into our base specification, in a ptasefashion, thematically-grouped
control variables such that each regression isnestid with a different set of additional
independent variables and that the results are amdpto those from the base
specification. Our purpose is to gauge the stgbaftthe key regression coefficients that
underlie our decomposition results. If the coefiits on the covariates included in the
base specification are stable subsequent to tleegaration of additional covariates, they
are less likely to change if we are able to take account potentially missing omitted

variables.

To perform this analysis, we consider the followisgts of variables: (i)
enumeration area effects, (ii) plot geospatial abtaristics informed by GIS data, (iii)
other plot characteristics solicited by the IHS8) additional household characteristics,
and (v) additional community characteristics. Eafl.2 in the Appendix includes the
detailed list of the variables included in each Jetbles C.3 and C.4 present the base
regression results and the estimates from the seignes including the additional controls
for the male and female plot samples, respectivéty.overwhelming majority of the
coefficients, with respect to the base specificatare stable across the specifications and
the plot samples, and do not change sign or saam@ie. This suggests that the

assumptions of ignorability and zero conditionabmenight not be unfounded.
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In addition, we checked for extreme data points thay dominate the sign and
significance of key estimates. We conducted twas$ypf dominance tests. In order to
account for extreme data points, we first re-edthathe model by excluding
observations in the top and bottom 1 percent of I productivity. The same
procedure is followed by re-estimating the modetheiit observations in the top and
bottom 1 percent of managerial labor. The parameteg robust to the sample changes.
Signs, significance and magnitudes of the parametémates from these models are

shown in Table C.5 in the Appendix.

7 Conclusion

This study presents a theoretical model that sHeghé on the mechanisms
underlying gender differences in agricultural prowty. It focuses on the effects of
labor and credit market imperfections as well a®ther long term structural factors that
affect female- and male-headed households diffgrefihe empirical approach provides
evidence of the relative quantitative importancdaators that lie behind the gender gap
in agricultural labor productivity, providing evidee consistent with the predictions of

the theoretical model.

This study theoretically and empirically uncovefrse timportance of market
imperfections behind the gender gap in agricultuabor productivity. Liquidity
constraints, labor market discrimination and offafatime burden due to engagement in

off-farm work, which differ greatly between men andmen, result in lower agricultural
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labor productivity in plots belonging to female- icomparison to male-headed

households.

Our paper proposes several possible mechanismsstantsvith a gender gap in
agricultural labor productivity. Households dimimishe effect of credit constraints on
their production decisions via participation in-tdfm activities. Participation in off-farm
activities depends on access to off-farm opporesmitand the composition of the
household. Female-headed households may be digsuuita participate in off-farm
activities due to discrimination. Additionally, fee-headed households might opt not to
participate in off-farm work after considering tadditional gender specific off-farm time
burden, which is the opportunity cost of carryimgt traditional household activities
attributed to them (such as child care, gettingewatnd cooking). The lack of
participation in off-farm work by women may imphhey have lower access to
productive inputs, exacerbating the effect of ldjy constraints and resulting in them
being less productive than men. It is not only éftect of the labor and credit market
discrimination but also the synergy between themt tthisfavors women ultimately
leading to their lower agricultural labor produdtyvin comparison to men. The
empirical estimation is consistent with the pradics of the model, the effect of labor
market imperfections, liquidity constraints and &elold characteristics lead to lower

agricultural labor productivity on plots belongitgfemale-headed households.
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Table 1: Descriptive Statistics & Results from Be&tMean Differences
by Gender of the Plot Manager

Pooled

Male

Female

Difference
Sample Sample Sample

Sample size 14,204 10,962 3,242
Outcome Variable
Ln Value Output per hectare 10.42 10.48 10.23 o*2*
Ln Value Output per hour of managerial labor 4.56 .664 4.22 0.4 ***
Plot Managerial Labor Input Use
Ln Managerial Labor (hours/ha) 5.9 5.8 6.0 -0.2%*
Purchased Inputs
Pesticide/herbicide use yes/no 0.019 0.021 0.012  0090. ***
Organic Fertilizer use yes/no 0.112 0.114 0.105 09.0
Ln Inorganic Fertilizer (kg/ha) 3.275 3.317 3.135 2 Q *xx
Ln Hired labor (days/ha) 0.547 0.555 0.520 0.0
Agricultural implements Asset Index 0.687 0.842 6.1 0.7 ***
Proportion of area of the plot under improved g 0.372 0.383 0.333 0.0%**
Proportion of area of the plot under export crops .079 0.094 0.028 0.1 ***
Endowment of the Household
Ln Area of the plot (ha) -1.224 -1.203 -1.294 0.1**
Ln Area of the plot (ha) Squared 1.978 1.926 2.153 -0.2 ***
elevation (m) 893.9 908.8 843.5 65.3 ***
plot distance to hh 1.970 2.058 1.675 0.4 **
Inter-croppped 0.353 0.325 0.448 -0.1 ***
Manager is equal to one of the owners 0.625 0.579 .7820 -0.2 H*x*
Age of the manager 42.98 41.18 49.07 -7.9 ***
Years of Schooling of the manager 5.206 5.796 3.214 2.6 ***
Non-Managerial Household Labor (hours/ha) 531.5 B77 377.6 199.5 ***
Ln Non-Managerial Household Labor (hours/ha) 5.317 5.767 3.795 2.0 ***
Ln Exchange labor (days/ha) 0.213 0.182 0.316 0
Household Size 4.892 5.157 3.995 1.2 ***
Dependency Ratio 0.704 0.701 0.713 0.0
Ag extension services receipt 0.311 0.322 0.271 (0 &
HH has any off-farm income 0.423 0.443 0.354 oA**
HH receives other transfers/safety net help 0.216 213 0.227 0.0 *
Wealth Index -0.701 -0.605 -1.025 0.4 ***
HH Distance (KMs) to Nearest ADMARC 8.196 8.195 2 0.0

note: ** p<0.01, ** p<0.05, * p<0.1
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Table2: Base OLS Regression Results Underlyindgthan Decomposition
Dependent Variable: Ln[Plot Gross Value of Outpat pectare]

Male Managed Female Managed Difference in

Plot Sample Plot Sample Coefficients
Labor
Ln Managerial Labor (hours/ha) 0.227x** 0.234%**
(0.011) (0.018)
Purchased Inputs
Pesticide/herbicide use yes/no 0.446*** 0.618***
(0.054) (0.121)
Organic fertilizer use yes/no 0.021 0.036
(0.024) (0.044)
Ln Inorganic Fertilizer (kg/ha) 0.070%** 0.058*** Hokk
(0.003) (0.006)
Ln Hired labor (days/ha) 0.102*** 0.113*
(0.007) (0.012)
Agricultural Implements Access Index 0.036*** 0.648
(0.006) (0.012)
Proportion of Plot Area Under Improved Seeds ~ 0-041** 0.025
(0.018) (0.034)
Proportion of Plot Area Under Export Crops 1.078= 1.132%*
(0.030) (0.086)
Household Characteristics and Endowment
Ln GPS Total Area of the plot (ha) -0.155"** -0.354*** *
(0.040) (0.074)
Ln GPS Total Area of the plot (ha) Squared 0.056*** 0.006 *
(0.014) (0.025)
Elevation (m) 0.000** 0.000**
(0.000) (0.000)
Plot distance to household -0.000 -0.000
(0.001) (0.002)
Intercropped 0.230*** 0.273***
(0.022) (0.037)
Manager is equal to one of the owners -0.007 -0.002
(0.016) (0.033)
Age of the manager -0.001** -0.001
(0.001) (0.001)
Years of Schooling of the manager 0.003 0.011*
(0.002) (0.005)
I(_rllwotl;?hg)anagenal Household Labor 0.015* 0.012%
(0.006) (0.005)
Ln Exchange labor (days/ha) 0.042%** 0.013 *
(0.011) (0.015)
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Table2: Base OLS Regression Results Underlyindgvthan Decomposition (Cont'd)

Dependent Variable: Ln[Plot Gross Value of Outpat pectare]

Male Managed

Female Managed

Difference in

Plot Sample Plot Sample Coefficients
Household Size 0.013*** 0.024***
(0.004) (0.008)
Dependency Ratio -0.008 -0.068*** * %
(0.016) (0.018)
Agricultural Extension Receipt 0.030* 0.131*** *k ok
(0.017) (0.031)
HH has any off-farm income -0.063* -0.036
(0.016) (0.029)
HH receives other transfers/safety net help 0.007 -0.030
(0.020) (0.033)
Wealth Index 0.062*** 0.060***
(0.005) (0.009)
Distance to Nearest ADMARC (KM) 0.004** -0.000
(0.002) (0.003)
Constant 7.958*** 8.307***
(0.261) (0.757)
Number of observations 10,962 3,242
R2 0.380 0.373
Adjusted R2 0.376 0.362

Robust standard errors in parenthesis.

note: *** p<0.01, ** p<0.05, * p<0.1
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Table 3. Marginal Productivity of land and laborAgricultural Land Productivity

Marginal Productivity of Land in Agricultural Prodtion

Male Headed Households Female Headed Households ferddite
113,213*** 81,877** 31,336***
(2,237) (3,161) (3,872)

Marginal Productivity of Labor in Agricultural Pdaction

Male Headed Households  Female Headed Households fer@ite
28.4*** 17.8*** 10.6%**
(1.38) (1.42) (1.98)

note: *** p<0.01, ** p<0.05, * p<0.1
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Table 4. Decomposition of the Gender Gap in Agtigall Land Productivity

A. Mean Gender Gap

10.477**
Male Plots

(0.009)
10.231***

Female Plots
(0.016)
0.246***

Gender Gap
(0.019)

B. Decomposition of the Mean Gender Gap

Labor Market Effect -0.046***
(0.005)

Purchased Inputs Effect 0.129%**
(0.012)

Household Endowment Effect 0.090***
(0.018)
Pure Marginal Productivity 0.073%+

Effect

(0.023)

note: *** p<0.01, ** p<0.05, * p<0.1,
+ all the effects sum up to the Mean Gender Gap
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Table 5. Decomposition of the Gender Gap in Agtimall Labor Productivity

A. Mean Gender Gap

4.664***
Male Plots
(0.011)
4.,223%**
Female Plots
(0.019)
0.442%**
Mean Gender Gap
(0.022)

B. Decomposition of the Mean Gender Gap

Labor Market Effect 0.150***
(0.014)
Purchased Inputs Effect 0.129***
(0.012)
Household Endowment Effect 0.090***
(0.018)
Pure Marginal Productivity 0.073%+
Effect
(0.023)

note: *** p<0.01, ** p<0.05, * p<0.1,
+ all the effects sum up to the Mean Gender Gap
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Table 6. Decomposition of the Gender Differentafgricultural Productivity at Selected Pointstbé
Agricultural Land Productivity Distribution

A. Mean Gender Gap Mean 10th 20th 30th 40th 50th 60th 70th 80th 90th
Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile
Male Plots 10.48%+ 9. 25%** 9.68*** 9.99%*  10.24**  10.46*** 10.69%*  10.94**  11.26%*  11.73**
(0.01) (0.02) (0.01) (0.01) (0.01) (0.01) (0.01) .00 (0.01) (0.02)
Female Plots 10.23**  9.08*** 9.51 % 9.78**  10.02**  10.25*** 10.44*+  10.68***  10.93%*  11.34***
(0.02) (0.03) (0.02) (0.02) (0.02) (0.02) (0.02) 0@ (0.02) (0.03)
Mean Gender Gap 0.25%** 0.17% 0.17% 0.21%** 0.22%** 0.21%** 0.2 6™ 0.26*+* 0.33*+* 0.39%+*
(0.02) (0.04) (0.03) (0.02) (0.02) (0.02) (0.02) 0@ (0.02) (0.04)
B. Decomposition of the Mean Gender Gap+
Labor Market Effect -0.05**  -0.07***  -0.04**  -0.8**  -0.04**  -0.04**  -0.04*  -0.04**  -0.03** - 0.05***
(0.005) (0.010) (0.007) (0.006) (0.006) (0.005) 0O(®) (0.006) (0.005) (0.009)
Purchased Inputs Effect 0.13%* 0.09*** 0.06*** 0m** 0.08*** 0.10*** 0.11% 0.13%* 0.14%* 0.24* *
(0.012) (0.025) (0.017) (0.015) (0.014) (0.013)  01®) (0.015) (0.015) (0.025)
Household Endowment Effect 0.09** 0.11% 0.11%*  0.09*** 0.09*** 0.09*** 0.07** 0.10*** 0.09*** 0.1 4%
(0.018) (0.042) (0.030) (0.025) (0.024) (0.021)  Om1) (0.024) (0.023) (0.039)
Pure Marginal Productivity Effect 0.07** 0.03*** 05*** 0.08*** 0.08*** 0.06*** 0.11%* 0.08** 0.13 ** 0.06***
(0.02) (0.05) (0.04) (0.03) (0.03) (0.03) (0.03) .0® (0.03) (0.05)
Number of observations 14,204 14,204 14,204 14,204 14,204 14,204 14,204 14,204 14,204 14,204

note: *** p<0.01, ** p<0.05, * p<0.1,
+ all the effects sum up to the Gender Gap
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Table 7. Decomposition of the Gender Differentafgricultural Productivity at Selected Pointstbé

Agricultural Labor Productivity Distribution

A Mean Gender Differential Mean 10th 20th 30th 40th 50th 60th 70th 80th 90th
Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile
Male Plots 4.66*+* 3.25%* 3.73%* 4.06*+* 4.34%+* 4.63*** 4.92%+* 5.23%** 5.60%** 6.15%**
(0.01) (0.02) (0.01) (0.01) (0.01) (0.01) (0.01) .00 (0.02) (0.02)
Female Plots 4.22%** 2.90** 3.30*** 3.59%** 3.87** 4.14%* 4.41%* 4.69*+* 5.08*** 5.75%*
(0.02) (0.04) (0.03) (0.02) (0.02) (0.02) (0.02) .0®) (0.03) (0.04)
Mean Gender Gap 0.44%* 0.35%** 0.43*** 0.47*+* 0.g*+* 0.49%* 0.51%** 0.54*+* 0.52%+* 0.40*+*
(0.02) (0.04) (0.03) (0.03) (0.03) (0.03) (0.03) .0®) (0.04) (0.05)
B. Decomposition of the Mean Gender
Differential
Labor Market Effect 0.15*+* 0.12%+* 0.11%* 0.12%* 0.14%+* 0.15%* 0.16*** 0.17%* 0.21%* 0.24%*
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.02) .00 (0.02) (0.02)
Purchased Inputs Effect 0.13*+* 0.08*** 0.09*** o> 0.11%* 0.14%+* 0.15*+* 0.18*+* 0.20*+* 0.16** *
(0.01) (0.03) (0.02) (0.02) (0.02) (0.02) (0.02) .00 (0.02) (0.03)
Household Endowment Effect 0.09*+* 0.11* 0.10%+*  p2** 0.14%* 0.12%* 0.11%* 0.07* 0.04 0.10*
(0.02) (0.04) (0.03) (0.03) (0.03) (0.03) (0.03) .0®) (0.03) (0.05)
Pure Marginal Productivity Effect 0.07*** 0.05 042 0.14%*=* 0.08** 0.08** 0.10%** 0.13%** 0.07* -0. 10
(0.02) (0.06) (0.04) (0.03) (0.04) (0.03) (0.03) .08 (0.04) (0.06)
Number of observations 14,204 14,204 14,204 14,204 14,204 14,204 14,204 14,204 14,204 14,204

note: *** p<0.01, ** p<0.05, * p<0.1
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Figure 1. Land and Labor Productivity Gender Gapddeposition into Endowment,
Purchased Inputs, Labor Market and Pure Marginadidctivity Effects
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Figure 2. Kernel Density Estimates of the Log 0b&& Value of Output per Hectare for
Male- and Female-Managed Plot Samples
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Figure 3. Kernel Density Estimates of the Log 0b€& Value of Output per Managerial
Labor for Male- and Female-Managed Plot Samples
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Chapter 2: Why has Europe become environmentally elaner?
Decomposing the roles of fiscal, trade and environemtal policies

By Ramon Lépez and Amparo Palacios Lopez

Forthcoming inEnvironmental and Resource Economics

1 Introduction
This paper provides a decomposition analysis ofdieerved reductions of the

concentrations of sulfur dioxide, nitrogen dioxided ozone, in the twelve richest
European countries. It quantifies the proportionhaf reductions that can be attributed to
fiscal policies, trade, and energy taxes. We shbat fiscal spending policies and
increasing trade openness explain the largest gpomif the observed reductions of
production-related pollutants (e.g., sulfur diojigéile energy taxes explain most of the
observed decreases of pollutants originated mastlyconsumption activities (e.qg.,
nitrogen dioxide). This is the first econometriady that compares the effects of fiscal
expenditure policies, energy taxes and trade omsnm® environmental quality in
Europe.

This analysis shows that a policy factor thafasohas been largely neglected
plays a key role in affecting pollution: fiscal soing. The impact of fiscal spending has
proven to be important in most areas of the econbhigwever the relationship between

fiscal policies and environmental quality has reedi little attention in the literature.

! Studies have focused for example on the effecpubfic expenditure level and composition on poyert
reduction, income distribution and inequality (Kap| 2006), unemployment (Fougest al, 2000),
education (Hanushek, 2003), and many other areas.
2 Exceptions are the theoretical models of BarmaBufpta (2010) and Gupta & Barman (2009) and Lépez
et al. (2011) which include a general equilibridradretical model and an empirical application.
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The study of the impact of fiscal factors is likety be especially important in Europe
where the participation of government spendindnexéconomy tends to be higher than in
most other regions of the world (Dewan and Ettlmng@€09).

In addition to fiscal spending, our analysis algareines how increases in trade
intensity affect pollution in wealthy countrié<Earlier studies (such as Grossman and
Krueger, 1992; Antweileet al, 2001; Frankel and Rose, 2005) have examinedftbet e
of trade on pollution using samples that includarge proportion of middle income and
poor countries. These studies have found that tredieces pollution. The environmental
improvements in middle and low income countries rbaydue to greater imports of
cleaner technologies that already exist in rich ntoes (Antweiler et al, 2001).
However, it is possible that trade may not increaseironmental efficiency in rich
countries; it may merely induce them to shift pratthn towards cleaner outputs thus
displacing their dirty industries to poorer couesi Lastly, we analyze the effect of
energy taxes and certain environmental regulatramsh may increase the incentives in
rich countries to produce new and more environmignédficient technology (Knigge
and Gorlach, 2005).

Empirical studies on trade and environment do raitrol for the level and
composition of government spending and energy takesce, these studies may be
affected by omitted variable bias as recognized\btyveiler et al. (2001). Typically two
way fixed effects (TWFE) are used to deal with kiw@s; however this procedure is not

efficient in controlling for country specific timearying omitted variable bias.

3 Gassebner et al. 2010 survey the literature amdl that excluding OECD countries from the sample
provides different results; specifically the redaship between GDP growth and pollution loses
significance. This suggests that focusing on tbkest countries of Europe could provide new intsigh
about the relevance of fiscal policies, trade ametgy taxes.
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The literature analyzing the effects of energy amironmental taxes on
pollution has mainly used simulation exercisesheatthan econometric modeling
(Baranziniet al, 2000; Fullerton and Heutel, 2007, Fullerton et 2009). This is mainly
due to the lack of suitable data that may captueevariability of institutions, regulations
and enforcement variables that may affect polluiibtorley 2010). Another strand of
literature has used firm or industry level datal{dk and Nauges, 2006; Morley, 2010).
These studies find that energy and environmensadstdnave a negative and significant
impact on air pollutants. However, these studieg beaffected by the issues concerning
time-varying omitted variables..

Our study aims to empirically estimate the effexftthe level and composition of
government expenditures, trade, and energy taxethree major air pollutants: sulfur
dioxide (SO2), nitrogen dioxide (NO2) and ozone X®3S02 is produced by industrial
processes and electricity generation and is coreidmainly a “production-generated
pollutant.” A significant part of NO2 and O3 is plieced by road vehicles implying that
both pollutants may be considered as mainly (bdttotally) “consumption-generated
pollutants.® We improve the analysis of pollution determinarggarding two other
important aspects:

1. We introduce a method that generalizes the conwagitiFixed Country Effects
(FCE) approach; a method that we call Time-Varydauntry-Specific Effects (TVCE).
The TVCE method reduces the risk of spurious cati@h between pollution and the

explanatory variables of interest caused by timsdag as well as fixed unobserved or

* We select these pollutants because their measntsmee reliable and consistent over time, theyehhe
largest number of observations available, they lmamegulated, and accepted quality standards foxist
them (EPA, 2010).
® 03 is the product of the combination of Nitrogerid&s (NOx) and volatile organic compounds
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difficult-to-measure variables which may be corredhwith the latter. While we directly
control for certain environmental regulations, themay be other economic and
institutional variables that may affect pollutiomih are either unobserved or difficult to
measure, such as regulation enforcement that maggehover time and is specific to
each country. The TVCE is a parsimonious appro&eit &llows for controlling for
omitted variables without measuring them direé€tly.
2. We use a new dataset of air pollution for Europée Texisting empirical
estimations have used the GEMS/AIR data which ludgervations for the period 1971-
1996, (Grossman and Krueger, 1995; Antwegeral., 2001; Harbaugtet al., 2002;
Bernauer and Koubi, 2006). Our sample, using mecent data, has the advantage of
including more monitoring stations in each of tloaimtries analyzed, for the 1995-2008
period. The number of observations available for2S@bout 16,000 observations
distributed over 2,666 monitoring stations in l1imies), for example, is five times
larger than in the old data set. This large nunaberbservations allows us to implement
the TVCE method, which, as we shall see, requiesouestimate a large number of
auxiliary coefficients.

The remainder of this paper is organized as follod®ection 2 discusses conceptual
issues, Section 3 presents the econometric modelio8 4 describes the data, Section 5

summarizes the results and Sectoroncludes.

® An alternative method to control for time-varyingobservable variables is the so-called Added @tmntr
Approach which sequentially introduces a large neimiif controls (Altonjiet al., 2005). Nevertheless,
Altonji et al. (2005) do caution about this methodology: “....J&]dangerous to infer too much about
selection on the unobservables from selection erotiservables if the observables are small in nuanie
explanatory power or if they are unlikely to berneentative of the full range of factors that deiee an
outcome”. (p. 182).
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2 Conceptual Issues

To analyze the impact of government spending coitiposit is important to use
a taxonomy of expenditures that is conceptually mmegul and consistent with the
available data. Lépez and Galinato (2007) proposedaxonomy of government
expenditures that distinguishes between expenditomewhat they term “public goods,”
defined as those that alleviate the negative effetmarket failures, and expenditures on
“private goods,” which do little to mitigate markémperfections. Accordingly,
government expenditures on public goods includeepdjiures on education, health,
social transfers, environmental protection, redeartd development (R&D), knowledge
creation and diffusion, as well as conventionalljgudpoods such as, institutions and law
and order. By contrast, government expendituregrmate goods are subsidies to special
interest groups including credit and input subsidiarm commodity programs, subsidies
to the production and consumption of fossil fueldustrial subsidies, and others.

Unlike government expenditures on private googpgegrditures on public goods
may complement rather than substitute private sespending. Household subsidies,
both direct and indirect via education and heathegrovision, mitigate the negative
effects of liquidity constraints on investmentshaman capital (e.g. Galor and Zeira,

1993) which according to recent studies affecgaicant portion of households even in

" Fiorito and Kollintzas (2004) provide a differdmit related taxonomy based on the relationship éeitw
the types of goods provided by the government aivéie consumptiorPublic goodsare defined as those
that cannot be provided by the private sector sasctiefense, public order and justibkerit goodsinclude
health, education and others that are in part gdem/by the private sector but where the publicasatiay
have an important complementary role.
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wealthy countries (Zeldes, 1989; Japelli, 1990;nGr2007; Attanasicet al, 2008)°
Investment in environmental protection, researct davelopment, and creation and
diffusion of knowledge, finance activities that etvise would be under-funded due to
generally insufficient market incentives for thavpte sector to invest in these areas
(Dasgupta, 1996; Hoff and Stiglitz, 2000).

Lépez et al. (2011) develop a theoretical modetiifigng the channels by which
the level and composition of government spendiny @affect the environment. They
find that the reallocation of government expenditdirom private to public goods
improves environmental quality indicators. Thaydfthat increasing the share of public
goods expenditures on total government spendingribates to the expansion of
aggregate output (or GDP), changes the composiifoproduction towards human
capital-intensive industries (and away from physicaapital-intensive ones) and
promotes investments in R&D. Hence, these factwlsde three effects on production-
generated pollutants: (1) Scale Effect: the exmpansif aggregate output may increase
pollution; (2) Composition Effect: a reduction pollution due to the restructuring of
production in favor of human capital—intensive atgs that tend to pollute less than
physical capital-intensive activities; (3) Techreqiffect: increasing investments in
R&D and in diffusion of knowledge, which may lead the development of

environmentally cleaner technologis.

8 In addition, studies have shown that human capitastments often have spillovers that increasér th
social value beyond their private returns (Blunéekl, 1999; Fleisheet al, 2010).
° Given that the output elasticities of energy (arcaiicity) range from 0.3 to 1.35 for OECD coursrie
(Adeyemi and Hunt, 2007; Liu ,2004 and Olund, 20X%croeconomic policies such as fiscal spending
may have an impact on production related pollubgraffecting its sources such as output from electr
utilities and industry.
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Furthermore, reallocating fiscal spending towardblig goods may also reduce
consumption-generated pollution by shifting constiamptowards less polluting goods.
For example, raising the share of public goods ewatail greater investment in public
transportation which substitutes for private tramggtion which, in turn, often implies
less demand for energy and hence less pollutioadtiition more investments in R&D
increase the supply of fuel efficient cars and gpesaving appliances including air
conditioning and heating units.

The impact of trade expansion on the environmestaiso been associated with
scale, technique and composition effects (GrossananKrueger, 1992; Antweilest al,
2001; Frankel and Rose, 2005). The effects of txealg depending on the nature of the
pollutant and on the economy’s level of incomerdases in the volumes of trade may
cause an expansion of economic activity (scalecgffthus, ceteris paribus, raising
production-generated pollution. Trade may also aedal technique effect on pollution but
this effect has been mainly considered to be dubkdadact that trade increases income,
which in turn may raise the desire for stricter iemvmental regulations. Hence, if we
control for real income, taxes and regulations, dffect of trade should capture mostly
the output composition effect. Trade could alsectfpollution by facilitating transfers of
technology. The increased technology transfer effemost important for poor countries
that tend to be the ones that receive technoloigees the more advanced countries.
However, given that our sample includes only ricturdries which are the ones that
generate environmentally cleaner technologies,dfiect should be limited in their own

environments.
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Environmental regulations and environmental taxes inave an effect on the
environment mostly through the technique effectrdgucing the level of emissions per
unit of goods produced or consumed (Knigge and &#ttl 2005). Environmental and
energy taxes directly increase the costs of “dirtyjuts or of dirty consumption goods
such as fuels or gasoline, thus inducing their rggziand substitution. While these
policies may also induce some output compositidaceby increasing the relative price
of outputs that use dirty inputs more intensivétys effect is likely to be weak. As Karp
(2011) argues, one possible explanation for thekmess of the composition effect of
environmental policies is that the costs of commywith environmental regulations
account for only a small share of total productmosts, creating little incentives to
relocate production of dirty goods. Thus, unlé@nomy-wide policies, energy taxes
and regulations are likely to have first order efeon techniques and the structure of
consumption goods and only a second order effepraduction composition.

Controlling for the scale effect (as we do in th&per), given the sample of rich
countries that we use and the type of pollutantsiciered in our analysis, it is expected
that energy taxes and environmental regulationstlynasnplify the technique effect;
trade mostly influences the composition effecthe tase of production pollutants and
has little effect on pollution produced by consuimptactivities. Fiscal policies may

affect pollution via both the technique and outpariposition effects.
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3 Econometric Model

We assume that the annual average pollutant calatent at monitoring station

in countryj at timet, Z. , is determined by a vector reflecting the stockpublic and

ijt

private goods provided by the governme@f, trade intensity, Tl , country-specific

it?

energy taxesM ,, and environmental regulations at the countrylle® . In addition,

jt?

we control for the three year moving average of gagita household final consumption

expenditure (as a proxy for permanent per capitare), Y, . Additional controls
include temperature (heating degree days), and monitoring station characteristics,

Xjj. Finally, the model controls for unobserved momitg station effects and time-

varying unobserved country effects.

Z, =y, +aG,, +aTl, +aM, + R+ 3,y + 3 E+ ¥ +§(T)t +& (1)

Where 7, is an unobserved monitoring station effect thatloa fixed or randomy (),

is a function of time that controls for fixed andhé-varying country-specific effects;

r=1-1995; and £, is an idiosyncratic error that is assumed to t#ependent and

identically distributed with zero mean and fixedigace.

While we have data on government expenditure flofles various key
components we do not have reliable measures of tegpective stock level&;. We
thus write Equation (1) below in differences sotthize annual differences of the
government stocks can be approximated by the laggeel of corresponding

government expenditure flows. We then have,
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Zy =¥ + a0,y +052t§t ta M, +a,f +asy, +a6|‘r:r +y +4§ (2)
where, Z; = th - %t—l; Oju1 = Gjt 'Gj,t-l ; tijt ETIjt _lex—l; m; = th - MjI—l;
r =R, —R,1; Y=Yy - Ya v =£(2), —<(7), 45 w; 1S an unobserved monitoring

station effect; £, is an idiosyncratic error that is assumed to b#ependent and

ijt
identically distributed with zero mean and fixediaace®®

The v, effect corresponds to the TVCE. We approximateitheeffect by a (T-

2)™ order (country-specific) polynomial function ofrte,
v =hy, +h7 +b4-z'2+ Q13+ ........ + I;J_ZLTT‘2+,L4t (3)

where, By By By e b_,, are country-specific coefficients of the polynohfianction
of 7. u, is the residual; T is the maximum number of obagows for a country. Using
(3) in (2) we obtain the estimating equation whéhe new disturbance term is
&y =& + 4 . The (T-2)" order (country specific) polynomial function ofri in
Equation (3) is the maximum order of approximatilat allows for sufficient degrees of

freedom to estimate the effects of observed couwrgriables on pollution.

The TVCE method is related to methods used in iteeature (Cornwell et al.,
1990; Jacobsen et al., 1993; Friedberg, 1998; aolfevg, 2006). However, these studies
choose up to a second order polynomial of timeajature individual or region-specific
slow moving omitted variables. The main advantagi® TVCE model proposed here is

that it does not arbitrarily restrict the degree agproximation to a second order

1% The fixed station characteristi@éij vanish as a consequence of first differencing.
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polynomial as the earlier studies cited did. Indté@e degrees of freedom in the data
determine the limit of the time trend polynomialtive estimation. This approach allows
for a much more flexible approximation of the omuttvariables impact and hence
reduces significantly the risks of omitted variablases affecting the coefficients of the

variables of interest.

There are a number of possible omitted variablasttte function;, may control

for. The main omitted variables which we are conedr about are regulations and
especially their degree of enforcement. There @veral characteristics about regulations
that do not lend themselves to be easily accouiated hey tend to suffer from constant
revisions over time, for instance, existing regola may include more sectors or new
regulations may be proposed and adopted. The straygof regulation enforcement
might increase over time (but not necessarily lilyga Also, the evolution of
enforcement of the same regulations may differ ecrmuntries. All these factors make
regulation stringency and enforcement difficulhteasure and therefore hard to control.

Regulations and their enforcement are specificaltyoncern for this study since
they may follow similar patterns over time as thare of public expenditures over total
government spending in many countries, which suggggositive correlation between
the omitted regulation and our variables of inter@gis in turn implies that failing to
control for the effect of the time-varying omittedriables may bias the coefficients of
the relevant explanatory variables upwards (mogatiee).

Including our proposed TVCE approach, there areew bDther candidate

specifications for dealing with omitted variabléas These specifications include (i) the
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standard country fixed effects model (FCE), (iiuoty by year fixed effects which

consists of fully interacted country and time durasn(iii) country specific trends which

is essentially country dummies interacted withnaetitrend and (iv) the TVCE approach
proposed above.

The limitation of the standard country fixed efeepproach (i) is that it does not
account for time varying omitted variables. Most tbe potential omitted variables
mentioned such as regulation stringency and enfogoé are not fixed for each country
and tend to vary over time. In contrast, our prepo3VCE approach, do control for
time-varying omitted variables as long as the aeditvariables exhibit some degree of
systematic variations over time.

To fully control for the effects of the omitted vavles it would be necessary to
use the complete matrix of country-year dummiedgchvis approach (ii). There are two

potential advantages of the TVCE approach with @espo using the country by year
fixed effects model. Estimating & —1)" order polynomial function of time for each

country is equivalent to using the complete matrfixcountry-year dummies because in
this case we would estimale independent parameters for each country (the cpunt
specific constant term or fixed effect pllisl parameters corresponding to the slopes of

the polynomial), in total T x J independent pararetThus the TVCE specification that
estimates T —2)" order polynomial has the advantage of estimatingefeparameters

than approach (ii). The second and most importdwamtage of the TVCE approach over
the country by year fixed effects is that in thieelait is impossible to estimate the effect

of any observed countrywide variables as all vemmtn these explanatory variables is
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eliminated. For the TVCE approach we can use (The2)" order approximation which

means that the TVCE approach comes close to adulitry by year fixed effects model
but also allows to estimate the effects of coumtige explanatory variablées.

Finally, the use of country specific time trends$) (imposes a linear functional
form of the omitted variables while the TVCE appmioaallows for a more flexible
functional form using country specific polynomiaithe time trend. It is also important
to note that the TVCE approach is a generalizationoth the standard FCE (i) and the
country-specific time trends approach tfii)

The TVCE method is indeed a generalization of stendard fixed-country
effects model. It can be assumed that the FCE dagpBstimations in levels and thus
taking first differences, as in equation (2), woulghe them out. More generally, we may
apply the FCE to a regression in differences imstgfaone merely in levelS. Applying

FCE to first differences can be interpreted as rat forder approximation of the

" The TVCE approach indeed follows the tradition @éssical regression analysis of using prior
information (or assumptions) as a means of econamithe number of parameters. For example, in pure
cross-country regressions the full use of counffgcés would not allow estimating the effects o&th
(observed) variables of interest, and thus a comapgroach is to use regional effects instead ohtgu
effects. The prior information or assumption istttt® countries within the region may have common
unobserved effects.

2\While our assumption that the unobserved time pattean be fully captured by the (T"2)olynomial

approximation is not certain, we can test Whetlhner,l:til residuals (and therefore th;gjt = é’ijt + 4y
error term) are time-independent. If the hypothési the residuals are time- independent is rjetted,

then the (T — 2)th order polynomial approximation may be sufficientuacover the full time pattern of

omitted variable effects on the endogenous varialtence, the TVCE approach would be effective in
mitigating time-varying country-idiosyncratic bigseaused by omitted variables. By contrast, rejactif
the hypothesis of time-independent residuals wauiggest that the effects of omitted variables ate n
fully controlled for.
13 The inclusion of the FCE in regressions in differes has often been used in literature examiniag th
determinants of economic growth (defined as lofedéince of per capita GDP), in which FCE are used t
control for unobserved time-invariant country sfiecicharacteristics (see for example, Fdlster and
Henrekson, 2001 and Afonso and Furceri, 2010).
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unobserved country effectsIn cases where the total number of time obsematjzer
country is greater than 3, t{& — 2)" order approximation of the TVCE method is more

general allowing for the FCE-in-differences estionatto be nested within the TVCE

estimators. That is, the FCE-in-differences mardel be tested as a special case of the

TVCE by parametrically testing the following restions, b, =b,, =...=Q_,, = 0 for
all je{1,2,......J}, whileb, 0, for at least somg.
4 Data

The air pollution data consist of annual averages $02, NO2 and O3
observations, measured at a large number of mamjtostations in the 12 richest
European countries for the 1995-2008 period. Tlsquality measures are taken from
the AirBase dataset maintained by the Europeanr&mwiental Agency. The complete
list of countries is provided in Table D.1.

Government expenditure, household final consumptaond trade data are
obtained from the EUROSTAT database. We use thetibmal classification of
government expenditures at the general governmewel The government
expenditures on public goods include expenditures public order and safety,

environment protection, housing and community ames)i health, recreation, culture

14 1f the country effect in the level equation ltgoj + bojf then by first differencing the regression, the

level FE (booj ) vanishes and the FCE applying to differences tmsboj .

> This classification, organizes government expemeituin ten general categories, according to their
objectives or purposes, which is of the governnsemiministrative or organizational structure. The
categories are: (i) general public services, (@jedse, (iii) public order and safety, (iv) econoraifairs,
(v) environmental protection, (vi) housing and coamity amenities, (vii) health, (viii) recreationylture
and religion, (ix) education and (x) social protect(Jacobs et al. 2009).

77



and religion, education and social protection. €raatensity is defined as the sum of
exports and imports of goods and services as ptiopasf GDP.

The implicit tax rate on energy is obtained fromHAXDSTAT Statistical Books
(2010). The temperature indicator (heating-degieesy is obtained from the
EUROSTAT databad® Table D.2 presents the description and sourcdatd, while
Table D.3 provides summary statistics of the vdeslised in the regressions.

In the sample there is high variation in SO2 cotregions among monitoring
stations and over time. Some stations have repoeactions in SO2 concentrations of
up to 50% over the period. NO2 concentrations hastedecreased as much as SO2.
However NO2 concentrations have high variation s&rononitoring stations and
countries. Ozone concentrations have increasednre stations located in Southern and
Central Europe. See Table D.4 for measures of hiitiaof the pollutants and Tables
D.5, D.6 and D.7 for the annual averages of eadlntpat across countries and years.

The main explanatory variables show a large degfeeriation over time and
across countries as shown in Figures D.1 and Dh2. share of public goods in total
government expenditure has increased over timenfist of the countries. Germany and
Denmark have the highest shares reaching valu€s78fto 0.79 in some years; while
Belgium and the Netherlands exhibit the lowest sharf the period with values as low as
0.65. Similarly, the share of total government expire over GDP varies significantly
across countries and within countries during the@a period. The countries with the

lowest share of total expenditure over GDP are rpad the United Kingdom, with

16 We control for heating degree days in our estiomtbut are unable to account for cooling degrees da
due to lack of data. However, this omission mayb®to serious given that most countries in oupéam
have only small windows of time in the summer wlamnconditioners may be used, and even then their
incidence is low. In contrast, heaters are usecenmtensively in the winters.

78



shares as low as 0.38 in some years, and the emmiith the highest shares include

Sweden, Finland and Denmark with shares as higheas

5 Estimation and Results

We estimate equation (2) after normalizing theltgtvernment expenditures by
GDP and the government expenditures on public gobgs total government
expenditures. We also normalize trade intensitypdets plus imports) by GDP. These
normalizations are convenient because they yieltl foe measures of the variables,
which diminish the problems of comparing currenajues and inflation across time and
countries.

We use a sixth order polynomial approximation foe time-varying country
effects (equation 3). The reason for limiting tipg@@ximation to the sixth order is that in
our unbalanced panel data there are countries fochwwe have only eight years of
observations. This effectively implies that we castimate a maximum of seven

coefficients per country to capture thre effect (theb,, and the sixh, coefficients for

each country) in order to preserve sufficient degref freedom to estimate the variables
of interest.

The monitoring station effecty; may be uncorrelated with the observed

explanatory variables in which case we can use ralora station effects model.
Alternatively, we may allow for arbitrary correlati between the unobserved monitoring
station effect and the observed explanatory vagglii which case we would need to use
fixed monitoring station effects. We use both randstation effects and fixed station
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effects in combination with time-varying countryesjfic effects (RSE-TVCE and FSE-
TVCE, respectively). We present the results obthinging RSE-TVCE in Table 1 while
Table 2 shows the FSE-TVCE estimatbrsf the station effects are correlated with the
explanatory variables, the FCE-TVCE would be cdesisand the RSE-TVCE may not.
However, the results from both estimators aresttedilly similar which means that both
are consistent. Given that the RSE-TVCE estimatises both the within and between
variation while FCE-TVCE only rely on within cougtwariations, the former are more
efficient (Kennedy, 2003; Wooldridge, 2002). We tise RSE-TVCE estimators for the

subsequent analysis.

5.1 Specification Tests

5.1.1 Testing the Fixed Country Effect model.

We test the null hypothesis thdf, =b, =b, = b, =h =k =0 for all |

which, as discussed eatrlier, is a test for theditglof the fixed country effects model. As
indicated in the bottom of Table 1, the restricteddel is rejected at the 1% level of
significance in favor of the TVCE model for eachtbé three pollutants, meaning that
the often used fixed country effect specificatisrstatistically rejectet?

The coefficientsblj,sz by, b, b R are jointly significant at the 1% level of

significance and the majority of them are indivillpaignificant. This, in conjunction

" The standard errors in all the estimates are tdbuseteroskedasticity and autocorrelation.
18 Additionally, we test whether the residuals frone tRSE-TVCE estimations are time independent by

regressing them on a time trefl(igijl = constant+ 7 ).The null hypothesis that the residuals are time
independent is not rejected at any reasonabléd feveny of the pollutants; p-values for the asatex
nulls are all above 0.99 (these results are aaifabm the authors).
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with the relatively large impact that including $iee effects has on the coefficient

estimates of the key variables, reflects the imgrare of the RSE-TVCE approath.

5.1.2 Reverse causality.

Consistent with the econometric model presente®@eantion 3, the normalized
government expenditures are lagged in the modak ifay avoid the direct reverse
causality between these variables and the pollutaitén a source of biases in the
estimated coefficients. In principle it would stibe possible that such lagged
expenditures are correlated with other concurremtted variables which would bias the
coefficients. However, as we argued earlier, thenty-specific time-varying effects
largely minimize such a risk as these effects abitr omitted variables.

It may be argued that reverse causality couldrbéssue for energy taxes as the
tax variable is not lagged. Higher levels of patint may be a factor that induces
governments to raise energy taxes in which case theuld be an upward (less negative)
bias on the energy tax coefficient. However, tiidikely that the level of energy taxes is
influenced much by variations in local pollution agergy tax policies are mostly
motivated in renewable energy and climate changjeip® rather than in local pollution-
related objectives (Newberry, 2005; Biermann andhBr, 2005; Decker and Wohar,
2007). But even if reverse causality were indeetsame, the finding of a negative effect
of the energy tax on pollution, as we do when gigshe RSE-TVCE estimates, would

merely make such estimates a lower bound measubhe afue effect and would not alter

¥ Table G.1 in Appendix G presents a summary ofahalysis of the predicted values of the TVCE
function. In most countries the effect of the omttivariables has been negative for SO2, and hawgebta
sign over time for NO2 and O3. The majority of goteld values of the TVCE function are non-monotonic
and have at least 2 turning points.
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the sign of the estimates. That is, if we corredtedeverse causality bias, the estimates
of the energy tax effect would be even more negathan the ones obtained in the

estimations.

5.2 Analysis of the Estimates
5.2.1 Impact Analysis

The estimates indicate negative and significaneotf of the government
spending level and composition on SO2 and O3, asghtive but not statistically
significant effects on NO2, as shown by the coedfits of the share of expenditures in
public goods over total government expenditure #mel share of total government
expenditure over GDP in Table 1. Trade shows athegand significant effect on SO2
concentrations but not on the other pollutants, andrgy taxes exert a negative and
significant effect on NO2 but not on the other emninants.

In Table 3 we show the elasticities for the maitedainants of each pollutant.
The importance of each of these effects is alsoemsged by the relative changes within
the sample (impact of changing the explanatoryaldes in one standard deviation,
expressing it as proportion of the sample standakdations of the pollutant). Increasing
the share of government expenditures on public gdyd1%, holding total government
expenditure constant, may result in a 3.9% redoaioSO2 concentratiorasd a 1.25%
decrease in O3 concentrations. Increasing the sifaegpenditures on public goods by
one standard deviation reduces SO2 concentratipr22 7% and O3 by 19.4% of their

respective standard deviations.
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The concentrations of SO2 and O3 may be reduced2.6% and 0.82%
respectively if total government expenditure inse=a by 1%. The increase of one
standard deviation of the share of total expendituith respect to GDP may result in a
standard deviation reduction of 35.1% for SO2 ahd% in the case of O3.

We find that the elasticity of energy taxes is 10f@r NO2. If the energy tax rates
increase by one standard deviation, the concentrati NO2 may be reduced by 12% of
its standard deviatioff. The estimated effects of energy taxes are naffgignt for SO2
which is caused mainly by industrial processeseadtricity generation. We did not find
statistically significant effects of energy taxea ®3 which is formed by certain
precursor gases in combination with weather comui’ Our results suggest that
energy taxes only affect pollution levels causedniyaby road and off-road fuel
consumption.

Trade has a negative and significant effect on B@2loes not have a significant
effect on neither NO2 nor O3 concentrations. Thenedes imply that increasing trade
intensity by 1% may result in a 1.1% reduction @f2Sconcentrations. If trade intensity
is increased by one standard deviation, SO2 coratents are reduced by 49% of its

standard deviation. Hence, as predicted by our eymmel analysis, trade affects

% These findings are consistent with the elastiei§jimates in a few studies that have measured these
effects. Millock and Nauges (2006) estimate elé&i of energy taxes on NO2 and SO2 that vary from
2.7 to -0.2 depending on the industry analyzed.
2L One of the reasons energy taxes do not havenifisimt effect on O3 concentrations might be the
nature of this pollutant since it is not emittededily by any source and it is rather formed by the
combination of certain precursor gases especiailjeu hot and sunny weather conditions (EEA, 2007).
Another possible reason might be the positive éff#fcenergy taxes over the participation of diesel
vehicles on the automobile fleet (data that is ailable for all countries and time periods); dles
vehicles tend to emit three times more ozone-peecugases than gasoline vehicles. Vestetng., 2008
has shown that this is true in the countries wisgstematic data on the participation of diesel clekiare
available.
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“production” pollutants most likely through the cposition effect but does not affect
“consumption” pollutants.

The coefficients for the level of per capita houdditonsumption are positive in
our estimates and mostly significant while mostserg empirical studies for high
income countries obtain a negative effect on Iquallutants (Antweiler et al. 2001;
Bernauer and Koubi 2006; Deacon and Norman, 200%)s divergence may stem from
our effort to mitigate the omitted variable biaseg controlling for energy taxes,
environmental regulation and other unobserved etgrwide variables that may be
positively correlated with per capita income or swmption and that have a negative
impact on pollution. The standard estimates arel\liko attribute the effects of these
variables to per capita income and thus conclude iticreasing per capita income or
household consumption may reduce pollution. By @sttour estimates isolate the pure

effect of income or consumption on pollution.

5.2.2 Comparison across different specifications

In the conceptual section we justified the usthefTVCE model and indicated its
advantages over alternative specifications. TaBlés E.2 and E.3 present the results of
RSE, RSE with Fixed Country Effects (RSE-FCE), RRE-TVCE with the full range of
orders of approximation from 1 to®6.The sign and significance of the results of our
main coefficients are retained as they stabilizia Wigher polynomials of the time trend.
A few results are however worth noting. As we cohtor time varying omitted variables

and increase the order of approximation, both thgmitude and significance of the share

%2 The results for the Fixed Monitoring Stations Effewith Time Varying Country Effects (FSE-TVCE)
alongside alternative specifications are availdtne the authors.
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of government expenditures on public goods incredbes may imply that the higher
order approximations of the TVCE are capturing waoied country level variables that
are correlated with spending and pollution . Simylawe find that in our base
estimations trade has no significant effect on N®& O3 pollutants. However, using
simple RSE-FCE estimations the effect of trade benegative and significant. This
may imply that our TVCE approach may be capturingntry-wide omitted variables
such as the degree of regulations enforcement whiay be biasing upward the RSE-

FCE estimations of the impact of trade on NO2 aBd O

5.2.3 Sensitivity Analysis

In addition to the specification tests reportediegrwe performed a series of
sensitivity analyses to ascertain the robustnesiseoéstimators. We checked for extreme
data points that may dominate the sign and sigmifie of key estimates and looked for
individual country dominance.

We conducted two types of dominance tests. In ameccount for extreme data
points, we first re-estimated the model by exclgdifservations in the top and bottom
1% of the share of government expenditures on pujpiods. The same procedure is
followed by re-estimating the model without obséiwas in the top and bottom 1% of
the energy tax rate, pollutant concentration aaddrintensity. The parameters are robust
to the sample changes, except for the case of whéa dropping the bottom 1% of SO2
observations. This result indicates that the effdctrade is weak even on production

pollutants, once we control for energy taxes, eammental regulations, fiscal
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expenditure as well as other unobserved factognsSisignificance and magnitudes of
the parameter estimates from these models are simoViables F.1 to F.6 in Appendix F.
The second type of tests focuses on the effecotanpial country dominance. We
re-estimated our benchmark models, dropping on@tcpat a time, to check whether
they alter the parameter estimates of the shangubfic goods (for the SO2 and O3
regressions), of the energy taxes (for the NO2esgons) and of trade (for SO2). As
shown in Figures F.1 to F.4 in Appendix F, removorge country at a time does not
affect the sign and significance of the estimatathmeters, with the exception of share
of public goods over government expenditure in @8 regression, which seems to be

dependent on Ital§?

5.3 Decomposition Analysis.

Table 4 shows the average annual changes in @litaols for the analyzed period
and the decomposition of fiscal, trade and enviremtial policy effects on each one of
them. SO2, mainly a production pollutant, has desed very rapidly over the period at
an annual rate of 8.5% but NO2 and O3, consider@dlynconsumption pollutants, have
not improved nearly as much. NO2 concentrationgallen by only 1.4% per annum
and O3 concentrations have increased in almosbalhtries showing an average annual
rate of increase of 0.9%.

As mentioned in the conceptual section, we expscalf policies to mostly affect

air pollution concentration via the composition dadhnique effects, with trade having a

%1t is worth noting that Italy includes a large riven of observations, more than 1,500 observations o
about 8% of the total. This does not necessarijcate a lack of robustness of the estimators; iihdeed
remarkable that the coefficients are robust toetkedusion of all other countries even if droppindividual
countries often entails removing 7% or more ofttital observations.
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larger effect through the former on production pialhts and a negligible effect through
the latter on consumption pollutants. We also ekpleat environmental policies and
energy taxes would affect consumption pollutionmhavia the technique effect. As can
be seen in Table 4, these predictions are fullyobmrated by the empirical results.

SO2 reductions are mostly explained by trade aswhfipolicies, which together
explain practically all the observed reductionsameg that without those policies SO2
levels would have increased over the analyzed gefibe large contribution of trade and
of the increased share of expenditures in publexgmver total government expenditure
and of the share of total government expenditurer &DP may be the result of the
production shift towards cleaner, possibly more hontapital-intensive industries.
Environmental regulation, specifically the “Largeor@bustion Plant Directive” (see
Table A.2 for a detailed description of this redula), also contributes to the reduction in
SO2 concentrations possibly through a techniqueceff

In the case of NO2, energy taxes explain a major gfathe observed modest
reduction; about 52% of this reduction is mostliikdue to their direct effect causing
higher energy prices and hence less consumer defoaedergy. They may also induce
a technique effect that reduces pollution. Thisgests that energy taxes are an effective
instrument to reduce this type of pollutant, aniteots the European countries’ demand
(on average) for less NO2 emissions per unit oflgamnsumed.

Fiscal policies associated with an increased ppaiion of government spending
in GDP and progressive shifts towards the provisidrpublic goods have a strong
(unintended) effect towards reducing ozone. In,fde combined effect of the observed

fiscal spending policies in Europe has been toeedureduction of ozone concentrations
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by more than 1% per annum. That is, if Europe hatl increased the share of
government spending in GDP and if it had not chdngee spending composition
towards public goods, ozone would have increasacetas fast as what was actually
experienced. The European fiscal spending politiag explain why in these countries
O3 concentrations have not increased nearly as rasidh other regions of the world.
Additionally, fiscal policies are the only policieonsidered that have any effect on

ozone, which is probably the most difficult to camhiamong the measured pollutants.

6 Conclusion

This study finds that fiscal, trade and energy padicies implemented by the
twelve richest European countries are importanerd@hants of pollution through
various mechanisms. Large and increasing publitosgarticipation and increasing
prioritization of public goods over private goodstihe European countries analyzed have
had a hitherto ignored effect by reducing the catregions of sulfur dioxide and ozone
but not nitrogen dioxide. In addition, we find tiitae high energy tax policy adopted by
the majority of the European countries over the fasv decades have substantially
contributed to reduce the concentrations of nitnodexide but have no effect on ozone
and sulfur dioxide. Finally, trade openness hasrectleffect on sulfur dioxide but no
effect on nitrogen dioxide or ozone.

These results should be regarded as an addediirecémt EU countries to at least
persist if not increase the emphasis on fiscalcpdi and energy taxes that trigger the
development of new technologies. The study may plesent an argument for other
countries which have not yet adopted these policiesiplement them. The results have

implications for several non-European countriesudinng the USA and large developing
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countries which currently have much lower energyesaand fiscal spending policies that
are heavily oriented to provide private goods iadtef public goods. Pursuing fiscal
policies as adopted by some European countriespoi@ntially have a large unintended
environmental pay-off.

To the best of our knowledge this is the first pagpat systematically examines
the role of fiscal spending policy, trade and eget@xes on Europe’s environmental
guality, using a methodology that obtains estimatesstly free from time-varying

omitted variable biases.
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Random Monitoring Stations Effects with Time Vagy@ountry Effects (RSE-TVCE)

Table 1

Ln Diff SO2 Ln Diff NO2 Ln Diff O3
Share of expenditures in public goods ove -5.33** -0.1¢ -1.69**
total government expenditures (lagged) [1.27] [0.49] [0.52]
Share of total government expenditures oV -5.52** -0.37 -1.73*
GDP (lagged) [1.78] [0.71] [0.77]

. . -0.11 -0.18** 0.057
Time difference of Energy Tax Rate [0.06] [0.03] [0.04]
Time difference of Regulation over large -0.49**

Plants [0.07]

. . . -0.34 1.54
Time difference of Regulation over NOx [0.51] [0.83]
Time difference of Log of Trade -1.13* -0.41 -0.21
(X+M)/GDP [0.40] [0.25] [0.43]
Time difference of 3-Year Moving Average 0.0E3** 0.00¢ 0.026*
of Ln of Household final consumption per [0.02] [0.01] [0.01]
capita
Number of Observations 16,222 19,374 15,282
No. of Monitoring Stations 2,666 3,176 2,274
Overall R-Squared 0.11 0.06 0.10
Specification tests
Testing the fixed country effects-random site
effects model:

Log Likelihood Ratio Test 426** 322 316**

Ho: b, =by =...=f ,, = O

Robust standard errors in brackets.
* significant at 5%; ** significant at 1%

Not reported in the table are 77 coefficients fackeequation for the variables that capture the EVI2

coefficients for year effects and one coefficiemtlieating degree days.
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Table 2
Fixed Monitoring Stations Effects with Time Varytoguntry Effects (FSE-TVCE)
Regressions

Ln Diff SO2 Ln Diff NO2 Ln Diff O3
Share of expenditures in public goods ove -5.92** -0.27 -1.€8**
total government exp (lagged) [1.34] [0.54] [0.58]
Share of total government expenditure over -6.17** -0.12 -1.61
GDP (lagged) [1.91] [0.79] [0.86]

. . -0.14* -0.20** 0.05
Time difference of Energy Tax Rate [0.07] [0.034] [0.04]
Time difference of Regulation over large -0.47**

Plants [0.08]

. . . -0.55 1.70
Time difference of Regulation over NOx [0.66] [1.06]
Time difference of Log of Trade -1.09* -0.37 -0.23
(X+M)/GDP [0.48] [0.27] [0.48]
Time difference of 3 Year Moving Average 0.C6* 0.C4** 0.C5**
of Ln of Household final consumption per [0.02] [0.01] [0.01]
capita
Number of Observations 16,222 19,374 15,282
No. of Monitoring Stations 2,666 3,176 2,274
Overall R-Squared 0.12 0.07 0.13
Specification tests
Testing the fixed country effects-random site
effects model:

Log Likelihood Ratio Test 463** 361** 403**
Ho:b,=b, =...... =R, =

Robust standard errors in brackets.

* significant at 5%; ** significant at 1%

Not reported in the table are 66 coefficients facleequation for the variables that capture the EVI2
coefficients for year effects and one coefficiemtlieating degree days.
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Table 3
Elasticities and Sample Quantitative Effects

S02 NO2 03
Elgsgglty of the Share of Public -3.91%* s, L1 D5k
Change in the pollutant when the
Share of Public Goods increases by o i .
one Standard Deviation (% of std dev 22.10% n.s. 19.45%
of pollutant)
Elasticity of the ratio of total ) - i .
government expenditure over GDP 2.63 n.s. 0.82
Change in the pollutant when the
ratio of total government expenditure Ok ) opx
over GDP increases by one Standard 35.10% n.s. 31.37%
Deviation (% of std dev of pollutant
Elasticity of the Energy Tax Rate n.s. -0.31* sn.
Change in the pollutant when the
Energy Tax Rate increases by one i Ok
Standard Deviation (% of std dev of n.s. 12.32% n.s.
pollutant)
Elasticity of Trade -1.13* n.s. n.s.
Change in the pollutant when Trade
increases by one Standard Deviatign-49.23%** n.s. n.s.

(% of std dev of pollutant)

* significant at 5%; ** significant at 1%

n. s.: non-significant
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Table 4

Decomposition analysis of the effect of the varifagsors

Annual average contribution (in percentage points)
Observed Fiscal Policy Environmental Policy
annual
average ratgl  Share of o en ot
overnmen are of tota
of growth of | OVer Trade Policy
provided government .
the pollutant ; . Regulation | Energy taxes
(%) public goods| expenditure
over total over GDP
expenditures
S02 -8.51 -5.56* -2.27* -3.79* n.s. -2.76*
NO2 -1.37 n.s. n.s. n.s. -0.58* n.s.
03 0.91 -0.39* -0.71* n.s. n.s. n.s.

Note: The rates of growth used to create this talele calculated as the annual average growtlnelicase of the
pollutant the annual rate of growth of each momipstation was calculated, and then a countryageswas taken
for each country and finally the average over ithe years available in the sample. For the redie@variables at
the country level, first the rate of growth wittspect to the previous year was calculated theavbeage of the
whole period.

*Significant to at least 5%
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Chapter 3: Caught in a Productivity Trap: A Distrib utional Perspective

on Gender Differences in Malawian Agriculture

By: Amparo Palacios Lépéz

"[C]hildren shrieking at play; and women bent doeblmost with infants slung on their
backs - hoeing the corn and beans; and the mangsitt the shade stupefying themselves
on chibuku, the local beer, or kachasu, the logal'g

Paul Theroux, Dark Star Safari: Overland from Car&ape Town (2002)

“While a great deal has been learned about whatksand what does not when it comes
to promoting greater gender equality, the truth e#ns that progress is often held back
by the lack of data or adequate solutions to thetrsticky’ problems.”

The World Bank World Development Report 20@2nder Equality and Development

1 Introduction

Globally, 1.4 billion people, or one quarter of thepulation of the developing
world, live in extreme poverty, and an addition& hillion live in moderate poverty. The
analysis of regional contributions to global poyaridicates that although sub-Saharan
Africa represents only 12 percent of the world dapan, it accounts for 27 percent of
the global poor, and that poverty in sub-Sahararcafs being reduced at a much slower

pace than elsewhere (Chen and Ravallion, 200®)gregate agricultural growth has

L with Talip Kilic and Markus Goldstein
% The poverty rate in sub-Saharan Africa is estimhatehave declined only 3 percentage points, frénds
51 percent, throughout the period of 1985-2005.

98



been documented to bring disproportionate gairteeégoorest in the developing world.
In sub-Saharan Africa, nearly 75 percent of theeswmé poor reside in rural areas, and 91
percent of the rural extreme poor are estimatedpddicipate in agriculture. As
smallholder agriculture is the predominant fornfast organization in the region (FAO,
2009), smallholder agricultural productivity growths been identified as a key driver of
poverty reduction and increased food sectrity. targeting sustainable poverty gains
through smallholder-based agricultural growth, ovadi development plans across sub-
Saharan Africa have emphasized the reduction ofigewlifferences in agricultural
productivity. Most recently, FAO (2011) assertedttif female farmers had the same
access to productive resources as men, they coatdase yields by 20 to 30 percent,
which could increase total agricultural output gveloping countries by 2.5 to 4 percent
and lift 100 to 150 million people out of hungemcieased productivity among female
farmers is also often argued to result in doubledb@d payoff: (i) poverty alleviation
through positive impact on overall smallholder proiivity growth, and (ii) improved

development outcomes for the next generation.

Although the estimates of gender differences inicagural productivity
(henceforth referred to as the gender §ap)oss sub-Saharan Africa range widely from

4 to 40 percent, the majority cluster around 2@@opercent. The studies that compare

% Ligon and Sadoulet (2008) document that a 1 pémsin agricultural GDP results in 6 percentoime
growth for the lowest income decile of the popuwlati
*Irz et al. (2001) estimate that for every 10 petdecrease in farm yields, there has been a 7eperc
reduction in poverty in sub-Saharan Africa.
®> See WB (2011), and Doepke and Tertilt (2011) foe\dew.
® Agricultural productivity is commonly proxied byajor crop production quantity per hectare or gross
value of crop output/profit per hectare.

99



productivity outcomes on female- vs. male-manadets @across and within households
provide further support for the presence of systenaad persistent gender differences in
agricultural productivity in the region (Akresh, @) Alene et al., 2008; Gilbert et al.,
2002; Goldstein and Udry, 2008; Moock 1976; Peterret al., 2011; Oladeebo and
Fajuyigbe, 2007; Quisumbing et al., 2001; Saitalet1994; Tiruneh et al., 2001; Udry,
1996; Vargas Hill and Vigneri, 2011). The majorseas for the observed gender gap
have been identified as gender differences indgesas to and use of agricultural inputs,
(i) tenure security and related investments indlaand improved technologies, (iii)
market and credit access, (iv) human and physigaital, and (v) informal institutional
constraints affecting farm/plot management and etiar§ of agricultural produce.
Regardless of whether the comparisons are madessa@o within households, the
common thread across the relevant literature i$ tha gender gap disappears or

diminishes significantly once the researcher cdstia the factors discussed above.

Despite what could be perceived as a well-estadigtvidence base on the extent
and proximate causes of the gender gap across ahdre® Africa, the overwhelming
majority of empirical studies on the topic havedisiata from small-scale surveys that
were limited in terms of geographic coverage, tomc attention to intra-household
dynamics (or, in some cases, all three). With tteeption of Akresh (2005), none of the
above-referenced papers rely on nationally-reptatga survey data. Dearth of

nationally-representative, methodologically-sounatad collected in heterogeneous

" Cultural roles that are assigned to males and lE=m@garding domestic duties and those that may
underlie the gender segregation in crop produdfi@n staple vs. cash crop cultivation, high-yielglivs.
low-yielding variety cultivation, etc.) could beaihght of as informal institutional constraints.
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settings across sub-Saharan Africa has in turrbit@d the computation of externally-
valid, rigorous estimates. Our study seeks to dillimg this gap by providing a
nationally-representative analysis of the gendep ga Malawi, using a different

econometric approach than existing studies.

Our econometric approach is underlined by the dsenadentification strategy
that has been utilized extensively in labor ecomsmsince the seminal studies of Oaxaca
(1973) and Blinder (1973), most notably in the gsa$ of the gender wage gap, union
wage gap, and growing wage inequality. Specificallye decompose the average
difference in agricultural productivity between mathanaged and female-managed plots
into (i) the portion that is driven by gender difaces in levels of observable attributes
(i.e. the endowment effgctand (ii) the portion that is driven by gendeffetiences in
returns to the same set of observablesti® structure effet To our knowledge, this is

the first time this method has been applied to tstdading the gender gap.

Complementing this aggregate decomposition analyges provide a detailed
decomposition of the mean gender gap, identifylrey dontribution of each observable
covariate towards the endowment and structure tsffdn contrast with the available
microeconomic evidence, the detailed decomposilmeuments, within a partial-
equilibrium framework, the relative quantitativeportance of each factor in explaining

the mean gender differential. This in turn facte&further analysis to identify the causes
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of differences in key factors contributing to thender gap so that the emerging insights

could inform the design of policy interventions eeksing the gender gap at its robts.

The second contribution of our study relates to #yeplication of the
decomposition methodology to distributional statstbeyond the mean through the use
of recentered influence function (RIF) regressiddsice key contributors towards the
gender gap might differ across farmer subpopulatiminvarying productivity levels, the
RIF decomposition is a useful tool for tracing ¢l heterogeneity in constraints faced
by farmers with different gender and productivitsofdes, and thus, tailoring better
targeted policies that are underlined by analylsasrove beyond the “average” male vs.
female farmer. Towards this end, we carry out l{fg aggregate decomposition of the
gender gap at each decile of the agricultural prodity distribution, and (ii) the detailed
decomposition of the gender gap at th&, 180", and 98" percentiles. The paper also
discusses the changes in the shares of endowmdnstarcture effects as part of the
aggregate decomposition, and the variations incthributions of key factors towards

the endowment and structure effects at selecteskptles.

Finally, the multi-topic and national-representatinmature of our household
survey data represents the third contribution o literature on the gender gap in sub-
Saharan Africa. The availability of geo-referencedusehold and agricultural plot

locations also allows us to create synergies webggaphic information system (GIS)

8 For instance, if the researcher confirms that femaanagers, on average, have access to less fiorga
fertilizer, and that the gender differences in gaoic fertilizer application is a key contributomtards the
gender gap, it becomes crucial to understand wimalie managers have access to less inorganic Zertili
so that the policy interventions could target theerlying causes of this phenomenon.
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data for the purpose of incorporating relevant gatal variables into the modelling

efforts.

There are five key findings from our study. Firsty average, female-managed
plots in Malawi are 25 percent less productive thfamse that are managed by males.
Second, 82 percent of the mean gender gap is erpldiy the differences in observable
covariates, i.e. the endowment effect. The direzy-@f to addressing market and
institutional failures that affect men and womeffiedentially is economically significant:
ensuring that female plot managers have similarsyeé schooling and apply similar
levels of non-labor agricultural inputs, includinginorganic fertilizer,
pesticides/herbicides, and improved and/or expap warieties could reduce the mean
gender gap by 50 percent. Deficiencies on femaleaged plots regarding household
adult male labor input and access to agricultunaplements are other key factors
exacerbating the gender gap. Third, the remainBhgercent of the mean gender gap is
mostly explained by gender differencegéturnsto (i) household adult male labor input
and inorganic fertilizer application, which havgrsficantly lower positive effects on the
productivity of female-managed plots, and (ii) ttteld dependency ratio, which has a
highly significant and negative effect on the prcitity of female-managed plots, in
contrast to no effect on the productivity of malafmaged plots. Fourth, the gender gap
increases significantly across the agriculturaldpuativity distribution: the differential
stands at 22 and 37 percent at th® a6d 98" percentile, respectively. Finally, we find
that the gender gap is explained predominantlyhieyendowment effect in the first half

of the agricultural productivity distribution, witthe endowment effect still explaining
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close to 90 percent of the gender gap at the medibave the median, however, the
contribution of the endowment effect towards thadgx gap declines steadily such that
the structure effect culminates in explaining 34cpat of the gender gap at the™90

percentile.

The rest of the paper is organized as follows. i8e@ presents a review of the
evidence on the gender gap in sub-Saharan Afrieetid® 3 provides an overview of the
Malawian context, and describes the data. Sectibnand 5 present the mean
decomposition methodology and the results fromntiean decomposition, respectively.
Likewise, Sections 6 and 7 present the RIF decoitippanethodology and the results
from the RIF decomposition, respectively. Sectioroféers concluding remarks and

expands on the policy implications of our findings.

2 Gender Differences in Agricultural Productivity Sub-Saharan Africa : Review of

Evidence

The studies that investigate the gender gap inSalaran Africa are quite
heterogeneous in terms of the type of data anéshmation strategies that they use. The
existing literature broadly features two strandke Tirst strand is composed of studies
that conduct their analyses at the household-landldo not link plot-level outcomes to
the identity of the managers and/or owners withirdg households. The second strand is
composed of a handful of empirical studies that pis¢level data linked to individual

managers within study households. Across thesadsrdahe relevance and applicability
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of the results for policy have been limited duesh@rtcomings in terms of questionnaire
design, empirical methodology, and/or sample reprdiveness. “[T]he

inconclusiveness of gender research due to eitlethodological or data limitations
obscures the policy and programmatic recommendatibiat emerge from gender
productivity analysis, and do not enable us to raite whether gender matters in

producing evidence-based agricultural policy” (lPetn et al. 2011, pp. 1486).

The first strand of the literature encompassesotlerwhelming majority of the
empirical studies on the topic. These studies gdliyeuse the gender of the head of
household as the main explanatory variable to ifjettte gender gap. The common
assumptions of these research efforts are tham#mabers of a given household do not
necessarily differ in their sex, age, productivpamty and/or personality profiles; that
information is shared symmetrically between cooppeza individuals; and that
differences in the quantity and quality of land amsh-land inputs used by different
individuals within or across study households agligible (Schultz, 2001; Peterman et
al.,, 2011). The extent to which these assumptioesvalid in a given sub-Saharan
African setting depends on (i) the complexity ofmfhal structures, including
monogamous, polygamous, skipped-generation, andti-garieration households
(Peterman et al., 2011), and (ii) the persisterfaggbts and obligations that affect men
and women differently and that are underscored ibjodical differences, social and
religious norms, and customs that jointly dictdte tlivision of labor, land, and proceeds

from production units (Saito et al., 1994).
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A considerable majority of the studies of the secstmand of the literature on the
gender gap in sub-Saharan Africa originate from WdBca, specifically from Ghana
and Burkina Faso, where it is common for househtddsave several agricultural plots
and for male and female plot managers to coexisstudy households. This allows
authors to control for unobserved time-invariant$ehold-crop-level heterogeneity in a
multivariate regression framework and to estimaecaltural production functions for
plots cultivated with the same crop, managed oremiMoy men and women in the same
household. As such, they have evolved to be thet imfilsential studies on gender
differences in agricultural productivity in sub-Saan Africa, documenting the potential
Pareto-inefficient nature of within-household adtion of productive resources. The
gender gap is typically identified by the magnitualed statistical significance of the

regression coefficient associated with the genéléteoplot manager/owner.

The evidence from the second strand indicatesithsdme contexts, descriptive
mean differences in agricultural productivity acgdots owned/managed by males vs.
females continue to be large and statistically ifigant in multivariate analyses that
control for differences in input use (Saito et 24094 for Nigeria; Udry, 1996 for Burkina
Faso; Quisumbing et al., 2001 for Ghana; Peterntal. 2011 for Uganda), while in
other contexts, the gender gap ceases to be isttistsignificant once the researcher

controls for differential utilization of productivamputs (Saito et al., 1994 for Kenya;
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Gilbert et al., 2002 for Malawi; Akresh, 2005 fouiBina Faso; Goldstein and Udry,

2008 for Ghanaj.

A common limitation of these studies is the rel@ran data that are at best
regionally-representative in terms of populatiomayics (with the exception of Akresh,
2005), whereby results have limited external vafidieyond the study area, within or
across countries. For instance, Akresh (2005) ans¢i®nally-representative data from
Burkina Faso, and while he is able to replicatefthéings of Udry (1996) by focusing
on a subset of villages that are in close proxinotyhe areas underlying Udry’s analysis,
Akresh cannot recover the same relationships basede data collected in other parts of
the country. This discrepancy highlights the impode of revisiting the body of

evidence on the gender gap in sub-Saharan Afriassing nationally-representative data.

Another limitation observed in the second strandhef relevant literature is the
disproportionate focus on West Africa. It is im@ort to investigate the extent and
correlates of the gender gap in alternative suta@ahAfrican settings with different sets
of rights and obligations that differently affettetdistribution of productive resources
across men and women. Finally, in the case of ecapirstudies that document
statistically insignificant differences in agriaudél productivity between female-
managed and male-managed plots, conditional onlglet observable and household-

level unobservable attributes, the analytical framodk is not set up to isolate relative

° See Peterman et al. (2011) for a succinct reviethemain findings of the studies cited here. Qutyry
(1996), Quisumbing et al. (2001), Akresh (2005)]dstein and Udry (2008), and Peterman et al. (2011)
conduct within-household analysis.
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contributions of relevant attributes towards theseslied gender gap for the purpose of

prioritizing areas for policy interventions.

3 Malawi: Agricutural Productivity and Gender

3.1 The Country ConteXt

Malawi is a small, population-dense, land-lockedrtoy in Southern Africa, with
94,080 square kilometers of land. The 2010 mid-yegulation projection and annual
population growth rate stand at 14.5 million pessand 3.25 percent, respectively, and
85 percent of the population reside in rural af®0, 2012). Agriculture is not only the
backbone of Malawi’s economy but also an essepaat of its social fabric. The sector
accounts for 30 percent of the Gross Domestic Rtod@GDP), and 84 percent of
Malawian households own and/or cultivate fdndThe production system is
overwhelmingly rainfed, characterized by limitedc@ss to irrigation and diminishing
average land holding sizes due to population pressurhe rainfall is unimodal, and
maize is the main staple crop, grown by nearly péfcent of the farming household

population®?

1 Unless otherwise stated, the statistics reported Section 3.1 originate from

data.worldbank.org/country/Malawi.

' The GDP contribution of agriculture is for 201heTestimate of the percentage of Malawian housshold
owning and/or cultivating land is based on the d@hitegrated Household Survey (IHS3) data.

2 The estimate is based on the IHS3 data.
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Over the last two decades, agricultural produgtj\ais measured by maize yields
(kilogram/hectare), has been erratic, as showngarg 1. The factors that are commonly
cited as underlying the agricultural productivitsertd include weather variability,
declining soll fertility, limited use of improvedydcultural technologies and sustainable
land management practices, rationed agriculturidnston services, market failures, and
underdeveloped and poorly maintained infrastruc(Werld Bank, 2007). The majority
of the farming households still practice subsistemgriculture: the rates of market
participation among farming households in genenal maize-producing households in
particular are 42 and 15 percent, respectiveljhe inconsistent agricultural performance
has direct implications for living standards, givéie predominantly rural nature of the

country and its heavy reliance on agriculture.

Poverty remains widespread and persistent, paatiguamong female headed
households. Based on the data from the SecondrétéeHousehold Survey (IHS2)
2004/05 and the Third Integrated Household SurviéiS3) 2010/11, the national
absolute poverty rate of 52.4 percent in 2004/08iied only marginally to 50.7 percent
in 2010/11. The trends in rural poverty followedimilar pattern: a rate of 55.9 percent
in 2004/05 vs. 56.6 percent in 20104 Focusing on the gender dimensions of poverty,
while the absolute poverty rate among male-headmdséholds was estimated at 49
percent in 2010/11, the comparable figure amongaferheaded households was 57

percent. In an effort to combat poverty and boagional food security, the Malawian

3 The estimate is based on the IHS3 data.
* The difference between the IHS2 and the IHS3 natimbsolute poverty rates is not statistically
significant. The IHS3 rural poverty rate is alsatistically indistinguishable from its IHS2 courgart.

109



Government has embarked on an ambitious annudiziertand seed subsidy program
known as the Farm Input Subsidy Program (FISPitistawith the 2005/06 agricultural
season. During the 2009/10 agricultural seasonr@fezence agricultural season for over
75 percent of our sample), close to 50 percenteffarming household population is
estimated to have participated in the progfarBtagnant poverty levels raise questions
on the effectiveness of the FISP in alleviatinggrty and food insecurity in a sustainable

fashion, which should be subject to further empirinvestigation'?

3.2 Data

This study uses data from the Third Integrated ldbakl Survey (IHS3),
collected from March 2010 to March 2011 by the Mal&lational Statistical Office,
with support from the World Bank Living Standarde&$urement Study - Integrated

Surveys on Agriculture (LSMS-ISA) projett.The IHS3 data were collected within a

!> The exchange rate for the IHS3 period is MK150S$W. During the 2009/10 agricultural season, each
FISP beneficiary was entitled to vouchers thatvedid them to purchase (i) two 50 kilogram bags oizma
fertilizer at 500 Malawi Kwacha (MK) per bag, (@)ther 3 kilograms of hybrid maize seed or 10 kitogs

of open-pollinated variety maize seed for the conuiaé market value net of the 1500 MK subsidy from
the Government, (iii) 200 grams of storage pestidior 100 MK, and (iv) 1 kilogram of legume seed
(groundnuts, soybeans, beans and pigeon peasgérpon the allocation of vouchers across theiclis
and the villages within each district, the prograelies on community-based targeting to identify
beneficiaries at the local-level, and is supposedarget households that are (i) resource pooy, (ii
permanent village residents, and (iii) own andicate land, with preference given to heads of hbakks
that may be female, orphan, elderly, physicallylelmged, or HIV-positive or individuals that loolter

the elderly and physically-challenged (MoAFS, 2009)

16 Concerns regarding the effectiveness of FISP dugimg poverty and achieving sustainable gains in
maize production have been raised (Ricker-Gilbad dayne, 2011; Holden and Lunduka, 2010). More
recently, Ricker-Gilbert and Jayne (2012) focughlmquestion of whether FISP can simultaneouslysboo
maize production and reduce poverty, and docuntettmajor returns from subsidized fertilizer accrue
almost exclusively to households at the top of thaize production and value of total crop output
distributions.

" The IHS3 data and documentation are publicly atéél through the LSMS website
(www.worldbank.org/lsms).
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two-stage cluster sampling design, and are repta$en at the national, urban/rural,
regional, and district levels, covering 12,271 rehadds in 768 enumeration areas (EAS).
The IHS3 instruments included Household, AgricdtuFishery, and Community

Questionnaires.

All  sample households were administered the mafiie Household
Questionnaire that collected individual-disaggredainformation on demographics,
education, health, wage employment, nonfarm ensagranthropometrics, and control
of income from non-farm income sources, as wellas on housing, food consumption,
food and non-food expenditures, food security, ahalable and agricultural asset
ownership, among other topics. The sample houselibt were involved in agricultural
activities (through ownership and/or cultivationlahd, and/or ownership of livestock)
were administered the Agriculture Questionnairee Agriculture Questionnaire solicited
information on land areas, physical characteristi@sor and non-labor input use, and
crop cultivation and production at the plot levetparately for the reference rainy and
dry seasons? The data allow for agricultural production estigsat the plot level and
for the identification of the manager of the ploias well as household members that

owned® and/or worked on each plStHandheld global positioning system (GPS)-based

18 A plot was defined as a continuous piece of lamavbich a unique crop or a mixture of crops is gnow
under a uniform, consistent crop management systetrsplit by a path of more than one meter in kidt
Plot boundaries were defined in accordance wittctbps grown and the operator.
19 For each plot, the following question was askediemtify the primary decision maker/manager: “Who
in this household makes the decisions concerniogscto be planted, input use and the timing of girag
activities on this plot?” The questionnaire allowied identification of one manager per plot, on who
individual-level information could be recoveredrfrdhe Household Questionnaire.
% For each plot, the following question was askedtlemtify the plot owners: “Who owns this plot?” &h
guestion allowed up to 2 household members to beifspd as owners.
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locations and land areas of the plots were reconoeanitting us to link household- and

plot-level data to outside geographic informatigatem (GIS) databases.

The descriptive statistics and the results fromtésés of mean differences by the
gender of the plot manager are presented in Tabldd full sample consists of 16,372
plots, 26% of them managed by femde3able 1 clearly demonstrates the (unadjusted)
gender gap: the average gross value of output eetate, our proxy for agricultural
productivity, is 25% lower for the female-managéat gample?® The gender differences
in agricultural productivity are also evident inettomparison of the Kernel density
estimates of the log of gross value of output peatdre for male- and female-managed
plots, as displayed in Figure 2. The overwhelmingjamty of the differences in the
average values of the observable covariates atnads- vs. female-managed plots in

Table 1 are statistically significant at the 1 peclevel. For the purposes of the ensuing

2181 percent of the plots in our sample are repaxdze owned. Among the owned plots, 15 percene hav
joint ownership, of which the predominant form ialmfemale. The remaining 38 percent and 47 percent
of the owned plots are under sole male ownershipsate female ownership, respectively.
2 The IHS3 identified 18,917 plots that were reporie have been owned and/or cultivated during the
reference rainy season (2008/09 or 2009/10). 6&ts @re not considered for analysis since theyeldck
either GPS-based plot coordinates or GPS-basedapdat 1,314 plots are dropped since they arereithe
fallow or missing production information. 199 pla@se not included in the sample since unit valumgd
not be computed reliably for at least one of thapsrreported to be cultivated on the plot. 11 péimshot
have a manager identified and 67 plots have at t#@s missing value among the independent variaifles
interest. Finally, top and bottom 1 percent of disribution of the log of gross value of output pectare
are trimmed, corresponding to 336 plots. Theseusiamhs leave us with the final analysis sample6812
rainy season plots.
% The plot-level gross value of output in Malawi Ketia (MK) is calculated by first multiplying the
kilogram-equivalent quantity of production for eambp on a given plot by the median crop salesevpkr
kilogram within the corresponding EA, and then aggiting across values of crop production. The nmedia
crop sales value per kilogram is computed withia dorresponding EA only if at least 10 values are
available from the survey data. Otherwise, the aredirop sales value per kilogram is computed at a
higher level, in the order of traditional authorigistrict, region, and country. Our outcome vaeais
computed by normalizing plot-level gross value ofput with GPS-based cultivated plot area.
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discussion, we focus on the differences that atstitally significant at least at the 5

percent level.

The incidence of manager-head of household cornelpe is 99 percent for the
male-managed plot sample, while the analogoussstais 80 percent for the female-
managed plot sample. Female-managed plots areyenage, overseen by individuals
that are 5 years older and have 2 less years afoBng with respect to their male-
managed comparators. A significantly higher peragatof female-managed plots exhibit
manager-owner correspondence (77 vs. 58 percemt) 7&npercent of the female-
managed plot sample are exclusively female-owresttufing either a sole female owner
or dual female owners within the househ@idhe incidences of joint ownership and
exclusive-male ownership stand at 4 and 3 percespectively, among female-managed
plots. In comparison, male-managed plots are Higked more evenly across the
ownership categories of exclusive-male (43 percen}lusive-female (23 percent), and

joint male-female (15 percent).

Although the average GPS-based plot area is 0.8&ieg female-managed plots
are, on average, 12 percent smaller than their-maleaged counterparts. The use of
inorganic fertilizer is lower on female-managedtplovhether measured by incidence,
average unconditional amount per hectare, or aeecagditional amount per hectare.

These trends may signal gender differences in Fé&Bitizer voucher distribution and

%4 The overwhelming majority of the owned plots (& qent) are acquired through inheritance. Anotl2er 1
percent is reported to have been granted by lezaddrs. The remaining are acquired as bride p#ice (
percent), purchased with title (1 percent) and lpased without title (1 percent).
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redemption outcomes. In fact, the IHS3 data indgdhat even though female-headed
households are just as likely to receive a fedilizoucher as their male-headed
counterparts, conditional on receipt, teerage numbeof fertilizer vouchers that are
received among female-headed households (1.56)ver Ithan the analogous statistic for
male-headed households (1.63), and the differemc&tatistically significant at the 1
percent level. Similarly, conditional on receigtetaverage number of fertilizer vouchers
that are redeemedstands at 1.57 and 1.48 for male-headed and femealéed
households, respectively, and the difference ignagtatistically significant at the 1

percent levef®

In terms of household labor use, the dynamics eastidally different on female-
managed plotvis-a-vis their male-managed comparators, as can be sedable 1.
Although the average incidence, average unconditiamount, and average conditional
amount of household adult male labor input perdrecare significantly higher on male-
managed plots, the opposite is true concerningdimld adult female, household child,
and exchange labor use on female-managed Pldtse relatively higher household child
labor and exchange labor input on female-managets phight be possible responses to
being rationed out of household adult male labourtfermore, Table 1 shows

statistically different cultivation patterns by gkam of the plot manager, with female-

% The factors behind this pattern are being invesgig further as part of a parallel research prograrthe
FISP beneficiary targeting performance and prodgitgtimpacts.
% Adult is defined as being at least 15 years of age plot-level measures of household adult meadelt
female, and child labor input are the summationsagfy season labor hours across household members
reported to have worked on a given plot. Individizddor input is computed as the multiplication bé t
number of weeks a household member worked on agile during the reference rainy season, the afpic
number of days worked per week during the repontetiber of weeks, and the typical number of hours
worked per day during the reported number of wegke plot-level measure of hired labor (exchange)
input is the sum of aggregate men, women, and tiiétl (exchange) labor days.
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managed plots exhibiting a higher incidence ofrorgpping and male-managed plots
recording, on average, higher shares of plot ajam(er improved seeds (mainly maize,
complemented by groundnuts and rice) and (ii) unelgrort crops (mainly tobacco,

complemented by cotton). Female-managed plotslaoedapercentage points less likely
to be associated with households that receive @gral extension service on topics that
relate to crop production and marketing. Lastlylemaanaged plots are, on average,
more likely to be associated with households witthér levels of wealth and access to

agricultural implement$’

Table 2 presents the naive plot-level regressisnlt® on the gender gap, where
the dependent variable is the log of gross valuewput per hectare. The findings
presented in columns 1, 2 and 3 originate fromaggjons that, in addition to the dummy
variable on female plot management, control ontyaigro-ecological zone, regional, and
district fixed-effects, respectively. The gendep g@stimates range from 22 to 25 percent.
These results indicate a statistically and econaliyitarge difference between male and

female farmers. In what follows, we seek to underd the factors associated with this

gap.

2" The household wealth index is constructed usirigcial component analysis, and takes into account
the number of rooms in the dwelling, a set of dumwayiables accounting for the ownership of (i)
dwelling, (ii) mortar, (ii) bed, (iii) table, (ivkhair, (v) fan, (vi) radio, (vii) tape/CD playenii{) TV/VCR,
(ix) sewing machine, (x) paraffin/ kerosene/ eliettigas stove, (xi) refrigerator, (xii) bicycle, iifx
car/motorcycle/minibus/lorry, (xiv) beer brewingudn, (xv) sofa, (xvi) coffee table, (xvii) cupboagayiii)
lantern, (xix) clock, (xx) iron, (xxi) computer, X)) fixed phone line, (xxiii) cell phone, (xxiv)asellite
dish, (xxv) air-conditioner, (xxvi) washing machjrigxvii) generator, (xxviii) solar panel, (xxix)edk, and
a vector of dummy variables capturing access tadwgd (i) outer walls, (ii) roof, (iii) floor, (iv)}oilet,
and (v) water source. The household agriculturglément access index is also computed using pahcip
components analysis, and covers a range of dumngblas on the ownership of (i) hand hoe, (iisbler,
(iii) axe, (iv) sprayer, (v) panga knife, (vi) slek (vii) treadle pump, (viii) watering can, (ixx@art, (x) ox
plough, (xi) tractor, (xii) tractor plough, (xiifjdger, (xiv) cultivator, (xv) generator, (xvi) marized pump,
(xvii) grain mail, (xviii) chicken house, (xix) lestock kraal, (xx) poultry kraal, (xxi) storage Beu (xxii)
granary, (xxiii) barn, and (xxiv) pig sty.
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Table 3 provides an additional estimate of the gewgap, but now conditional on
additional covariates commonly found in the literat(Peterman et al., 2011). Column 1
presents the results from a pooled regression ittcdides both male- and female-
managed plots. Once we control for key factorsrofipction, the gender gap is reduced
to 4.5 percent and is now statistically significanty at the 10 percent level. In the end,
this type of analysis does not allow us to delvepae into the process that underlies the
movement from the unconditional gender gap of Zrcent to the conditional gender
gap of 4.5 percent. In the following section, w@lsia decomposition approach that will
allow us to unpack the relative contributions dfetent factors towards this gap and to

suggest priority areas for policy interventions.

4 Mean Decomposition Methodology

Regression-based decomposition methods have bedelywitilized in labor
economics following the seminal papers of Oaxa®q8) and Blinder (1973), notably as
part of the analyses of the gender wage gap, umiage gap, and growing wage
inequality (O’Neill & O’Neill, 2006, Fortin, 2006)Despite the extensive use of Oaxaca-
Blinder regression-based mean decomposition ampplied economists over the last
three decades and the advances that have beentma&déend the application to the
decomposition of distributional statistics besities mean, the questions attempted to be

addressed by the method require a strong set ofrg®ns (Fortin et. al., 2011).
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In particular, these methods follow a partial edpibm approach, where
observed outcomes for one group can be used totraonhsvarious counterfactual
scenarios for the other group (Fortin et. al., 20Mnother limitation is that while
decompositions are useful for quantifying, purelyan accounting sense, the contribution
of various factors to a difference in an outcomes& groups or a change in an outcome
for a particular group over time, they are basedcomelations, and hence cannot be
interpreted as estimates of underlying causal patens (Fortin et. al., 2011). However,
decomposition methods do document the relative tifatime importance of factors in
explaining an observed gap, thus suggesting paerior further analysis and, ultimately,

policy interventions (Fortin et. al., 2011).

To document the extent and drivers of the gendprigdalawi, we first rely on
an Oaxaca-Blinder regression-based mean decompushi/e assume the log of an
agricultural productivity measure (Y), namely grosslue of agricultural output per

hectare, for male- (M) and female- (F) managedspistimated as:

(1) Y = Bgo + 2k=1Xcx'Ber + ¢

whereG indicates the gender of the plot managéris a vector of k observable, plot-,
household- and/or community-level explanatory \Ja@gs; s is the associated vector of
intercept and slope coefficients; and the error term under the assumption thay JE€

E(EF) =0.
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Thegender gap'D” is expressed as the mean outcome difference:

(2) D =EMy) — E(Yp).

Equations (1) and (2) imply that:

(3) E(Yu) = E(Bmo + Xii=1 XmiBur + €m) = Bumo + k=1 E Xni) Buc

(4) E(Yg) = E(Bro + Xk=1 XrkBrr + €r) = Bro + Zk=1 E(Xri) Brk

and, Equation (2) could be rewritten as:

(5) D = E(Yu) — E(Yr) = Buo + Zk=1 EXmi) Bk — Bro — Zike1 E(Xrw) Brc -

Subsequently, we defing as the vector of coefficients that is obtainedrira
regression of Y that is based on the pooled plohpta and includes the group
membership identifier, i.e. a dummy variable idgimg female-managed plots. The
inclusion of the group membership indicator in guoled regression for the estimation
of f* takes into account the possibility that the meiffergnce in plot-level productivity
measure is explained by gender of the plot manayeiding a possible distortion of the
decomposition results due to the residual grouferdince reflected ig* (Jann, 2008).

Rearranging Equation (5) by adding and subtradiintdpe slope coefficient of the pooled
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regressionff;), and (ii) the return to the observable covariatesaifth group valued at

S* (XurPr and Xp Br), we obtain:

(6)

K
D= Z[E(XMk>—E<XFk>]ﬁ; +
k=1

Component 1: Endowment Ef fect

K K
Bow = B + D ) B = B + (B = Bor) + ) [ECXs) B = i)
k=1 k=1

Male Structural Advantage Female Structural Disadvantage

Component 2: Structure Ef fect

where Buo, Bro, Bor Bmi Bri Br (k=1....K) are the estimated intercept and slope
coefficients of each covariate included in the esgions for the male-managed, female-

managed and pooled plot samples.

Equation (6) is known as tleggregate decompositioiihe first component is the
endowment effecte. the portion of the gender gap that is ex@diby differences in the
levels of observable covariates between both grolipis simply the sum across all
covariates, of the differences by group, valuetthatcorresponding “average” return. The
second component is tretructure effecgti.e. the portion of the gender gap driven by
deviations of each group’s return from the corresjing “average” return. The first term

of the structure effect(Boy — o) + XX_1[E(Xui) (Bur — Br] represents themale
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structural advantagewhich is equal to the portion of the gender gapoanted for by
deviations of male regression coefficients fromlpdacounterparts. The second term of
the structure effect(Bg — Bor) + Xh_1[E (Xrx) (Brr — Bi] represents thefemale
structural disadvantagewhich is equal to the portion of the gender gajpveth by

deviations of pooled regression coefficients freméle counterparfs.

In practice, we estimate equation 1 for (i) maleaged plots, (i) female-
managed plots, and (iii) the pooled plot sampletiva dummy variable identifying
female-managed plots), and use the resulting veatocoefficientspu, Pr, and f’,
together with the mean values for each covariatef&eh group ¥ and % to compute
the components of equation (6). Moving beyond tlygregate decomposition, the
detailed decomposition involves subdividing the@@mohent and structure effects into the
respective contributions of each observable cotegrighich correspond to the variable-

specific subcomponents of the summations includextjuation (6).

Fortin et al. (2011) present a detailed accounthef assumptions required to
identify the population parameters of interest. Tamacial assumptions for the validity of
aggregate decomposition are (i) overlapping supaod (ii) ignorability. Overlapping

supportimplies that no single value of = x or ¢ = e exists to identify female plot

% The use of the term “disadvantage” is tied to ssequent section’s discussion of the regression
coefficients estimated from the pooled, male-madaged female-managed plot samples. With respect to
their counterparts estimated from the pooled plohgle, the regression coefficients from the female-
managed plot sample that are expected to be pesitid that are associated with key factors of prooiu
are consistently positive but lower in absolutengrConversely, the use of the term “advantagéhlied
to the same set of regression coefficients beigéri in the male-managed plot sample with respect t
those from the pooled plot sample.
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managementignorability refers to the random assignment of female plot mament
conditional on observable attributes. The additiessential assumptions required by
detailed decomposition to identify the individuaintribution of each covariate include
additive linearityandzero conditional mearThe latter implies thatis independent oX.

In other words, we assume that there is no unobb&rvheterogeneity that jointly
determines the outcome and observable attributeshduld be noted that even if the
additional assumptions required by detailed decaitipo may not hold true, aggregate
decomposition would remain valid as long as ovguiag support and ignorability

assumptions are tenable.

In exploring the existence and extent of the gengap in a multivariate
framework, the validity of findings largely depend the plausibility of ignorability and
zero conditional mean assumptions, i.e. the exienwhich the identification strategy
addresses possible unobservable household-/plett-ldweterogeneity that jointly
determines plot agricultural productivity and olvsdrle covariates, including whether a
plot is managed by a female. While the most rigerstudies on the gender gap recognize
the need for an instrumental variable strategy ¢al dvith potentially endogenous
observables, recovering instrumental variables thegdict endogenous covariates
without directly influencing the outcome is ofteotipossible. A subset of the studies that
are reviewed in Section 2 and that feature plogll@nalyses have attempted to address
the potential bias by controlling for direct measiof plot soil quality and household-
crop fixed effects. With panel data, time fixedeets have also been included in the

specifications.
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Furthermore, to deal with the possibility that thale and female plots might be
physically systematically different from each otlaong the dimensions that are finer
than the observable variations in soil physicatasfructure and quality, an alternative
identification strategy has been to rely on a spditked effects estimator that allows for
local neighborhood effect in unobserved land qualiat could be correlated with the
gender of plot manager and the other regressoesspétial fixed effects are differenced
out by modeling the difference between the plotlesutcome and the average of the
outcome across plots from other households withanitecal distance as a function of a
vector of plot-/household-level variables that drferenced from their matched plot-
/household-level neighborhood averages (see Gatdatel Udry (2008) for an example

of this).

We lack, in our case, plot-level measures of sodligy, and the nature of farm
organization as captured in the IHS3 data doesahoiv us to feature household fixed
effects as a central piece of our empirical stnatebhe average number of plots
cultivated by Malawian farming households is 1.&gnificantly less than the
comparable statistics from West African settingst thave largely informed the analysis
of the gender gap in sub-Saharan Africa thus fdre Tanagers identified across
agricultural plots cultivated by a given househal$o correspond to the head of
household in an overwhelming sample of househdiatsreport to be cultivating multiple
plots. Specifically, there are only 109 househalt@g cultivate multiple plots and exhibit
within-household variation in terms of the gendethe plot managers, corresponding to

1.7 percent of our plot sample. Nevertheless, wagdt to lend as much support to the
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overlapping support, ignorability, and zero coratial mean assumptions as possible by
relying on all available data and econometric meshat our disposal. These sensitivity

analyses are presented later in Section 5.3.

5 Mean Decomposition Results

The first step in the mean decomposition is tharegion of equation (1). This is
done separately for the pooled, male-managed andléemanaged plot samples, and the

results reported in Table 3, Columns 1, 2 andsheetively.

We find that the log of GPS-based plot area haggative coefficient that is
statistically significant at the 1 percent level @ach plot sample. This finding is
consistent with recent studies that have investtjand provided support for the inverse
yield hypothesis (see Larson et al., 2012 and¢herences cited therein). A key variable
that is positively associated with the log of greakie of output per hectare, irrespective
of the plot sample, is the log of inorganic ferdr use per hectare. However, the return to
inorganic fertilizer use (i.e. the coefficient) legher within the male-managed plot
sample in comparison to the female-managed plotpEamand this difference is

statistically significant.

The log of household adult male labor hours pertdrechas a sizeable and
positive coefficient that is statistically signiict at the 1 percent level within the male-

managed plot sample, while the comparable estiwitan the female-managed plot
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sample is not statistically significant. In contrabe log of household adult female labor
hours per hectare has a positive and statisticidjgificant coefficient across both plot
samples, albeit a larger effect, in terms of bo#gnitude and statistical significance,

among female-managed plots.

The coefficients for the shares of plot area umaroved seeds and under export
crops have sizably positive and statistically digant coefficients at the 1 percent level
across all plot samples of interest. Converselg, ¢hild dependency ratio, which is
defined as the number of household members belevagle of 10 divided by the number
of household members aged 10 years and above, babstantial negative coefficient
that is statistically significant at the 1 percével only within the female-managed plot
sample. The comparable statistics for the pooletimaale-managed plot samples are not

statistically significant.

In addition, although household size has a positivefficient that is statistically
significant irrespective of the plot sample, thegméude of the coefficient within the
female-managed plot sample is three times largen thithin the male-managed plot
sample. The gender differences in returns to haldedize and child dependency ratio
imply that the burden of childcare is more likelg teduce female agricultural

productivity.

The decomposition of the mean gender gap, whidstisnated at 25.4 percent, is

presented in Table 4. Panel B presents the aggregabmposition components, namely
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the endowment effect, the male structural advantaged the female structural
disadvantage. Panel C includes the results frondétailed decomposition, whereby a
positive coefficient suggests that the relevant aciate contributes positively to

increasing the gender gap.

5.1 Aggregate Decomposition

The aggregate decomposition indicates that the vem#mt effect (20.9
percentage points), i.e. the portion of the gergbgy driven by gender differences in
levels of observable attributes, accounts for 82qrg of the mean gender differential in
agricultural productivity. The female structuralsadvantage is estimated at 4.5
percentage points, explaining the remaining 18gquerof the gender gap. The aggregate
decomposition reinforces the notion that large sigdificant gender disparities in access

to inputs and in asset ownership are central fadiehind the gender gap.

5.2 Detailed Decomposition

The detailed decomposition of the endowment effeotported in Table 4, Panel
C, Column 1. As noted above, the estimates arenatitn of the mean differences
reported in Table 1 by the gender of the plot managnd the pooled regression
coefficients reported in Table 3. The percentagetrdmutions that are noted below

should be understood as correlations, rather thasat parameters, and are obtained by
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dividing the coefficient in question either by tkadowment effect (0.209) or by the

gender gap (0.254).

In Section 3.2, we noted that male-managed plotsl ttv be overseen by
individuals that have higher years of schooling amdo originate from larger and
wealthier households that access agricultural sxi@nmore frequently. Male-managed
plots also exhibit higher (i) incidence of pesteidse, (ii) inorganic fertilizer use per
hectare, (iii) household adult male labor input pectare, (iv) share of plot area under
improved seeds, and (v) share of plot area undgoréexrops. In view of the positive
correlation with these covariates and agricultpralductivity, we find these variables to
be contributing positively towards the endowmerieaf thereby widening the gender
gap. Conversely, the higher rate of household afuitale labor and exchange labor
provision within the female-managed plot samplewadl as the positive association
between these covariates and agricultural prodtctimply that these variables
contribute negatively towards the endowment effeefjce working to close the gender
gap. The smaller plot areas farmed by female maragjso appear to be a contributing
factor in shrinking the gender gap given that ieséhdata, there is an inverse relationship

between cultivated plot area and agricultural pobitity.

The factors that comprise the majority of the ench@nt effect are the log of
household adult male labor hours per hectare aadshiare of plot area under export
crops. The covariates explain 46 percent and 46eperof the endowment effect, and

account for 38 percent and 33 percent of the gegder respectively. The positive
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contributions of the other covariates towards theéog&vment effect (and the gender gap in
parenthesis) are as follows: (i) 14 percent (1lcem) for the household agricultural

implement access index, (ii) 9 percent (7 percémtihe household wealth index, (iii) 8

percent (6 percent) for manager years of school(iny8 percent (6 percent) for the log

of plot inorganic fertilizer use per hectare, (vpércent (5 percent) for household size,
and (vi) 2 percent (2 percent) for share of pl@aannder improved seeds. The negative
contributions of the aforementioned covariates towahe endowment effect (and the
gender gap in parenthesis) are as follows: (i) @¢ent (20 percent) for the log of GPS-
based plot area and its squared term combined fi@rcent for logged household female
adult labor hours per hectare, and (iii) 2 per¢2mercent) for the log of exchange labor

days per hectare.

The detailed decompositions of the male structadhtantage and the female
structural disadvantage are presented in Columasd 3 of Table 4, Panel C. The
coefficients that are large and statistically digant signal differential treatments of
male vs. female plot manager by markets, formatitui®ns, and informal social
institutions. Findings related to inorganic feddr use, plot measures of household adult
male and adult female labor provision, househate,sand child dependency ratio are

noteworthy.

First, it is not only the differences in the inonga fertilizer endowment that
contribute to the gender gap, but also the relptihegher return to inorganic fertilizer

among the male-managed plots in comparison to teeiale-managed counterparts. The
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same applies to the log of household adult malerlaburs per hectare. The underlying
causes of this finding are the subject of futuseeagch but may indicate household adult

male labor supervision difficulties on female-magad@lots.

The fact that household adult male labor inputsisoaiated with a wider gender
gap is, however, partially offset by the highewuras that household adult female labor
provides on female-managed plots. Regarding thiel d@pendency ratio, although the
contribution of this factor towards the endowmeifea is zero, its contribution towards
the female structural disadvantage is large andipesdriven by the sizeable and highly
significant negative association between this \eiand agricultural productivity solely
within the female-managed plot sample. This reshighlights the differential
productivity impacts of heterogeneous householésradssumed by male and female
managers. Since female managers, who are justkaly lio be household heads or
spouses, are more likely to combine farm managemveghthousehold duties, including

child care, their pattern of time use is directiated to their low productivity outcomes.

5.3 Sensitivity Analyses

As noted earlier, the crucial assumptions for tredidity of the aggregate
decomposition include overlapping support and ightity. The key assumptions
additionally required by the detailed decompositiare additive linearity and zero
conditional mean. A methodology that is proposednblyens and Rubin (2009) to assess

the feasibility of the overlapping support assumptiis centered on the idea of
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calculating a scale-free normalized difference éach covariate. They assert that the
overlapping support across the groups of interesbur case female- vs. male-managed
plots, is adequate if the scale-free normalizetehces across the covariates are less
than 0.25. Table H.1 in Appendix H presents théesttae normalized difference of the
variables used in the regressions. Only 2 out ofirfependent variables have a

normalized difference greater than 0.25.

In trying to lend support to ignorability and zeronditional mean assumptions,
we use all available data and econometric toolsuatdisposal, and first rely on an
empirical approach that was pioneered by Altor§i8§8), Murphy and Topel (1990), and
Altonji et al. (2005), based on the idea that tmeoant of selection on observable
variables provides a guide to the extent of selactin unobservable counterparts. We
use an informal version of the methodology applisdAcemoglu et al. (2001) and
Altonji et al. (2005), and incorporate into our éaspecification, in a phased-in fashion,
thematically-grouped control variables such thatheeegression is estimated with a
different set of additional independent variabled that the results are compared to those
from the base specification. Our purpose is to gahg stability of the key regression
coefficients that underlie our decomposition result the coefficients on the covariates
included in the base specification, including teenéle plot management dummy in the
pooled regression, are stable subsequent to tleepioi@tion of additional covariates,
they are less likely to change if we are able teetmto account potentially missing

omitted variables.
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To perform this analysis, we consider the followsggs of variables: (i) district
fixed effects, (ii) plot geospatial characteristicdormed by GIS data, (iii) other plot
characteristics solicited by the IHS3, (iv) addiab household characteristics, and (v)
additional community characteristics. Table H.2Appendix H includes the detailed list
of the variables included in each set. Tables H.8,and H.5 present the base regression
results and the estimates from the regressionsidimg the additional controls for the
pooled, male-managed, and female-managed plot sampltespectively. An
overwhelming majority of the coefficients, with pegt to the base specification, are
stable across the specifications and the plot sssnphnd do not change sign or
significance. This suggests that the assumptiomgnairability and zero conditional mean

might not be unfounded.

As part of the sensitivity analyses, we also cohadwe analysis on the subset of
plot observations from households in which male femdale plot managers coexist. The
size of this sample is 292 plots (approximatelyefcpnt of our sample) originating from
109 households. The concern motivating this analigsthat there might be unobserved
household characteristics that might jointly deteeproductivity outcomes and within-
household assignment of plots to managers, which lmeabiasing our estimates. Table
H.6 in Appendix H presents the results from pooledyressions that use the
aforementioned sample of 292 plots, and that anepened with the estimates from the
base regression that is informed by the entire ggbcglample (Column 1). Column 2
includes the coefficient estimates from a regressibat is identical to the base

specification but is estimated using the reduced ghmple, and Column 3 presents the
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findings from a regression that is fit among themeasample of plots but with household

fixed effects incorporated in the base specificatio

Although the coefficients associated with femalet phanagement in Columns 2
and 3 are not statistically significant (likely due the small sample), they are
economically relevant, with values of 6.6 percend all.4 percent, respectively.
Furthermore, Table H.7 in Appendix H presents theothposition of the mean gender
gap using the sample of 292 plots, but informedhgyregression set-up that is identical
to the base specification. The mean gender gapgusleto 27.4 percent, and the
differential is mostly explained by the endowmefie&s of the inorganic fertilizer use
and the share of plot area under export crops. eTlmesults are consistent with the

findings presented earlier.

Finally, we replicate the entire analysis by usihg plots cultivated with maize
and the log of maize production per hectare as lemnative proxy for agricultural
productivity. These results are available upon estand are strongly in line with the
findings reported thus far. As shown in Column 1Table 5, the gender gap in maize
yields is equal to 22.4 percent, and approximatdiee-quarters of the observed
differential are driven by the endowment effecte ®milarity of the results supports the
hypothesis that the independent variables in oge lspecification that uses the log of
plot-level gross value of output per hectare asdgygendent variable capture the possible

bias that unobserved technology choice parametaysotherwise cause.
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6 Recentered Influence Function (RIF) Decomposition

Our decomposition findings suggest that more tHapécent of the mean gender
gap is explained by differences in observable dates, and the direct pay-off to
addressing market and institutional failures tHé#ch men and women differentially is
economically significant. While it is important $how this with nationally-representative
data, going beyond the “average” farmer and undedshg the heterogeneityin
constraints faced by farmers with different genaled productivity profiles is crucial for
the design and implementation of better targetézhwentions aimed at bridging the gap.
An important question is whether our findings, whare based on the sample means, are

robust to the decomposition of alternative distiidmal statistics beyond the mean.

A method that is similar in spirit to the mean daposition uses the recentered
influence function (RIF) regressions proposed bgpd-iet al. (2009) and provides a
straightforward framework within which across-grodifferences in any distributional
statistic could be decomposed. We rely on the Ri¢othposition to provide estimates of
the aggregate and detailed decomposition of theegegap at different percentiles of the

agricultural productivity distribution.

A RIF regression is similar to a standard OLS rsgi@n, except that the
dependent variable, Y, is replaced by the RIF efdistributional statistic of interest. The
approach assumes that the conditional expectafitme®IF (Y; v) can be modeled as a

linear function of observable attributeX, such thatE[RIF(Y;v)|X] = Xy, as in the
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mean decomposition. Assuming tHat(y; v) is the influence function corresponding to
an observed productivity outcome for the distributional statistio(F,), the RIF is

defined as:

(7) RIF(y;v) = v(Fy) + IF(y; v).

In the case of quantiles, the influence functioadgsal to:

_ _ (T-1{r=er})
(8) IF(Y; Qr) fr@r)

wherel{Y < Q;} is an indicator function equal to 1 if the valdettee outcome variable
is smaller than or equal to the quantde and O otherwisef, (Q) is the density of the
marginal distribution ofY, and Qr is the population T-quantile of thenconditional

distribution ofY. Consequently,

(9) RIF(Y; QT) =0Qr+ IF(Y; QT)-

In practice, the RIF is first estimated as a funtinf the sample quantil@r (e.g.
the 18" percentile), the dummy variable identifying whettiee observed outcom¥, is
smaller than or equal to the sample quantile, dmed density estimated using kernel
methods at the point of the sample quantile. Instmnd stage, the estimated RIF is used

as a dependent variable in an OLS regressiondhaniseparately for the male-managed,
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female-managed and pooled plot samples. The neguyirametergy, y= andy replace
the # counterparts in Equation (6) and are used togethitr the group-specific mean
values for each covariat&y and Xg, to perform aggregate and detailed decompositions
of any distributional statistic beyond the meanhimtthe framework provided in Section

4.

7 RIF Decomposition Results

7.1 RIF Aggregate Decomposition

Table 6 presents the gender gap estimates andgaggrBIF decompositions at
the mean, and at each decile of the agriculturadiyetivity distributio’®. The graphical
representation of these findings are reported gufé 3. The estimations are underlined
by RIF regressions that use the same set of indepérvariables included in the base

specification for the mean decomposition.

Two key findings emerge from Table 6. First, theneates of the gender gap and
the share of the gender gap attributed to femaletsiral disadvantage increase steadily
across the agricultural productivity distributioithile the gender gap is estimated at 25.4
and 23.3 percent at the mean and median, respgctiie estimates at the "t@nd 98

percentiles are 22.6 and 37.6 percent, respectivélg female structural disadvantage

# Table 5 presents the gender gap estimates andgaggrRIF decomposition at the mean and at each
decile of the maize yields distribution. The gengap in maize yields is estimated at 22.4 and pdrtent
at the mean and median respectively while the es#isnat the 10th and 90th percentiles are 22.2&#d
percent respectively. The structural effect accotmit 26.3 percent at the mean and 45.7 perceéhe&d’
percentile.
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component accounts for 17.7 percent of the gendprag the mean and 33.5 percent of

the gender gap at the"®percentile.

Second, the gender gap at the lowest three dedfilibge agricultural productivity
distribution is explained fully by differences inbservable covariates, with the
endowment effect still accounting for close to @gent of the gender gap at the median.
Given the trends in the female structural disadsgetcomponent, the percentage
contribution of the endowment effect toward the dgangap declines throughout and is

more of a dominant force in the first half of thstdbution.

7.2 RIF Detailed Decomposition

In the interest of brevity, we provide the detaiRtF decompositions at the 1,0
50" and 98" percentiles. The RIF regressions underlying thailbel decompositions are
reported in Tables H.8 through H.10 in AppendixThe key variables that will be the
subject of the RIF detailed decomposition discussie in line with those that have been
emphasized as part of the mean decomposition sestdhile this indicates that the
policies need to address these factors for all wontieeir relative importance in fact

changes across the distribution.

Before discussing the detailed decomposition resultdepth, we focus on the
graphical representations of RIF regression caefits for key explanatory variables

estimated separately within the pooled, male-mahagyed female-managed plot samples

135



at each decile of the agricultural productivitytdisution>® The trends in RIF regression
coefficients for (i) the log of household adult m#hbor, (ii) the share of plot area under
export crop cultivation, (iii) the log of inorganitertilizer use, and (iv) the child
dependency ratio are depicted in Figures 4A, 4BaAd 4D, respectively. We find that
the evolution of the returns to inorganic fertiliaese and the share of plot area under
export cultivated area are at odds with one anothibe coefficient associated with
inorganic fertilizer use declines steadily throughahe agricultural productivity
distribution, while the return to the share of pklea under export cultivation is
significantly higher at each decile. This resultdsotrue independent of the plot sample

in question.

Moreover, the distribution of returns to househdaddult male labor is
considerably different within the male-managed phinplevis-a-visits female-managed
counterpart. The return to household adult malerlaim female-managed plots declines
steadily and dips below zero starting with thd" P@rcentile. The coefficient of interest
is, conversely, always positive, and displays arsat evolution across the deciles
within the male-managed plot sample. The evolubbrhe coefficient associated with
household child dependency ratio among male-manageatso always positive across
the distribution, but negative at each decile wittie female-managed plot sample and is

highest, in absolute terms, at thé"g@rcentile.

% The decile-specific RIF regression results fothealot sample are available upon request.
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The detailed RIF decompositions at th&" 180", and 98' percentiles are reported
in Table 7' We observe that at the median, the decomposisocomparable to its
counterpart at the mean. The fact that females geasmaller plots reduces the gender
gap through its negative contribution to the endewtreffect across the majority of the
agricultural productivity distribution. At the firslecile, the log of plot area is associated
with a 32 percent reduction in the endowment effidcusehold adult female labor input
is the other key variable that is associated wegative contributions towards both the
endowment effect and the male structural advantaggonent at each decile. Although
the magnitude of the relationship between the bérizand the endowment effect
decreases in relative and absolute terms towareshipher end of the agricultural
productivity distribution, it remains economicallgignificant and indicates the
importance of household female adult labor in thetext of labor market failures and
insufficient household male adult labor. The surdinegative contributions towards the
male structural advantage components are drivetowgr returns to household adult

female labor on male-managed plois-a-vispooled and female-managed plots.

The log of inorganic fertilizer use per hectareassociated with positive but
decreasing contributions towards the endowmentefiéhe share of plot area cultivated

with improved seeds exhibits a similar trend. Addieg gender differences in access to

%1 To lend support towards the assumptions of igrititaland zero conditional mean associated with the
RIF decomposition, we follow the added-control agmh proposed by Altonji et al. (2005), and
implemented in Section 5.3 for the mean decompmositiTables H.11 through H.19 in the Appendix
present the results of the RIF regressions inctudire additional controls for the pooled, male-nugth
and female-managed plot samples for th8, BII" and 98 percentiles. We find that the coefficients are
largely stable in terms of magnitude, and do natnge sign or significance in response to additional
control variables that span five domains.
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inorganic fertilizer and improved seeds would, #iere, alleviate the gender gap mostly
within the first half of the productivity distribiain. The sustained increases in returns to
the share of plot area under export crop cultivat each decile of the agricultural
productivity distribution underlies, in contradtetsurge in the portion of the endowment
effect attributed to this variable. The share aftprea under export crop cultivation
accounts for 40 and 56 percent of the gender gathetl® and 98" percentile,
respectively. Diversification into high-value, exporiented agriculture among female
farmers, independent of productivity level, is,rdfere, a clear channel through which

large strides could be attained in closing the gegap.

Furthermore, household adult male labor input a& ot level contributes
differently toward the endowment and structure affat different points of the
agricultural productivity distribution. At the fOpercentile, its statistically significant
contribution towards the gender gap exists onlpugh the endowment effect, while at
the 9d’ percentile, its effect exists only through theusture effect. The gender gap
widening effect of being rationed out of househoidle labor is more pronounced for
female farmers in the first half of the agriculiupaoductivity distribution. At the upper
deciles of the agricultural productivity distribomi, the variable is associated with higher
gender gap instead through its contribution tow#nédsmale structural advantage and the
female structural disadvantage. While the undeglytauses of this pattern need to be
studied deeper, informal institutional constrainiacluding potential supervision

difficulties associated with household adult maédr on female-managed plots, that
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may lead to higher returns to household adult n@dder on male-managed plots could be

more binding for female farmers of high producinevels.

Finally, household wealth and access to agricultuin@lements are associated
with sustained, positive contributions towards #relowment effect at each decile of
interest. The latter finding marks the importantaaress to labor-saving technologies in
bridging the gap, especially since the farm dutdsfemale managers are usually
compounded by their duties at home. The sustaisdiye contributions of household
child dependency ratio towards the structure effdatoughout the productivity
distribution lends support to this argument, sinae, noted above, the relationship
between this variable and agricultural productivipn female-managed plots is

consistently negative.

8 Conclusion

This study offers a fresh look at gender differende sub-Saharan African
agricultural productivity, the alleviation of whidmave been advocated by governments
and international donor community as one of the dueyers of broad, agriculture-based
economic growth and ensuing gains in living stadda®©ur contribution to the literature
is to (i) apply decomposition techniques that idgrihe relative quantitative importance
of factors explaining the gender gap at the meah @her points of the agricultural
productivity distribution, and (ii) to use natiohatepresentative data, collected within a

multi-topic framework and with emphasis on agriatst
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While the gender gap in Malawi is estimated at Ziercent at the mean, it ranges
from 22.6 percent at the @@ercentile to 37.6 percent at thé"3gercentile. The findings
support the view that large and significant gendisparities in use of inputs and asset
ownership are the central factors behind the gegdey particularly in the first half of the
agricultural productivity distribution. At the meand the median, the differences in
observable covariates are associated with 82 andpé¢ent of the gender gap,
respectively. Above the median, the percentageritomion of the endowment effect
towards the gender gap declines steadily, wheretthea 8" and 98' deciles of the
distribution of agricultural productivity, the stiwre effect, which is driven by gender
differences in returns to factors of productionplains 30 and 34 percent of the gender

gap, respectively.

Higher levels of household adult male labor andaatsder export crop
cultivation on male-managed plots, in particulaiden the gender gap; a result that holds
true across the vast majority of the agriculturalductivity distribution. These disparities
appear to be compounded by gender differenceseratailability of time devoted to
productive activities, as negative returns to hboe child dependency ratio on female
managed plots are found to exacerbate the femaletwtal disadvantage component of
the gender gap at each decile of the agriculturadlyctivity distribution. In addition,
lower and declining returns to household adult nteb®r on female managed plefis-a-
vis male-managed comparators across the agricultuodluptivity distribution might be
suggestive of potential household adult male latgyervision difficulties on female-

managed plots. These mutually reinforcing constsagppear to generate a female
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productivity trap; as such, policies need to ptibel and target the key factors underlying

the gender gap.

Our study shows a number of factors that seem todipang the gender
differences in agricultural productivity in MalawiWhile we demonstrate that
diversification among female farmers into high-walagriculture (with appropriate
adoption support and risk mitigation mechanisms)l @ounteracting the effects of
household male labor shortages on female-managetd plith enhanced access to
inorganic fertilizer, improved seeds and labor-sgvagricultural implements could lead
to significant contractions in the gender gap atrdlse agricultural productivity
distribution, our analysis alone is not enoughnform effective policy interventions that
will ensure the realization of these outcomes. tirebpwords, while we can quantify the
relative contributions of various factors towartie tgender gap, we cannot determine
why inequalities in time use, access and returragtacultural inputs, and the like persist.
Although this limitation is inherent in the use ddécomposition methods, our empirical
approach identifies the key inequalities that vad the focus of our future research,
which will seek to map out their determinants imarto inform policy interventions
aimed at addressing the gender gap at its rod#alawi and other parts of sub-Saharan

Africa.
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Table 1: Descriptive Statistics & Results from Test & Mean Differences by Gender of the Plot Manager

Pooled Male-Managed Female-Managed Difference
Sample Plot Sample Plot Sample
:ome Variabl
Gross Value of Output (MK)/F
53,067 56,81( 42,47 14,334 ***
Manager Characteristit
ager & Owner Overlap 0.63 0.58 0.77 -0.19 ®*
(Years 42.97 41.59 46.89 -5.30 ***
s of Schoolir 5.06 5.67 3.33 233
ttionship to Household He
Head - 0.94 0.9¢ 0.8C 0.1¢  *x*
Wife/Husband t 0.05 0.01 0.19 -0.18  *x*
Child/Adopted Child 1 0.01 0.00 0.01 -0.01  *x*
Other Relative T 0.00 0.00 0.00 0.00 *
Non-Relative 1 0.00 0.00 0.00 0.00
Aree
-Based Plot Area (HA) 0.3¢ 0.41 0.3€ 0.05  *x*
Ownership Stati
usively Male Owned 0.33 0.43 0.04 0.39 ***
usively Female Ownec 0.36 0.23 0.75 -0.53  xx*
t MaleFemale Owned T 0.12 0.15 0.03 0.12  *x*
Owned 0.1¢ 0.1¢ 0.17 0.01
Nor-Labor Input Use
lence of Pesticide/Herbicide Us 0.02 0.02 0.01 0.01 ***
lence of Organic Fertilizer Us: 0.12 0.12 0.11 0.01
lence of Inorganic Fertilizer Ust 0.64 0.65 0.62 0.03 **
janic Fertilizer Use (KG)/H:
cnditional] 143.61 147.61 132.29 1533 **
janic Fertilizer Use (KG)/H/
\ditional 224.35 228.03 213.49 1454
Labor Input Us
lence of Household Male Labor Us 0.83 0.97 0.43 055 ***
sehold Male Labor Use (Hours)/ [Unconditional] 434.5¢ 526.8" 173.3. 353.5¢ e
sehold Male Labor Use (Hours)/HA [Conditiol 523.55 541.51 407.35 134.17 ***
lence of Household Female Labor U 0.95 0.94 0.98 20.04 ***
sehold Female Labor Use (Hours)/HA [Uncondéi¢ :
506.88 455.52 652.18 196.66 ***
sehold Female Labor Use (Hours)/HA [Conditi§ -
532.83 484.20 664.76 180.56 ***
lence of Household Child Labor Us 0.25 0.22 0.32 S0.10 ***
sehold Child Labor Use (Hours)/HA [Unconditidi 64.59 54.35 93.54 139,19 *x*
sehold Child Labor Use (Hours)/HA [Conditiot 261.13 245.86 290.83 _44.98 **x
lence of Hired Labor Use 0.23 0.24 0.23 0.01
d Labor Use (Days)/HA [Uncondition 6.46 6.33 6.83 -0.50
d Labor Use (Days)/HA [Condonal] 27.6¢ 26.8( 30.1¢ 338+
lence of Exchange Labor Us 0.10 0.09 0.12 S0.04 w*
1ange Labor Use (Days)/HA [Unconditiol 1.34 1.15 1.87 L0.72  wx
1ange Labor Use (Days)/HA [Conditior 14.06 13.52 15.10 158 **
Locatior
ation (M 928.38 946.02 878.46 67.56 ***
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Table 1 (Cont'd)

Pooled Male-Managed Female-Managed Difference
Sample Plot Sample Plot Sample
t Locatior
tance to Household (K} 2.17 2.29 1.85 0.44
t Cultivatior
rrcropped -
0.33 0.30 0.41 0.11
are of Plot Area Under Improved Se 0.38 0.39 0.35 0.04 ***
wre of Plot Area Under Export Cri 0.08 0.10 0.03 0.07 ***
Jsehold Farm Organizatic
mber of Plots Cultivate 2.26 2.34 2.03 0.31 ***
tivates..
1 Plot T 0.27 0.24 0.35 0.11 #***
2 Plots t 0.39 0.38 0.40 0.02
3 Plots - 0.2Z 0.2t 0.1¢€ 0.08  ***
4 Plots T 0.09 0.09 0.07 0.03 ***
5+ Plots 0.04 0.04 0.02 0.02 **
ler Household Characteristi
Jsehold Sie 4.9z 5.14 4.2¢ 0.85  ***
Id Dependency Rat -
0.69 0.68 0.71 0.03
icultural Extension Receipt 0.28 0.29 0.25 0.04 ***
sess to No-Farm Labor Income t 0.43 0.44 0.39 0.05 ***
:ess to No-Farm Non-Labor Income t 0.22 0.22 0.23 0.00
ath Index -0.63 -0.54 -0.89 0.35 ***
icultural Implement Access Ind 0.67 0.85 0.16 0.69 ***
tance to Nearest ADMARC (KNI -
8.03 8.02 8.07 0.04

Jsehold Agr-Ecological Zone Classification

pic-warm/semiarid T 0.4¢€ 0.4¢ 0.4¢€ 0.01
pic-warm/subhumid t -
0.30 0.28 0.35 0.07 ***

pic-cool/semiarid T 0.15 0.16 0.12 0.04 ***
pic-cool/subhumid T 0.07 0.07 0.05 0.03 ***
Jsehold Regional Locati
‘th 1 0.14 0.15 0.11 0.04 ***
atral - 0.46 0.49 0.38 0.10 ***
Ith - -
0.40 0.36 0.51 0.15 ***
servations 12,029 4343
16,372 (73.5%) (26.5%)

Note: The estimates are weighted in accordancethiltomplex survey design. ***/**/* indicate statical
significance at the 1/5/10 percent level, respebtividenotes a dummy variable.
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Table 2: Naive Regression Results on Gender Differees in Agricultural Productivity

Dependent Variable: Log[Plot Gross Value of OutvK)/HA)

@ &) ©)
Female Plot Management 1 -0.253*** -0.223*** -0.234***
(0.023) (0.023) (0.022)
Fixed Effects Agro-Ecological Regions Districts
Zones
Observations 16,372 16,372 16,372
R-Squared 0.014 0.023 0.065

Note: The estimates are weighted in accordancethéltomplex survey design.
**[xx[* indicate statistical significance at the/%/10 percent level, respectively.
tdenotes a dummy variable.
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Table 3: Base OLS Regression Results Underlying thdean Decomposition
Dependent Variable: Log[Plot Gross Value of OutfuK)/HA]

Pooled Male-Managed Female-Managed
Sample Plot Sample Plot Sample
Plot Manager Characteristics
Female t -0.045*
(0.027)
Manager & Owner Overlap t 0.016 0.020 -0.015
(0.020) (0.022) (0.040)
Age (Years) -0.001 -0.002* 0.001
(0.001) (0.001) (0.001)
Years of Schooling 0.007** 0.005 0.015***
(0.003 (0.003 (0.005
Plot Area
Log[GPS-Based Plot Area (HA)] -0.282%** -0.261*** -0.296***
(0.030) (0.034) (0.046)
Log[GPS-Based Plot Area (HA) Squared] 0.044** 0.043** 0.042%+
(0.009) (0.010) (0.013)
Plot Non-Labor Input Use
Incidence of Pesticide/Herbicide Use t 0.395%** 0.360*** 0.491%**
(0.076) (0.077) (0.136)
Incidence of Organic Fertilizer Use t 0.043 0.054* 0.017
(0.027) (0.032) (0.045)
Log[Inorganic Fertilizer Use (KG)/HA] 0.077*** 0.081%** 0.066***
(0.004) (0.004) (0.007)
Plot Labor Input Use
Log[Household Male Labor Use (Hours)/HA] 0.028*** 0.067*** 0.005
(0.005) (0.009) (0.007)
Log[Household Female Labor Use (Hours)/HA 0.032%** 0.016** 0.053***
(0.007) (0.008) (0.015)
Log[Household Child Labor Use (Hours)/HA] 0.001 0.006 -0.011*
(0.004) (0.005) (0.006)
Log[Hired Labor Use (Days)/HA] 0.079** 0.080*** 0.088***
(0.008) (0.009) (0.014)
Log[Exchange Labor Use (Days)/HA] 0.040%** 0.042%* 0.033
(0.012) (0.014) (0.020)
Plot Location
Elevation (M) 0.000*** 0.000%** 0.000%**
(0.000) (0.000) (0.000)
Distance to Household (KM) -0.001** -0.001 -0.002%**
(0.001) (0.001) (0.001)
Plot Cultivation
Intercropped T 0.110*** 0.089*** 0.165***
(0.025) (0.028) (0.039)
Share of Plot Area Under Improved Seeds 0.099*** 0.095** 0.099**
(0.023) (0.025) (0.041)
Share of Plot Area Under Export Crops 1.213%** 1.187** 1.255%**
(0.040) (0.040) (0.090)
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Table 3 (Cont'd)

Pooled Male-Managed Female-Managed
Sample Plot Sample Plot Sample
Household Characteristics
Household Size 0.014*** 0.011~ 0.033***
(0.005) (0.006) (0.008)
Child Dependency Ratio -0.011 0.032 -0.076***
(0.016) (0.020) (0.029)
Agricultural Extension Receipt t 0.077%*= 0.053** 0.157***
(0.021) (0.022) (0.040)
Access to Non-Farm Labor Income t -0.076%** -0.075*** -0.057
(0.019) (0.021) (0.037)
Access to Non-Farm Non-Labor Income T -0.054** -0.035 -0.097**
(0.027) (0.031) (0.043)
Wealth Index 0.055*** 0.062%** 0.048***
(0.006) (0.006) (0.011)
Agricultural Implement Access Index 0.042%** 0.041%* 0.043***
(0.008) (0.010) (0.014)
Distance to Nearest ADMARC (KM) 0.001 0.004 -0.005
(0.003) (0.003) (0.005)
Household Agro-Ecological Zone Classificatiol
Tropic-warm/semiarid 1 0.170** 0.186** 0.071
(0.071) (0.077) (0.085)
Tropic-warm/subhumid t 0.099 0.135* -0.035
(0.073) (0.081) (0.093)
Tropic-cool/semiarid T 0.073 0.119 -0.103
(0.079) (0.086) (0.090)
Observations 16,372 12,029 4,343
R-Squared 0.336 0.342 0.307

Note: The estimates are weighted in accordancethéttomplex survey design.
*x[xx[* indicate statistical significance at the/%/10 percent level, respectively. tdenotes

a dummy variable.
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Table 4: Decomposition of the Gender Differentialin Agricultural Productivity
Agricultural Productivity Proxied by Log[Plot Grod&lue of Output (MK)/HA]

A. Mean Gender Differential

Mean Male-Managed Plot 10.454x*
Agricultural Productivity (0.017)
Mean Female-Managed Plot 10.199**
Agricultural Productivity (0.024)
Mean Gender Differential 0.254+*
in Agricultural Productivity (0.023)
B. Aggregate Decomposition Endowment Effect Me;I\ZVS;rr]Ltjgggal Felg?:;zvsafx;;ueral
TOTAL 0.209*** 0.000 0.045*
(0.024) (0.002) (0.027)
Share of the Gender Differential 82% 0% 18%
C. Detailed Decomposition Endowment Effect Mﬂz\gﬁ;&gal Feg?saallzvsg:’]ttj;:ggal
Plot Manager Characteristics
Manager & Owner Overlap t -0.003 0.002 0.024
(0.004) (0.006) (0.027)
Age (Years) 0.004 -0.036* -0.072*
(0.003) (0.019) (0.044)
Years of Schooling 0.016** -0.011 -0.028*
(0.007) (0.007) (0.015)
Plot Area
Log[GPS-Based Plot Area (HA)] -0.035%** -0.025 -0.018
(0.007) (0.017) (0.054)
Log[GPS-Based Plot Area (HA) Squared] -0.016*** -0.001 0.004
(0.004) (0.010) (0.026)
Plot Non-Labor Input Use
Incidence of Pesticide/Herbicide Use t 0.003*** -0.001 -0.001
(0.001) (0.000) (0.001)
Incidence of Organic Fertilizer Use t 0.000 0.001 0.003
(0.000) (0.002) (0.005)
Log[Inorganic Fertilizer Use (KG)/HA] 0.016*** 0.012* 0.035*
(0.004) (0.007) (0.018)
Plot Labor Input Use
Log[Household Male Labor Use (Hours)/HA] 0.096*** 0.220%** 0.055%**
(0.018) (0.043) (0.011)
Log[Household Female Labor Use (Hours)/HA] -0.017*** -0.084*** -0.129*
(0.004) (0.018) (0.077)
Log[Household Child Labor Use (Hours)/HA] -0.000 0.006** 0.020**
(0.002) (0.003) (0.009)
Log[Hired Labor Use (Days)/HA] 0.001 0.001 -0.006
(0.003) (0.003) (0.008)
Log[Exchange Labor Use (Days)/HA] -0.004*** 0.000 0.002
(0.002) (0.002) (0.005)
Plot Location
Elevation (M) 0.015%** -0.020 -0.035
(0.004) (0.021) (0.054)
Distance to Household (KM) -0.001 0.001 0.002
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Table 4 (Cont'd)

C. Detailed Decomposition (cont.) Endowment Effec Male Structural  Female Structural

Advantage Disadvantage
Plot Cultivation
Intercropped T -0.012*** -0.006 -0.023*
(0.003) (0.004) (0.013)
Share of Plot Area Under Improved Seeds 0.004*** -0.002 -0.000
(0.001) (0.005) (0.012)
Share of Plot Area Under Export Crops 0.084*** -0.003** -0.001
(0.007) (0.001) (0.002)
Household Characteristics
Household Size 0.012%** -0.017 -0.080**
(0.004) (0.015) (0.032)
Child Dependency Ratio 0.000 0.029%** 0.047%**
(0.001) (0.011) (0.016)
Household Characteristics
Agricultural Extension Receipt 0.003** -0.007** -0.020**
(0.001) (0.003) (0.008)
Access to Non-Farm Labor Income t -0.004** 0.001 -0.007
(0.002) (0.005) (0.012)
Access to Non-Farm Non-Labor Income t 0.000 0.004 0.010
(0.001) (0.003) (0.009)
Wealth Index 0.019*** -0.004** -0.007
(0.004) (0.002) (0.008)
Agricultural Implement Access Index 0.029*** -0.000 -0.000
(0.006) (0.004) (0.002)
Distance to Nearest ADMARC (KM) -0.000 0.024** 0.052**
(0.000) (0.010) (0.022)
Household Agro-Ecological
Zone Classification [Aggregated] -0.003 0.001 0.014
(0.004) (0.004) (0.018)
Observations 16,372

Note: The estimates are weighted in accordancethétltomplex survey design. ***/**/* indicate statical
significance at the 1/5/10 percent level, respebtivi denotes a dummy variable.
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Table 5: Decomposition of the Gender Differentialn Agricultural Productivity At Selected Points of the Agricultural Productivity Distribution

Agricultural Productivty Proxied by Log[Plot Quatytiof Maize Production (KG)/HA]

, , 10th 20th 30th 40th 50th 60th 70th 80th 90th
A. Gender Differential Mean Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile
Male-Managed Plot Value 6.950% B 77TV G268 §.569%*  6.814%*  7.031**  7.236%%  TABGY*  7.713%*  8.040%*
(0.019) (0.040) (0.027) (0.024) (0.022) (0.020) (0.018) (0.019) (0.020) (0.020)
Female-Managed Plot Value 6.734* 5 EBER G026 §.322%% 583 G791 7.006%*  7.225%%  7A73x 7 @37
(0.026) (0.042) (0.040) (0.034) (0.031) (0.028) (0.029) (0.028) (0.029) (0.029)
Gender Differential 0.224%  0.222%  0.242%*  0.247**  0.231**  0.241*+*  (0.230%*  0.231%*  0.240%*  0.202%*
(0.026) (0.051) (0.040) (0.034) (0.032) (0.030) (0.030) (0.030) (0.031) (0.031)
B. Aggregate Decompostion 10th 20th 30th 40th 50th 60th 70th 80th 90th
Mean Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile
Endowment Effect 0.165*+  0.250%*  0.226%*  0.206**  0.183**  0.177**  0.160**  0.130"*  0.105**  0.110%*
(0.025) (0.048) (0.038) (0.034) (0.031) (0.028) (0.027) (0.028) (0.031) (0.033)
Share of the Gender Differentii 749 112% 94% 83% 80% 74% 70% 57% 44% 54%
Male Structural Advantage -0.000 0.000 0.000 0.000 0.000 0.000 -0.000 -0.000 -0.000 -0.000
(0.001) (0.003) (0.002) (0.002) (0.001) (0.001) (0.002) (0.002) (0.002) (0.002)
Share of the Gender Differentic  0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Female Structural Disadvantage  0.059* -0.028 0.016 0.041 0.047 0.064* 0.069*  0.100%*  0.135**  0.093*
(0.030) (0.061) (0.048) (0.043) (0.040) (0.037) (0.037) (0.039) (0.042) (0.042)
Share of the Gender Differentii 26.3% -12.5% 6.5% 16.8% 20.4% 26.4% 30.2% 43.5% 56.3% 45.7%
Observations 11,763

Note: The estimates are weighted in accordancethéltomplex survey design. ***/**/* indicate

statistical significance at the 1/5/10 percent leve
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Table 6: Aggregate Decomposition of the Gender D#fential in Agricultural Productivity At Selected Points of the Agricultural Productivity Distribution
Agricultural Productivty Proxied by Log[Plot Valus Output (MK)/HA]

Mean 10th 20th 30th 40th 50th 60th 70th 80th 90th
Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile
A. Gender Differential
Male-Managed Plot Value 10.454**  9.202***  9.654**  9.963** 10.220*** 10.455*** 10.685*** 10.932** 11.256** 11.737**
(0.017) (0.029) (0.023) (0.019) (0.018) (0.017) (0.017) (0.019) (0.020) (0.025)
Female-Managed Plot Value 10.200%**  8.976***  9.456***  9.750**  9.997**  10.223** 10.423** 10.671** 10.937*** 11.361***
(0.023) (0.043) (0.034) (0.028) (0.026) (0.024) (0.024) (0.027) (0.025) (0.041)
Gender Differential 0.254**  0.226***  (0.198**  0.213**  (0.223**  (0.233**  0.262***  0.260**  0.319**  0.376***
(0.023) (0.045) (0.036) (0.029) (0.027) (0.025) (0.024) (0.028) (0.028) (0.043)
B. Aggregate Decomposition
Endowment Effect 0.209***  0.244*=*  (0.236™*  0.218**  0.199**  0.203***  0.188**  0.207***  0.224**  (0.250***
(0.024) (0.042) (0.033) (0.031) (0.029) (0.026) (0.026) (0.031) (0.030) (0.042)
Share of the Gender Differentii  82.3% 107.9% 118.8% 102.4% 89.1% 87.3% 71.9% 79.6% 70.2% 66.5%
Male Structural Advantage 0.000 0.000 0.000 -0.000 0.000 0.000 0.000 0.000 0.000 0.000
(0.002) (0.003) (0.002) (0.001) (0.002) (0.002) (0.001) (0.002) (0.002) (0.003)
Share of the Gender Differentiic  0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Female Structural Disadvantage 0.045* -0.018 -0.037 -0.005 0.024 0.030 0.074** 0.053 0.095*** 0.126**
(0.027) (0.053) (0.044) (0.037) (0.037) (0.034) (0.033) (0.037) (0.035) (0.052)
Share of the Gender Differentii  17.7% -7.9% -18.8% -2.4% 10.9% 12.7% 28.1% 20.4% 29.8% 33.5%
Observations 16,372

Note: The estimates are weighted in accordancethétitomplex survey design. ***/**/* indicate statical
significance at the 1/5/10 percent level, respebtiv
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Table 7: Detailed Decomposition of the Gender Diffential in Agricultural Productivity At Selected Points of the Agricultural Productivity Distribution
Agricultural Productivty Proxied by Log[Plot Valus Output (MK)/HA]

A. Gender Differenti

Mean 10th Percentile 50th Percentile 90th Percentile
MaIe-Managed Plot Value 10.454%+* 9,202 10.455%* 11.737**
(0.017. (0.017 (0.025
Female-Managed Plot Value 10.199%+* 8.976% 10.223%+* 11.361%*
(0.024 (0.024 (0.041
Gender Differential 0,254 0.226%+ 0.233%+* 0.376%+
(0.023 (0.025 (0.043
B. Aggregate Decompositi Endowment Effe Male Structural Advantag Female Structural Disadvanta
Mean 10th 50th 90th Mean 10th 50th 90th Mean 10th 50th 90th
TOTAL 0.209%*  0.244** 0.203** (0.250*** 0.000 0.000 0.00 0.045*  -0.018 0.030 0.126*
(0.024) (0.042) (0.026) (0.042 (0.002) (0.003) (0.002) .0@8) | (0.027) (0.053) (0.034) (0.052]
Share of the Gender Differen 82.1% 107.9% 87.3% 66.5% 0.0% 0.0% 0.0% 17.6% -7.9% 12.7% 33.5%
C. Detailed Decomposition Endowment Effect Male Structural Advantage Female Structural Disadvantage
Mean 10th 50th 90th Mean 10th 50th 90th Mean 10th 50th 90th
Plot Manager Characteristic
Manager & Owner Overlap -0.003  -0.018*  -0.001 0.00] -0.000 0.003 0.008 0.024 0.006 0.036 0.04
(0.004) (0.008) (0.004) (0.007, (0.006) (0.012) (0.007) .01@) | (0.027) (0.058) (0.031) (0.055|
Age (Years 0.00¢ 0.00¢ -0.00C 0.00¢ -0.036’ -0.042  -0.051* 0.01% -0.072°  -0.09¢  -0.091’ 0.021
(0.003) (0.008) (0.004) (0.006; (0.019) (0.048) (0.021) .0%@) | (0.044) (0.106)  (0.049) (0.087}
Years of Schooling 0.016** 0.022 0.023*** 0.007 -0.011  .0B4 -0.007 -0.020 -0.028* -0.061* -0.015 -0.05
(0.007) (0.014) (0.008) (0.011] (0.007) (0.016) (0.009) .01@) | (0.015) (0.032) (0.018) (0.037}
Plot Are¢
Log[GPS-Based Plot Area (HA)] -0.035** -0.078** -03B**  0.009 -0.025 -0.054  -0.049**  -0.033 -0.018  -0.161 .6@9 -0.050
(0.007) (0.015) (0.007) (0.007; (0.017) (0.038) (0.019) .040) | (0.054) (0.134) (0.059) (0.121f
Log[GPS-Based Plot Area (HA) S -0.016** 0.023** -0.011** -0.071** 0.001 0.017 -0.03( 0.00¢ 0.03¢ 0.047 -0.03¢
(0.004) (0.007) (0.003) (0.015; (0.010) (0.017) (0.010) .029) | (0.026) (0.054) (0.025) (0.069|
Plot Non-Labor Input Use
Incidence of Pesticide/Herbicide Use 1 0.003** 0002 0.002**  0.005*** -0.001*  -0.001* 0.001 -0.001  -003  -0.002* 0.005
(0.001) (0.001) (0.001) (0.002; (0.000) (0.001) (0.000) .0Q@) | (0.001) (0.002) (0.001) (0.003]
Incidence of Organic Fertiizer Ust 0.00( 0.001 0.00] 0.00? -0.00z 0.00( 0.00¢ 0.00: -0.00¢ 0.001 0.01¢
(0.000) (0.001) (0.001) (0.001; (0.002) (0.004) (0.002) .0Q@) | (0.005) (0.011) (0.005) (0.010|
Log[Inorganic Fertiizer Use (KG)/HA] 0.016*** 0.028* 0.015* 0.007** -0.009 0.008 0.009 0.035* -0.00.  0.027 0.032
(0.004) (0.008) (0.004) (0.002; (0.007) (0.016) (0.009) .01@) | (0.018) (0.042) (0.022) (0.037}
Plot Labor Input Use
Log[HH Male Labor Use (Hours)/HA] 0.096**  0.181**  @O0*** 0.046 0.220%* 0.128 0.217%*  0.404** [ 0.055** 0.4 0.047** 0.114**
(0.018) (0.034) (0.020) (0.034; (0.043) (0.083) (0.050) .088) | (0.011) (0.022) (0.014) (0.024|
Log[HH Female Labor Use (Hours)/H -0.017** -0.026** -0.013** -0.015** | -0.084** -0.115** -0.080** -0.128**| -0.129' -0.372** -0.09¢ -0.22%
(0.004) (0.007) (0.004) (0.007; (0.018) (0.037) (0.020) .04@) | (0.077) (0.167) (0.085) (0.182]
Log[HH Child Labor Use (Hours)/HA] -0.000 0.000 -0.000 -0.001 0.006** 0.007 0.006* 0.001 0.020*  0.015 0.022* 03
(0.002) (0.005) (0.003) (0.005; (0.003) (0.006) (0.004) .008) | (0.009) (0.020) (0.011) (0.018]
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Table 7 (Cont'd)

Endowment Effect

Male Structural Advantage

Femalecdiral Disadvantage

Mear 10th 50th 90th Mear 10th 50th 90th Mear 10th 50th 90th
Log[Hired Labor Use (Days)/H/ 0.00! 0.001 0.001 0.00: 0.001 -0.002 0.00: -0.001 -0.00¢  -0.01: -0.002 -0.01%
(0.003) (0.002) (0.003) (0.004; (0.003) (0.006) (0.003) .0Q@) | (0.008) (0.015) (0.010) (0.019
Log[Exchange Labor Use (Days)/H -0.004** -0.005** -0.005*  -0.00: 0.00C 0.00¢ 0.00! -0.00] 0.00: 0.00¢ 0.00: -0.00]
(0.002) (0.003) (0.002) (0.002; (0.002) (0.003) (0.002) .00@) | (0.005) (0.009) (0.006) (0.010|
Plot Location
Elevation (M 0.015**  0.035** 0.012**  -0.00¢ -0.02( -0.03z2 -0.00¢ -0.068’ -0.03¢  -0.08! -0.00z -0.165
(0.004) (0.009) (0.004) (0.005; (0.021) (0.047) (0.024) .0%8) | (0.054) (0.120) (0.063) (0.100|
Distance to Household (KM) -0.001 -0.001 -0.001 0.0q1  000. -0.000 0.001 0.002 0.002 -0.003 0.002 0.04
(0.000) (0.001) (0.001) (0.001; (0.001) (0.002) (0.001) .0Q@) | (0.002) (0.004) (0.002) (0.003]
Plot Cultivation
Intercropped -0.012**  -0.00¢  -0.014** -0.013**| -0.00¢ -0.016° -0.00% -0.00¢ -0.023' -0.051" -0.01: -0.01¢
(0.003) (0.005) (0.004) (0.004; (0.004) (0.009) (0.005) .0Q@) | (0.013) (0.029) (0.016) (0.023]
Share of Plot Area Under Improved Seeds 0.004** @00 0.006**  -0.000 -0.002 0.016 -0.002 -0.002, -0.000  0.848 -0.002 0.006
(0.001) (0.002) (0.002) (0.002; (0.005) (0.011) (0.005) .00Q9) | (0.012) (0.028) (0.013) (0.0224
Share of Plot Area Under Export Cr 0.084**  0.019** 0.066** 0.211** | -0.003** 0.004 -0.007  -0.009** | -0.001 0.00¢ 0.00: -0.01¢
(0.007) (0.003) (0.005) (0.018 (0.001) (0.002) (0.001) .0Q@) | (0.002) (0.004) (0.002) (0.009
Household Characteristit
Household Size 0.012***  0.018*  0.008* 0.013* -0.017 -0.019 -0.008 -0.65 | -0.080** -0.089 -0.065* -0.163**
(0.004) (0.008) (0.005) (0.007, (0.015) (0.031) (0.018) .029) | (0.032) (0.064) (0.038) (0.063]
Child Dependency Ra 0.00( -0.001 -0.00C 0.00! 0.029**  0.041 0.01¢ 0.038* | 0.047** 0.065* 0.031  0.067**
(0.001) (0.001) (0.000) (0.001; (0.011) (0.022) (0.013) .018) | (0.016) (0.031) (0.019) (0.026|
Household Characteristit
Agricultural Extension Receip 0.003* 0.005’ 0.004** 0.00: -0.007**  -0.00¢  -0.009*  -0.007 [ -0.020** -0.01¢ -0.025* -0.02!
(0.001) (0.002) (0.002) (0.002; (0.003) (0.006) (0.004) .008) | (0.008) (0.017) (0.010) (0.016|
Access to Non-Farm Labor Incom -0.004**  -0.006** -0.003*  -0.006** 0.001 0.026** -0.00z -0.00z -0.007  0.062*  -0.01¢ -0.02¢
(0.002) (0.003) (0.002) (0.003; (0.005) (0.011) (0.005) .0Q9) | (0.012) (0.027) (0.014) (0.025|
Access to Non-Farm Non-Labor Income t 0.000 0.000 .00 0.000 0.004 0.008 0.008** 0.003 0.010 0.014  0.021* 0.0
(0.001) (0.002) (0.001) (0.000; (0.003) (0.006) (0.004) .006) | (0.009) (0.018) (0.010) (0.017}
Wealth Index 0.019** 0.018** 0.021*** 0.019*** |-0.004**  -0.002  -0.006**  -0.001 -0.007  -0.007 -0.014 0.014
(0.004) (0.004) (0.004) (0.005; (0.002) (0.003) (0.002) .0Q@) | (0.008) (0.012) (0.009) (0.018|
Agricultural Implement Access Ind 0.029**  0.031** 0.030** 0.024** | -0.00( -0.011 -0.00] -0.00z -0.00C  -0.007"  -0.00( -0.00z
(0.006) (0.011) (0.007) (0.009; (0.004) (0.006) (0.004) .008) | (0.002) (0.004) (0.003) (0.003]
Distance to Nearest ADMARC (K} -0.00C 0.00C -0.00C -0.00( 0.024** 0.043’ 0.016"  0.045** [ 0.052* 0.105*  0.03¢  0.101**
(0.000) (0.000) (0.001) (0.000; (0.010) (0.023) (0.009) .01@) | (0.022) (0.047) (0.023) (0.034
Household Agro-Ecological
Zone Classification [Aggregate -0.003 -0.008 -0.001 0.002 0.001 -0.006 0.002 -0.0p5 0.014 .0030  0.015 -0.010
(0.004) (0.008) (0.004) (0.005 (0.004) (0.009) (0.005) .010) | (0.018) (0.041) (0.022) (0.038]
Observations 16,372 16,372 16,372

Note: The estimates are weighted in accordancethéticomplex survey design. ***/**/* indicate statical significance at the 1/5/10 percent levedpetively.

tdenotes a dummy variable
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Figure 1: Malawi Annual Maize Yield Estimates (19962010)
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Figure 2: Kernel Density Estimates of the Log of Goss Value of Output per Hectare for
Male- and Female-Managed Plot Samples
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Based on RIF Decomposition at Deciles of Agriculta Productivity Distribution

155



0.10

0.08 M
0.04

> \—*\
0.00

10th 20th 30th 40th 50th 60th 70th *g0th  90th
-0.02 AW

-0.04

-0.06

—=¢—Pooled =@—Male -A—Female

Figures 4A: RIF Regression Coefficients for Plot Lg [Household Adult Male Labor
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Figures 4B: RIF Regression Coefficients for Sharefd’lot Area Under
Export Crop Cultivation, Estimated Separately from Pooled, Male-Managed, and Female-
Managed Plot Samples across Deciles of Agricultur&roductivity Distribution
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Figures 4C: RIF Regression Coefficients for Plot Lg[Inorganic Fertilizer
Use (KG)/HA], Estimated Separately from Pooled, Ma-Managed, and Female-Managed
Plot Samples across Deciles of Agricultural Produdtity Distribution
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APPENDIX A

GENDER GAP IN LAND PRODUCTIVITY

Thegender gap'D” is expressed as the mean outcome difference:

D=E(Y")- HY) (A1)

Equations (12a) and (12b) imply that:

E(YM) =4+ BB + D B XA+ B Z)s) (A.2a)

E(Y)=p5 + HE)BL+D B X)Bc + 2, B Z)5] (A.2b)

We rewrite equation (13) using equations (12a)(a2d):

D=E(Y")-HY)=4"+ B L)A" +> B XA+ & 2)5)" -

o —E()BE =D E(X)BE -2’ Z)S] (A.3)

Rearranging Equation (15) by adding and subtracting

E(L")B0. ) ECRNBE D E(Z" )5, we decompose the gender gap into the following
k j

components:
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D =[E(L") - E(DIBD +TE XN - B X)) +2] EZ) - E D157+

labor market effect

purchased inputs effect household endowment effect

E(LAY —(BD1+ 2L BOXDUA = B+ By — Bo) + 2 B B[ 8" -]

pure marginal productivity effect

(A.4)

where fo, S, f o are the estimated intercept and slope coefficiehsach covariate

included in the regressions for the male and fermplalesamples.

Equation (16) is the aggregate decomposition. Tis¢ ¢omponent is th&abor
market effecti.e. the portion of the gender gap driven byeat#hces in quantities of
labor allocated to farm activities by the head ofi$ehold. The second component is the
purchased inputs effedhe portion of the gender gap that is explaingdiifferences in
levels of use of inputs that have to be bought sashfertilizer, pesticides, seeds,
agricultural implements, and/or hired labor. Thardhcomponent, thehousehold
endowment effeas comprised by differences in levels of obsergatiharacteristics of
the household, including human and physical caplthé fourth component is thmire
marginal productivity effectand corresponds to the portion of the gender gatamed
by differences in the coefficients of each obseleaovariate included in L and in the
and Z vectors; as well as differences in the constatwéen male and female headed

households.
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APPENDIX B

RECENTERED INFLUENCE FUNCTIONS AND DECOMPOSITION

METHODOLOGY

A RIF regression is similar to a standard OLS rsgi@n, except that the

dependent variable, Y, is replaced by the RIF efdistributional statistic of interest. The

approach assumes that the conditional expectafitimeoRIF(Y; V) can be modeled as a
linear function of observable attributeX, such thatE[RIF Y V| X]= X, as in the
mean decomposition. Assuming thi&t (y;V) is the influence function corresponding to
an observed productivity outcome for the distributional statistio’(F,), the RIF is

defined as:

RIF(y,V) = R)+ IF(% VY (C.1)

In the case of quantiles, the influence functioagsal to:

(T-H{y<Q}

PO =" Q)

, (C.2)

where 1{Y < Q;} is an indicator function equal to 1 if the valuetlte outcome variable

is smaller than or equal to the quantie and O otherwisef, (Q,) is the density of the
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marginal distribution ofY, and Qr is the population T-quantile of thenconditional

distribution ofY. Consequently,

RIF(Y; Q)= Q+ IR Q) (C.3)

In practice, the RIF is first estimated as a funtif the sample quantil@r (e.g.
the 10" percentile), the dummy variable identifying whetktee observed outcom¥, is
smaller than or equal to the sample quantile, deddensity estimated using kernel
methods at the point of the sample quantile. Instmnd stage, the estimated RIF is used

as a dependent variable in an OLS regressionghraniseparately for the male-managed
and female-managed samples. The resulting parasneteandy” replace thevector of

coefficientsin Equations (12a) and (12b) and are used togetitarthe group-specific
mean values for each covariate to perform aggresyadedetailed decompositions of any

distributional statistic beyond the mean within trmework provided in Section 3.
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APPENDIX C

Table C.1 Scale-Free Normalized Difference

Male Female Difference N(_)rmalized

Sample Sample Difference
Ln Managerial Labor (hours/ha) 5.81 6.01 -0.20 60.1
Pesticide/herbicide use yes/no 0.02 0.01 0.01 0.06
Organic fertilizer use yes/no 0.11 0.1 0.01 0.02
Ln Inorganic Fertilizer (kg/ha) 3.32 3.13 0.19 0.05
Ln Hired labor (days/ha) 0.55 0.52 0.03 0.02
Agricultural implements Asset Index 0.84 0.16 0.68 0.38
Proportionof area of the plot under improved
varieties 0.38 0.33 0.05 0.08
Proportionof area of the plot under export crops 0.09 0.03 060. 0.18
Ln GPS Total Area of the plot (ha) -1.2 -1.29 0.09 0.09
Ln GPS Total Area of the plot (ha) Squared 1.93 52.1 -0.22 -0.08
Elevation (m) 909 843 65.32 0.14
Plot distance to hh 2.06 1.68 0.38 0.03
Inter-croppped 0.32 0.45 -0.13 -0.19
Manager is equal to one of the owners 0.58 0.78 20-0. -0.31
Age of the manager 41.18 49.07 -7.89 -0.34
Years of Schooling of the manager 5.8 3.21 2.59 005
Ln Non-Managerial Household Labor (hours/ha) 5.77 .83 1.97 0.60
Ln Exchange labor (days/ha) 0.18 0.32 -0.14 -0.13
Household Size 5.16 4 1.16 0.38
Dependency Ratio 0.7 0.71 -0.01 -0.01
Ag extension services receipt 0.32 0.27 0.05 0.08
HH has any off-farm income 0.44 0.35 0.09 0.13
HH receives other transfers/safety net help 0.21 23 0. -0.02 -0.03
Wealth Index -0.6 -1.03 0.43 0.16
HH Distance (KMs) to Nearest ADMARC 8.19 8.2 -0.01 0.00
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Table C.2

List of Additional Controls used in the Added CattApproach

Variable

Data Source

Plot Geospatial Characteristics
Predominant Soil Type: Sandy

Farmer Assessment of Soil Quality: Good t
Irrigated +

Percent of Land Classified as Agriculture withiK Radius of Plot Location

Plot Slope (Percentage)
Potential Wetness Index
No or Slight Constraint on Nutrient Availability T

No or Slight Constraint on Nutrient Retention Capat

No or Slight Constraint on Rooting Conditions T

No or Slight Constraint on Oxygen Availability fRoots T

No or Slight Constraint on Excess Salts 1

No or Slight Constraint on Toxicity T

No or Slight Constraint on Workability T
Erosion: None t

Erosion: Slight T

Erosion: Slight to moderate T (omitted category)
Soil Depth: Shallow

Soil Depth: Deep T

Soil Depth: Very Deep T (omitted category)
Surface Texture: Clay, Clay-Loamy t

Surface Texture: Loamy, Loamy-Sandy t
Surface Texture: Sandy

Surface Texture: Sandy-Clay, Loam-Sandy-Clay t
Surface Texture: Sandy-Loam t

Surface Texture: Other t (omitted category)
Sub-surface Texture: Clay, Clay-Loamy T
Sub-surface Texture: Loamy, Loamy-Sandy t
Sub-surface Texture: Sandy T

Sub-surface: Sandy-Clay, Loam-Sandy-Clay T
Sub-surface: Sandy-Loam t

Sub-surface: Other T (omitted category)
Drainage: Very Poor T

Drainage: Poor t

Drainage: Poor to Imperfect t

Drainage: Imperfect t

Drainage: Imperfect to Moderately Well T
Drainage: Moderately Well 1

Drainage: Moderately Well to Well T

Drainage: Well T

Drainage: Somewhat Excellent T (omitted category)
Other Plot Characteristics

Duration Between Planting and Harvesting (Months)

Duration of Last Fallow Period (Years)
Tree/Permanent Crops Grown on Plot

IHS3
IHS3
IHS3
GlobCover 2009
SRTM v4
AfSIS, TWI
HWSD
HWSD
HWSD
HWSD
HWSD
HWSD
HWSD
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
| Bap of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
Soil Map of Malawi
oil IBap of Malawi

IHS3
IHS3
IHS3
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Table C.2 (Continued)

Variable Data Source
Household Characteristics

# of Household Members 0-5 IHS3
# of Household Members 6-14 IHS3
# of Household Male Members 15-59 IHS3
# of Household Female Members 15-59 IHS3
# of Household Members 60+ IHS3
Ratio of # of Sick Adult Household Members & Totabf Adult Household IHS3
Members

Household Distance to Nearest Road (Eucledian, KMs) IHS3
Household Distance to Nearest Locality with 20,08@pulation (Eucledian, KMs) IHS3
Community Characteristics

Residents Pay Village Headman When Selling or Ragidg Land T IHS3
Savings and Credit Cooperative in the Community T IHS3
Distance to Nearest Commercial Bank (KMs) IHS3
Distance to Nearest Micro-Finance Institution (KMs) IHS3
Assistant Agriculture Extension Development Offitéres in the Community IHS3
Distance to Nearest Agriculture Extension Developh@fficer KMs) IHS3
Irrigation Scheme in the Community IHS3
# of Fertilizer Sellers in the Community IHS3
# of Hybrid Maize Seed Sellers in the Community IHS3
Community Net Receiver of Population T IHS3

Notes: HWSD: Harmonized World Soil Database
Soil Map of Malawi: Land Resources Evaluation Bcbj
AfSIS TWI: Africa Soil Information Service, Topagphic Wetness Index
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Table C.3 Added Control Approach for Male Sample

Enumeration

Base Regression Area Fixed Plot Geospa‘tial Othe Plpt_ Managgr_ Househqlq Commuqit}{
Effects Characteristics Characteristics Characteristics Characteristics Characteristics
Labor
Ln Managerial Labor (hours/ha) 0.227*** 0.214%** 0.226*** 0.227*** 0.227%* 0.227*** 0.224#*
(0.011) (0.011) (0.011) (0.011) (0.011) (0.011) 01a)
Purchased Inputs
Pesticide/herbicide use yes/no 0.446%** 0.430%** 404%** 0.434%* 0.446%** 0.448*** 0.449**
(0.054) (0.056) (0.054) (0.054) (0.054) (0.054) 0%a,)
Organic fertilizer use yes/no 0.021 0.019 0.034 2.0 0.021 0.024 0.020
(0.024) (0.024) (0.024) (0.024) (0.024) (0.024) 0pa)
Ln Inorganic Fertilizer Use (kg/ha) 0.070*** 0.068* 0.071%** 0.070*** 0.070%** 0.070%** 0.071%*
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) 003)
Ln Hired labor (days/ha) 0.102%** 0.091*** 0.099*** 0.101*** 0.102%** 0.102%** 0.101%**
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007) 0QT)
Agricultural Implements Access Index 0.036*** 0.021 0.035%** 0.038*** 0.036*** 0.036%** 0.035%*
(0.006) (0.007) (0.007) (0.007) (0.007) (0.006) 0QT)
Proportion of Plot Area Under Improved Seeds 0.041* 0.032* 0.043* 0.041* 0.041* 0.040** 0.03**
(0.018) (0.019) (0.018) (0.018) (0.018) (0.018) 018)
Proportion of Plot Area Under Export Crops 1.078** 1.066*** 1.081*** 1.118%* 1.078*+* 1.070*** 1.068***
(0.030) (0.030) (0.030) (0.032) (0.030) (0.030) 08D)
Household Characteristics and Endowment
In GPS Total Area of the plot (ha) -0.155%** -0.163*** -0.146%** -0.155%** -0.157** - 0.164%* -0.158***
(0.040) (0.040) (0.040) (0.040) (0.040) (0.040) 040)
In GPS Total Area of the plot (ha) Squared 0.056*** 0.053*** 0.057*** 0.057*** 0.056*** 0.054%** 0.057**
(0.014) (0.014) (0.014) (0.014) (0.014) (0.014) 01@)
Elevation (m) 0.000** 0.000 0.000 0.000** 0.000** 0.000** 0.000**
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 0QD)
Plot distance to household -0.000 -0.000 0.000 0®.0 -0.000 -0.000 -0.000
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) 0QL)
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Table C.3 Added Control Approach for Male Samptan(tued)

Enumeration

Additional

Base Regression Area Fixed Plot Geospat{ial Othe PI.OI. Manager Househglq Commuqity
Effects Characteristics Characteristics Characteristics Characteristics Characteristics
Intercropped 0.230%** 0.264*** 0.240%** 0.221%** 0.231%* 0.233*** 0.228%**
(0.022) (0.023) (0.022) (0.022) (0.022) (0.022) 0R2)
Manager is equal to one of the owners -0.007 -0.003 -0.010 -0.008 -0.016 -0.006 -0.003
(0.016) (0.017) (0.016) (0.016) (0.017) (0.016) 01®)
Age of the manager -0.001** -0.001 -0.001** -0.081* -0.002*** 0.000 -0.001**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) o)
Years of Schooling of the manager 0.003 0.005** 02.0 0.003 0.003 0.003 0.004
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) 0Q2)
Ln Nor-Managerial Household Labor (hours/ 0.015** 0.017** 0.016*** 0.015** 0.015** 0.017*** 0.016**
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006) 00B)
Ln Exchange labor (days/t 0.042%** 0.029** 0.043*** 0.041*** 0.042%** 0.043*** 0.043%**
(0.011) (0.012) (0.011) (0.011) (0.011) (0.011) 01a)
Household Size 0.013%*=* 0.011** 0.014%*=* 0.013** 0.013*** 0.001 0014%*
(0.004) (0.004) (0.004) (0.004) (0.004) (0.013) 002,
Dependency Ratio -0.008 0.005 -0.012 -0.008 -0.008 0.011 -0.009
(0.016) (0.016) (0.016) (0.016) (0.016) (0.023) 016)
Agricultural Extension Receipt 0.030* 0.031* 0.029* 0.033* 0.028* 0.031* 0.032*
(0.017) (0.018) (0.017) (0.017) (0.017) (0.017) 017)
HH has any off-farm income -0.063*** -0.047*** -0.056*** -0.063*** -0.062%* - 0.061%* -0.059%**
(0.016) (0.017) (0.016) (0.016) (0.016) (0.016) 016)
HH receives other transfers/safety net help 0.007 -0.009 0.009 0.012 0.008 0.010 0.011
(0.020) (0.022) (0.020) (0.020) (0.020) (0.020) 0RD)
Wealth Index 0.062%*=* 0.069*** 0.062*** 0.061%* 0.062** 0.062*** 0.063***
(0.005) (0.005) (0.005) (0.005) (0.005) (0.005) 0053)
Distance to Nearest ADMARC (KM) 0.004** -0.006 004*** 0.004** 0.004** 0.003* 0.003
(0.002) (0.009) (0.002) (0.002) (0.002) (0.002) 0Q2)
Number of observations 10,962 10,962 10,710 10,853 10,960 10,962 10,868
R2 0.380 0.462 0.392 0.381 0.380 0.381 0.382
Adjusted R2 0.376 0.423 0.387 0.377 0.377 0.378 0.379

note: *** p<0.01, ** p<0.05, * p<0.1
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Table C.4 Added Control Approach for Female Sample

Base Regression E;:Z?:riiggn Plot Geospa‘tial Othe Plpt_ Managgzr_ Househqlq Communjty
Effects Characteristics Characteristics Characteristics Characteristics Characteristics

Labor

Ln Managerial Labor (hours/ha) 0.234%** 0.214%** 0.236*** 0.235*** 0.235*** 0.234*** 0.231%+*
(0.018) (0.020) (0.018) (0.018) (0.018) (0.018) 01B)

Purchased Inputs

Pesticide/herbicide use yes/no 0.618** 0.567* 682*** 0.617*= 0.625%** 0.614%* 0.623***
(0.121) (0.131) (0.125) (0.121) (0.121) (0.121) 1)

Organic fertilizer use yes/no 0.036 0.022 0.034 38.0 0.038 0.041 0.031
(0.044) (0.047) (0.044) (0.044) (0.044) (0.044) 042,

Ln Inorganic Fertilizer Use (kg/ha) 0.058*** 0.059* 0.060*** 0.057** 0.057*** 0.057*** 0.058***
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006) 00B)

Ln Hired labor (days/ha) 0.113*+* 0.088*** 0.113*** 0.112%** 0.114%** 0.114*** 0.114***
(0.012) (0.014) (0.013) (0.012) (0.012) (0.012) 012)

Agricultural Implements Access Index 0.048** 0.059 0.047%** 0.046*** 0.049%** 0.047%* 0.046*+*
(0.012) (0.014) (0.012) (0.012) (0.012) (0.012) 012)

Proportion of Plot Area Under Improved Seeds 0.025 -0.008 0.040 0.025 0.026 0.026 0.026
(0.034) (0.036) (0.034) (0.034) (0.034) (0.034) 082,

Proportion of Plot Area Under Export Crops 1.132%** 1.115%** 1.137%** 1.149** 1.130*** 1.139*** 1.133***
(0.086) (0.088) (0.086) (0.087) (0.086) (0.086) 08B)

Household Characteristics and Endowment

In GPS Total Area of the plot (ha) -0.354*** -0.379*** -0.336*** -0.341%* -0.356** - 0.352%* -0.367***
(0.074) (0.081) (0.075) (0.075) (0.074) (0.074) 0fa,)

In GPS Total Area of the plot (ha) Squared 0.006 0.006 0.013 0.010 0.006 0.007 0.001
(0.025) (0.027) (0.026) (0.025) (0.025) (0.025) 0f5)

Elevation (m) 0.000** -0.000 0.000 0.000** 0.000** 0.000** 0.008*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 0QD)

Plot distance to household -0.000 -0.004* -0.002 000. -0.000 -0.000 -0.000
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) oQz)
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Table C.4 Added Control Approach for Female Sanjmatinued)

Base Regression E;:Z?:riiggn Plot Geospa‘tial Othe Plpt_ Managgr_ Househqlq Commuqity
Effects Characteristics Characteristics Characteristics Characteristics Characteristics
Intercropped 0.273%*= 0.308*** 0.273%* 0.268*** 0.275% 0.276*** 0.278%**
(0.037) (0.041) (0.037) (0.037) (0.037) (0.037) 087)
Manager is equal to one of the owners -0.002 0.020 0.013 -0.007 -0.019 -0.005 -0.010
(0.033) (0.039) (0.034) (0.033) (0.034) (0.033) 083)
Age of the manager -0.001 -0.001 -0.001 -0.001 -0.003** 0.001 -0.001
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) oQL)
Years of Schooling of the manager 0.011* 0.012* 0L 0.010** 0.010** 0.010** 0.010*
(0.005) (0.005) (0.005) (0.005) (0.005) (0.005) 0053)
Ln Non-Managerial Household Labor (hours/ha) 0.012** 0.003 0.012** 0.012** 0.012** 0.010* 0.012*
(0.005) (0.006) (0.006) (0.005) (0.005) (0.006) 0053)
Ln Exchange labor (days/ha) 0.013 0.003 0.014 0.012 0.015 0.015 0.013
(0.015) (0.017) (0.016) (0.015) (0.015) (0.015) 015)
Household Size 0.024%** 0.029%** 0.025%** 0.024** 0.024*** -0.034 0.025%**
(0.008) (0.010) (0.008) (0.008) (0.008) (0.040) 003)
Dependency Ratio -0.068*** -0.076*** -0.074%** -0.069*** -0.069*** - 0.049* -0.067**
(0.018) (0.021) (0.019) (0.019) (0.018) (0.023) 01B)
Agricultural Extension Receipt 0.131%** 0.127%*** D25%** 0.127%** 0.127%*** 0.129%** 0.135%+*
(0.031) (0.037) (0.031) (0.031) (0.031) (0.031) 081)
HH has any off-farm income -0.036 -0.018 -0.019 -0.039 -0.029 -0.035 -0.038
(0.029) (0.034) (0.029) (0.029) (0.029) (0.029) 0R9)
HH receives other transfers/safety net help -0.030 -0.088** -0.034 -0.023 -0.031 -0.032 -0.031
(0.033) (0.042) (0.034) (0.034) (0.033) (0.034) 082,
Wealth Index 0.060*** 0.073** 0.060*** 0.060*** 0.063*** 0.058*** 0.060%**
(0.009) (0.012) (0.009) (0.009) (0.009) (0.009) 009)
Distance to Nearest ADMARC (KM) -0.000 -0.046** .003 -0.001 -0.000 0.000 -0.001
(0.003) (0.020) (0.003) (0.003) (0.003) (0.003) 003)
Number of observations 3,242 3,242 3,176 3,207 3,24 3,242 3,225
R2 0.373 0.550 0.386 0.372 0.375 0.375 0.376
Adjusted R2 0.362 0.435 0.368 0.360 0.363 0.363 0.363

note: ***p<0.01, ** p<0.05, * p<0.1
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Table C.5 Dropping Extreme Observations

Male Sample Female Sample
Dropping . Dropping .
top/bottom 1 D;gpplng top/bottom 1 D;lc))pplng
Base Regression percent of top/bottom 1 Base Regression percent of top/bottom 1
; percent of ; percent of
Agricultural Land Managerial Labor Agricultural Land Managerial Labor
Productivity 9 Productivity 9
Labor
Ln Managerial Labor (hours/ha) 0.227*** 0.186*** 0.208*** 0.192**+* 0.234%** 0.201***
(0.011) (0.010) (0.012) (0.017) (0.018) (0.019)
Purchased Inputs
Pesticide/herbicide use yes/no 0.446*** 0.383*** 0.429*** 0.476*** 0.618*** 0.690***
(0.054) (0.052) (0.054) (0.115) (0.121) (0.124)
Organic fertilizer use yes/no 0.021 0.02¢ 0.02: 0.001 0.03¢ 0.047
(0.024 (0.023 (0.024 (0.041 (0.044 (0.044
Ln Inorganic Fertilizer Use (kg/ha) 0.070*** 0.068*** 0.071 %+ 0.055*** 0.058*** 0.059***
(0.003) (0.003) (0.003) (0.005) (0.006) (0.006)
Ln Hired labor (days/ha) 0.102*** 0.093*** 0.101*** 0.107*** 0.113%** 0.111%*
(0.007 (0.007 (0.007 (0.011 (0.012 (0.013
Agricultural Implements Access Index 0.036*** 0.036*** 0.037** 0.032*** 0.048*** 0.047***
(0.006) (0.006) (0.007) (0.011) (0.012) (0.012)
Proportion of Plot Area Under Improved Seeds 0.041* 0.038** 0.041* 0.02¢ 0.02¢ 0.03:
(0.018 (0.017 (0.018 (0.031 (0.034 (0.034
Proportior of Plot Area Under Export Cro 1.078*** 1.010*** 1.077*** 1.074%** 1.132%** 1.116***
(0.030) (0.029) (0.030) (0.081) (0.086) (0.087)
Household Characteristics and Endowment
In GPS Total Area of the plot (ha) -0.155*** -0.149*** -0.174*** -0.318*** -0.354*** -0.417%**
(0.040 (0.038 (0.041 (0.070 (0.074 (0.075
In GPS Total Area of the plot (ha) Sque 0.056*** 0.052*** 0.049%** 0.00¢ 0.00¢ -0.01¢
(0.014) (0.014) (0.015) (0.024) (0.025) (0.026)
Elevation (m) 0.000** 0.000*** 0.000** 0.000%*** 0.000** 0.000**
(0.000 (0.000 (0.000 (0.000 (0.000 (0.000
Plot distance to household -0.00¢ -0.001 -0.00c¢ 0.001 -0.00c -0.00(¢
(0.001) (0.001) (0.001) (0.002) (0.002) (0.002)
Intercropped 0.230*** 0.215%** 0.233*** 0.265%** 0.273%** 0.280***
(0.022 (0.021 (0.022 (0.034 (0.037 (0.037
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Table C.5 Dropping Extreme Observations (Continued)

Male Sample Female Sample
Dropping . Dropping .
top/bottom 1 Dropping top/bottom 1 Dropping
. top/bottom 1 . top/bottom 1
Base Regression percent of Base Regression percent of
! percent of ; percent of
Agricultural Land Managerial Labor Agricultural Land Managerial Labor
Productivity Productivity
Manager is equal to one of the owners -0.007 -0.012 -0.01z -0.02% -0.00z 0.00(
(0.016 (0.015 (0.016 (0.031 (0.033 (0.034
Age of the manager -0.001** -0.001* -0.001** -0.000 -0.001 -0.001
(0.001 (0.001 (0.001 (0.001 (0.001 (0.001
Years of Schooling of the manager 0.00: 0.00¢ 0.00z 0.010** 0.011** 0.011*
(0.002 (0.002 (0.002 (0.004 (0.005 (0.005
Ln Non-Managerial Household Labor o . - o - .
(hours/ha) 9 0.015 0.011 0.014 0.013 0.012 0.012
(0.006) (0.006) (0.006) (0.005) (0.005) (0.006)
Ln Exchange labor (days/ha) 0.042%+* 0.042*** 0.041%+* 0.017 0.013 0.014
(0.011) (0.011) (0.011) (0.014) (0.015) (0.015)
Household Size 0.013*** 0.015*** 0.012*** 0.025%** 0.024*** 0.023***
(0.004) (0.004) (0.004) (0.007) (0.008) (0.008)
Dependency Ratio -0.008 -0.003 -0.006 -0.061*** -0.068*** -0.065***
(0.016) (0.015) (0.016) (0.017) (0.018) (0.018)
Agricultural Extension Receipt 0.030* 0.026* 0.028* 0.132%** 0.131 %+ 0.131%**
(0.017 (0.016 (0.017 (0.029 (0.031 (0.031
HH has any off-farm income -0.063*** -0.065*** -0.064*** -0.017 -0.03¢ -0.031
(0.016 (0.015 (0.016 (0.027 (0.029 (0.029
HH receives other transfers/sai net hel} 0.007 0.00: 0.00¢ -0.02¢ -0.03( -0.04:
(0.020) (0.019) (0.020) (0.031) (0.033) (0.034)
Wealth Index 0.062*** 0.060*** 0.064*** 0.055%+* 0.060*** 0.059*+*
(0.005 (0.005 (0.005 (0.009 (0.009 (0.009
Distance to Nearest ADMARC (KM) 0.004** 0.004** 0.004** -0.001 -0.00( -0.001
(0.002) (0.002) (0.002) (0.003) (0.003) (0.003)
Constant 7.958**+* 8.240%** 8.063*+* 8.54 4%+ 8.307*** 8.417%**
(0.261 (0.245 (0.261 (0.702 (0.757 (0.755
Number of observations 10,962 10,738 10,755 3,181 3,242 3,164
R2 0.38( 0.36¢ 0.36¢ 0.361 0.37¢ 0.35%
Adjusted R2 0.37¢ 0.36( 0.36¢ 0.34¢ 0.36: 0.34:

note: *** p<0.01, ** p<0.05, * p<0.1
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APPENDIX D

Table D.1
Country List
Austria Finland Italy Spain
Belgium France Netherlands Sweden
Denmark Germany Portugal United Kingdom

Note: Switzerland and Iceland were not includedase there is no fiscal government spending amfergy taxes
data available for the period of analysis that ukessame methodology as in the other countridaded on the
sample. Norway was not included because this cpismtiot an EU country and as such the regulat@ynéwork

of the EU may not apply; in addition, it is thenbs largest producer of oil and natural gas aléshe Middle
East (on a per-capita basis ), which may set ittdpam the other countries.
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Table D.2
Description of Variables

Variable

Description

Years
Available

Source

Sulfur Dioxide

Year average of daily mean SO2 concentration,agiams
per cubic meter

1995-2006

Nitrogen Dioxide

Year average of daily mean NO2 concentration, ogicms
per cubic meter

1995-2008

Ozone

Year average of daily mean O3 concentration, mgienms
per cubic meter

1995-2008

AirBase from the
European Topic Centre
on Air and Climate
Change, under contract
to the European
Environment Agency

Household final

consumption expenditure
per capita (3 year moving
average)

Market value of all goods and services includingathle
products purchased by households.

1989-2008

Share of government
expenditure on public
goods

Government expenditure on public goods over total
government expenditure. Including: Public order aafikty,
Environment protection, Housing and community ariesi
Health, Recreation, culture and Religion, EdwurgtSocial
protection

1989-2008

Share of total governmen|
expenditure over GDP

‘ Total Government Expenditure over GDP

1989-20

Trade Intensity

Imports of goods and services plus exports of geods
services over GDP

1994-2008

EUROSTAT

Energy Tax Rate

Implicit Tax Rate on Energy

199680

EUROSTAT Statistical
Books (2009)

Regulation on Large
Utilities (Large
Combustion Plant
Directive)

The Large Combustion Plant Directive (LCP) refershe
Directive 2001/80/EC of the European Parliamentefritie
Council of 23 October 2001 on the limitation of esion of
certain pollutants into the air from Large CombuoistPlants.
The LCP Directive entered into force on 27 Novenf@g1.
The Directive sets emission level values (ELV'S) $©2,
NOX and dust into the air from combustion plantthvei
rated thermal input equal to or exceeding 50 MWwvNe
combustion plants (licensed after 1 July 1987) mus¢t the
ELVs given in the LCP Directive. A distinction isaahe
between new plants licensed before and after 2 &Mber
2002, with the latter ones having to meet moregémt
ELVs. The regulation dummy, takes the value ofobrfr
2001 (year in which it was enforced), and O othsewf the
country was an EU member in those years.

1990-2008

EEA Report No 2/2007|

Regulation on NOx

This variable is reciprocal of the standard emis$ével
values of NOx under the EURO |, II, lll, IV Diregts for
Large Goods Vehicles, measured in g/kWh: 1992-199%h=
1995-1999=7.0, 1999-2005=5.0,

2005-2008=3.5.

1990-2008

EEA Report No 2/2007|

Heating Degree Days

Measurement that reflects the demand for energgate®
heat a home or business. The measured used isvRelat
Degree Days (RDD25) that is the ratio betweeruaict
heating degree-days (ADD) and Mean heating dedags-
over period 1980 — 2004 (MDD25)

ADD express the severity of the cold in a spetifite
period taking into consideration outdoor tempeaamd
room temperature.

To establish a common and comparable basis, Etrosta
defined the following method for the calculationhafating
degree days: (18 °C - Tm) x d, if Tm is lowerrttea equal
to 15 °C (heating threshold), where Tm is the mean
(Tmin + Tmax / 2) outdoor temperature over a geobdd
days. Calculations are to be executed on a dadlistfd=1),
added up to a calendar month -and subsequentlyeara
and published for each Member State separately.

1995-2008

EUROSTAT
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Table D.3
Summary Statistics

Variable Mean Std. Dev, Min Max Units
S0z 6.73 547 | 0.003| 85.47
NO2 ug/m3 microgram
29.26 15.72 0.31 120.13 per Cubic Meter
o3 48.31 13.91| 0.96| 117.17
Household final
ti dit 1995 E
ber capita (3 year moving 2.08 1.14 | -0.45 5.30 uros
average)
Share of government
expenditure on public 0.74 0.03 0.65 0.80
goods
Sh f total t
expenditure over GO | 0.47 0.05 0.38 0.63
Euros per Ton of
Energy Tax Rate 1.66 0.37 0.91 3.16 Oil Equivalent
Trade Intensity 0.74 0.26 0.47 1.73
Heating Degree Days 0.95 0.06 0.80 1.19
Table D.4
Measures of Variability
Standard Coefficient of
Deviation Variability
S02 5.47 0.81
NO2 15.72 0.54
03 13.91 0.29
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Table D.5
Annual Country Averages of SO2 (ug/m3)

1996 | 1997| 1998 1999 200p 2001 2002 2003 2004  200X06 | 2007 | 2008
Austria 12.9 9.4 7.5 6.3 59 5.2 5.3 5.1 3B 39 93 30 25
Belgium 18.4 15.6 14.1 9.4 8.4 9.2 8.2 8.y 8la 80 8.5 7.6 6.2
Denmark 7.9 3.6 2.7 1.9 2.0 1.0 2.2 2.6 17 119 1515 15
Finland 4.1 29 29 2.0 14 1.8 19 25 2p 2[0 24 20 2.0
France 7.6 7.0 6.5 6.9 5.5 5.1 511 a7
Germany 14.2 9.9 7.4 6.0 5.2 4.8 4.7 50 412 44 5 4 4.1 3.9
Italy 9.9 8.0 7.7 7.9 7.9 6.9 5.3 4 4. 39
Netherlands 8.9 6.7 5.6 4.7 4.4 3.7 38 3[8 35 3634 25 2.5
Portugal 11.0 10.7| 10.4 9.2 7.6 4.6 50 4/4 3.2 39 29
Spain 17.7 13.7 15.9 13.9 10.7 9.6 10.3 8|0 8.2 8279 7.7 6.3
Sweden 3.1 2.2 1.6 2.0 1.9 1.8 1.6 18 117 23 1.81.6 1.3
Kli':]r;éeodm 18.1 13.8 12.0 9.5 8.8 9.2 7.2 7.1 5.8 4[7 45 4138
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Table D.6
Annual Country Averages of NO2 (ug/m3)

1996 | 1997| 1998] 1999 2000 2001 2002 2403 2004 20@006 | 2007| 2008
Austria 252 | 238| 235 231 235 226 230 244 228 253 | 269| 246| 241
Belgium 339 | 337| 205 309 300 320 321 348 23p 324 | 318| 305 295
Denmark 315| 303| 246 254 227 2206 263 282 925.27.2 | 282| 244| 254
Finland 247| 208 245 164 150 1644 184 168 618 151 | 166| 153 141
France 312 304 288 318 275 218 268632
Germany 317| 316 208 281 267 261 263 291 226276 | 202| 282| 285
Italy 464 | 458| 436 456 390 3709 389 238 344
Netherlands 352 353 318 311 205 294 201 30801 | 289| 284| 302 314
Portugal 284| 282 200 201 2000 301 283 826243 | 266| 250
Spain 60.4| 649 420 413 350 331 285 261 25.®62 | 242 | 236| 208
Sweden 88| 90| 120 148 15p 17)6 185 184 178761 185| 166| 17.3
%"Jé%%m 433 | 434| 411| 413 384 387 352 385 334 3p5223 361 300
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Table D.7
Annual Country Averages of O3 (ug/m3)

1996 | 1997| 1998] 1999 2000 2001 20 2003 2(Lo4 200906 2 2007 | 2008
Austria 521 | 520| 552| 547 574 575 575 63 57 5757685 556 | 537
Belgium 37.2 | 420 | 435| 471 413 428 416 463 415  4p1404 397 | 414
Denmark 547 | 513 515/ 48d 511 498 475 543 50.8609
Finland 613 | 614 | 57.7| 612 556 567 606 57 564 588855 516| 528
France 452 | 479| 491 544 490 508 51 48.3
Germany 409 | 426| 449| 469 434 450 454 51 413 474964 471| 47.0
Italy

481 | 486| 443 543 500 518 54 51.2 049

Netherlands ,.

344 | 347| 362| 401 353 372 371 40 401 380014 388| 380
Portugal 288 | 27.4| 369| 413 426 475 47 518 526 .258 50.8
Spain 466 | 457| 462| 477 466  49f 47 498 502 .94D 516
Sweden 592 | 569 | 526| 5700 544 532 599 56 579 5498285 547 | 559
United
Kingdom 400 | 367 | 389| 424 408 396 41 44 441 4B4724 437| 47.9
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Figure D.1
Share of Government Expenditure on Public Good9542D08)
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TableE.1

Comparison of Different Specifications of the Regians of SO2

) RSE with
RSE with 4 | Country Fixed | RSE vitn RSE with RSE with RSE with RSE with RSE with
RSE coun;[fry Fixe Effects and Yeaf TVCE order 1 | TVCE order 2 TVCE order 3 TVCE order 4 TVCE order 5 TVCE order 6
Effects Fixed Effects
ures in public goods over 1 -0.027 -0.58** -0.06 -0.41 -1.18* -1.08 -2.52** -3.60** -82**
ditures (lagg [0.10] [0.18] [0.18] [0.22] [0.39] [0.56] [0.79] [0.92] [27]
2rnment expenditures ¢ 0.20* -0.89* -0.2 0.48 -0.95 -0.53 -2.19 -3.12* -5.52%
[0.07] [0.24] [0.27] [0.40] [0.64] [0.83] [1.18] [1.32] [Z8]
; -0.01 -0.04 0.01 0.05 0.03 0.01 0.01 -0.04 -0.11
Energy Tax Ra
[0.03] [0.03] [0.03] [0.04] [0.04] [0.05] [0.05] [0.05] [06]
; . | -0.035* -0.06** -0.49** -0.46** -0.45* -0.46** -0.46** -0.48** -0.49**
Regulation over large Pl
[0.01] [0.01] [0.06] [0.06] [0.06] [0.06] [0.06] [0.06] [07]
"Log of Trade (X+M)/GL -0.95** -1.06% [ -0.14 -0.56* -0.59* -0.59* -0.70* -0.73* -3+
[0.10] [0.12] [0.20] [0.22] [0.23] [0.26] [0.28] [0.29] [@0]
- 3-Year Moving Average 0.01** 0.02** 0.03** 0.05** 0.05* 0.05* 0.05* 0.04* 0.05
nal consumption per cap [0.003] [0.006] [0.007] [0.008] [0.009] [0.01] [0.01] [[0%)] [0.02]

Yo** significant at 1%



Table E.2

Comparison of Different Specifications of the Regians of NO2

) RSE with
RSEWI 1 country Fixed | RSE with RSE with RSE with RSE with RSE with RSE with
RSE country Fixed Effects and Yeal TVCE order 1 TVCE order 2 TVCE order 3 TVCE order 4 TVCE order 5 TVCE order 6
Effects .
Fixed Effects
Share of expenditures in public goods over tptal 0.01 -0.12 0.29** 0.20 -0.17 -0.10 -0.33 -0.30 -0.19
government expenditures (lagg [0.05] [0.08] [0.09] [0.11] [0.17] [0.24] [0.30] [0.35] [@9]
Share of total government expenditures ovef  0.11** -0.06 -0.15 -0.23 -0.90** -0.41 -0.67 -0.70 -0.37
GDP (lagged) [0.04] [0.10] [0.12] [0.19] [0.28] [0.34] [0.45] [0.51] [@1]
. . -0.07* -0.08** -0.14* -0.13* -0.13* -0.15* -0.18** -0.19** -0.18**
Time difference of Energy Tax Rate
[0.02] [0.02] [0.02] [0.02] [0.0221] [0.02] [0.03] [0.03] 0[03]
Time difference of Regulation over NOx 0.10* 0.12* 8D. -0.84 -0.76 -0.84 -0.90 -0.83 -0.34
[0.05] [0.05] [0.52] [0.52] [0.51] [0.51] [0.51] [0.52] [B1]
Time difference of Log of Trade (X+M)/GL -0.21** -0.26** 0.21* 0.26* 0.2¢ 0.12 0.17¢ 0.1 -0.41
[0.05] [0.06] [0.11] [0.12] [0.13] [0.14] [0.15] [0.17] [@5]
Time difference of 3-Year Moving Average ¢f 0.003 0.01 0.01 0.01 0.02* 0.004 0.001 0.005 0.004
Ln of Household final consumption per capitqa  [0.002] [0.003] [0.005] [0.005] [0.005] [0.007] [0.009] o] [0.01]

* significant at 5%; ** significant at 1%
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Table E.3

Comparison of Different Specifications of the Regians of O3

) RSE with
RSE co’jr?tE V;l:lth d Country Fixed RSE with RSE with RSE with RSE with RSE with RSE with
Ty ixe Effects and Yeal TVCE order 1 TVCE order 2 TVCE order 3 TVCE order 4 TVCE order 5 TVCE order 6
Effects .
Fixed Effects
Share of expenditures in public goods over tptal-0.0298 -0.40** -0.26** -0.25* -0.24 -0.58* -0.634 -1.21% -1.70**
government expenditures (lagg [0.08] [0.08] [0.09] [0.11] [0.178] [0.26] [0.33] [0.40] [62]
Share of total government expenditures ovef -0.0655 -0.47** -0.48** -0.31 -0.34 -0.99** -0.10* -1.65** -1.73*
GDP (lagged) [0.06] [0.10] [0.13] [0.18] [0.28] [0.37] [0.45] [0.52] [@n
. . 0.10** 0.09** 0.03 0.05* 0.03 0.04 0.04 0.07* 0.06
Time difference of Energy Tax Rate
[0.02] [0.02] [0.02] [0.02] [0.03] [0.03] [0.03] [0.03] [04]
Time difference of Regulation over NOx 0.17* 0.18* i) 1.60 1.49 1.37 1.35 1.47 154
[0.04] [0.04] [0.86] [0.86] [0.86] [0.86] [0.86] [0.86] [@3]
Time difference of Log of Trade (X+M)/GL -0.44** -0.44** -0.0¢ -0.17 -0.0¢ -0.04 0.0z -0.0z -0.22
[0.07] [0.07] [0.15] [0.16] [0.17 [0.19] [0.20] [0.23] [@3]
Time difference of 3-Year Moving Average ¢f 0.002 0.001 -0.006 -0.001 0.004 0.02* 0.03* 0.03* 0.03*
Ln of Household final consumption per capitqa  [0.003] [0.003] [0.005] [0.005] [0.005] [0.008] [0.01] [@1] [0.01]

* significant at 5%; ** significant at 1%
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APPENDIX F

F.1 Extreme Observations Checks

Dropping the top and bottom 1% of the observatmmgach year.

Table

F.1

Coefficient of Share of Expenditures in Public Goodthe RSE-TVCE Regressions

Bottom 1% of Share of Top 1% of Share of | Top and Bottom 1% of
Regression Public Goods Public Goods Share of Public Goods
Expenditures Expenditures Expenditures
sO?2 -5.35%* -5.33** -4.33**
03 -1.40%* -1.65** -3.13**

* significant at 5%; ** significant at 1%

Table F.2
Coefficient of Share of Expenditures in Public Goodthe RSE-TVCE Regressions

Reqression Bottom 1% of Top 1% of Pollutant| Top and Bottom 1%
d Pollutant of Pollutant
sO?2 -6.34** -4.22** -5.04**

03 -1.66** -1.13* -1.19**

* significant at 5%; ** significant at 1%

Table F.3
Coefficient of Energy Tax in the RSE-TVCE Regrassio

Regressions

Bottom 1% of Energy
Tax Rate

Top 1% of Energy Tax
Rate

Top and Bottom 1% of
Energy Tax Rate

NO2

-0.19**

-0.19**

-0.32**

* significant at 5%; ** significant at 1%

Table F.4
Coefficient of Energy Tax in the RSE-TVCE Regrassio

Regressions

Bottom 1% of
Pollutant

Top 1% of Pollutant

Top and Bottom 1%
of Pollutant

NO2

-0.19**

-0.19**

-0.20**

* significant at 5%; ** significant at 1%
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Table F.5
Coefficient of Trade Intensity in the RSE-TVCE Rsgions

Regressions

Bottom 1% of Trade
Intensity

Top 1% of Trade
Intensity

Top and Bottom 1% of
Trade Intensity

SO2

-1.19**

-0.93*

-1.04*

* significant at 5%; ** significant at 1%

Table F.6
Coefficient of Trade Intensity in the RSE-TVCE Rsgions

Regressions

Bottom 1% of
Pollutant

Top 1% of Pollutant

Top and Bottom 1%
of Pollutant

S0O2

-0.21

-1.27**

-0.46

* significant at 5%; ** significant at 1%
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F.2 Country dominance Checks
Dropping one country in each estimation

Figure F.1
Coefficient of the Share of public Goods in the RYEE Regression for SO2
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Figure F.2
Coefficient of the Share of public Goods in the RSEE Regression for O3
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Figure F.3
Coefficient of the Energy Taxes in the RSE-TVCHEdRsmpn for NO2
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APPENDIX G

Table G.1
Analysis of the Predicted Values of the Time-Varyiountry Effectsk;,)

S0O2 NO2 03

Number of countries withb,=bs=0 4 5 5
Signs of the Predictedv;, Values
Number of countries with positive predicted 0 0 0
values for all years
Number of countries with negative

) 6 0 4
predicted values for all years
Number of countries with predicted values

. : 5 11 7

that change sign over time
Monotonicity of the Predicted Vi Values
Number of countries with monotonic

) . 0 0 0
predicted values over time
Number of countries with one turning point
) . 3 0 0
in the predicted values
Number of countries with two turning

L . 8 11 11

points in the predicted values
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APPENDIX H

Table H.1 Scale-Free Normalized Difference

Male-Managed Female-ManagedDifference Normalized
Plot Sampl Plot Sampl Difference

Plot Manager Characteristit
Manager & Owner Overlag 0.5¢ 0.77 -0.1¢ -0.1¢
Age (Years 41.5¢ 46.8¢ -5.3C -0.14
Years of Schoolir 5.67 3.3¢ 2.34 0.2¢€
Plot Aree
Log[GPS-Based Plot Area (H/ -1.1¢ -1.31 0.1z 0.07
Log[GPS-Based Plot Area (HA) Squar 2.0C 2.3¢€ -0.3¢€ -0.0€
Plot Non-Labor Input Us
Incidence of Pesticide/Herbicide Us 0.0z 0.01 0.01 0.04
Incidence of Organic Fertilizer Use 0.1z 0.11 0.01 0.01
Log[Ilnorganic Fertilizer Use (KG)/H, 3.3€ 3.1¢ 0.2C 0.0¢
Plot Labor Input Us
Log[Household Male Labor Use (Hours)/t 5.7¢€ 2.3¢ 3.3¢ 0.5¢
Log[Household Female Labor Use (Hours)/ 5.47 6.0C -0.52 -0.17
Log[Household Child Labor Use (Hours)/F 1.0¢€ 1.6 -0.57 -0.1C
Log[Hired Labor Use (Days)/H. 0.67 0.6t 0.0z 0.01
Log[Exchange Labor Use (Days)/F 0.2C 0.31 -0.11 -0.0€
Plot Locatior
Elevation (M 946.02 878.4¢ 67.5¢€ 0.1C
Distance to Household (KP 2.2¢ 1.8t 0.44 0.0z
Plot Cultivatior
Intercropped 0.3C 0.41 -0.11 -0.1C
Share of Plot Area Under Improved Se 0.3¢ 0.3t 0.04 0.04
Share of Plot Area Under Export Crt 0.1C 0.0z 0.07 0.1t
Household Characteristi
Household Siz 5.14 4.2¢ 0.8t 0.17
Child Dependency Rat 0.6¢€ 0.71 -0.02 -0.0z
Agricultural Extension Receipt
Household Characteristi 0.2¢ 0.2t 0.04 0.04
Access to Non-Farm Labor Income 0.44 0.3¢ 0.0t 0.04
Access to Non-Farm Non-Labor Incom: 0.22 0.2 -0.01 -0.01
Wealth Inde: -0.54 -0.8¢ 0.3t 0.0€
Agricultural Implement Access Ind 0.8t 0.1€ 0.6¢ 0.23
Distance to Nearest ADMARC (KM 8.0z 8.07 -0.0t 0.0C
Household Agro-Ecological Zone Classificat
Tropic-warm/semiarid 0.4¢ 0.4¢ 0.01 0.01
Tropic-warm/subhumid 0.2¢ 0.3t -0.07 -0.07
Tropic-cool/semiarid 0.1€ 0.1 0.04 0.0&
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Table H.2: List of Additional Controls

Variable Data Source

Plot Geospatial Characteristics

Predominant Soil Type: Sandy IHS3

Farmer Assessment of Soil Quality: Good T IHS3

Irrigated T IHS3

Percent of Land Classified as Agriculture withiKiz Radius of Plot

Location GlobCover 2009

Plot Slope (Percentage) SRTM v4

Potential Wetness Index Africa Soil Information Service (AfSIS):
Topographic

No or Slight Constraint on Nutrient Availability Harmonized World Soil Database (HWSD)

No or Slight Constraint on Nutrient Retention Calfyat Harmonized World Soil Database (HWSD)

No or Slight Constraint on Rooting Conditions Hanmed World Soil Database (HWSD)

No or Slight Constraint on Oxygen Availability fBroots T Harmonized World Soil Database (HWSD)

No or Slight Constraint on Excess Salts T Harmonidd Soil Database (HWSD)

No or Slight Constraint on Toxicity T Harmonized WdBoil Database (HWSD)

No or Slight Constraint on Workability HarmonizZétbrld Soil Database (HWSD)

Erosion: None t

Erosion: Slight T

Erosion: Slight to moderate 1 (omitted category)
Soil Depth: Shallow

Soil Depth: Deep T

Soil Depth: Very Deep T (omitted category)
Surface Texture: Clay, Clay-Loamy t

Surface Texture: Loamy, Loamy-Sandy T
Surface Texture: Sandy t

Surface Texture: Sandy-Clay, Loam-Sandy-Clay T
Surface Texture: Sandy-Loam T

Surface Texture: Other 1 (omitted category)
Sub-surface Texture: Clay, Clay-Loamy T

Soil Map of Malawi, Land Resources Evaluation
Sub-surface Texture: Loamy, Loamy-Sandy

Project
Sub-surface Texture: Sandy T
Sub-surface: Sandy-Clay, Loam-Sandy-Clay 1
Sub-surface: Sandy-Loam t
Sub-surface: Other T (omitted category)
Drainage: Very Poor T
Drainage: Poor
Drainage: Poor to Imperfect
Drainage: Imperfect T
Drainage: Imperfect to Moderately Well T
Drainage: Moderately Well ¥
Drainage: Moderately Well to Well T
Drainage: Well ¥
Drainage: Somewhat Excellent T (omitted category)
Other Plot Characteristics
Duration Between Planting and Harvesting (Months) S3H
Duration of Last Fallow Period (Years) IHS3
Tree/Permanent Crops Grown on Plot t IHS3
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Table H.2 (Cont'd)

Variable

Data Source

Household Characteristics

# of Household Members 0-5

# of Household Members 6-14

# of Household Male Members 15-59

# of Household Female Members 15-59

# of Household Members 60+

Ratio of # of Sick Adult Household Members & Tatabf Adult
Household Members

Household Distance to Nearest Road (Eucledian, KMs)
Household Distance to Nearest Locality with 20,0B@pulation
(Eucledian, KMs)

Community Characteristics

Residents Pay Vilage Headman When Selling or Ragiog Land
Savings and Credit Cooperative in the Commur

Distance to Nearest Commercial Bank (KMs)

Distance to Nearest Micro-Finance Institution (KMs)
Assistant Agriculture Extension Development Offit@es in the
Community t

Distance to Nearest Agriculture Extension Developin@{ficer KMs)
Irrigation Scheme in the Community

# of Fertiizer Sellers in the Community

# of Hybrid Maize Seed Sellers in the Community
Community Net Receiver of Population

IHS3
IHS3
IHS3
IHS3
IHS3

IHS3
IHS3

IHS3

IHSG

IHSZ
IHS3

IHS3

IHS3
IHS3
IHS3
IHS3
IHS3
IHS3
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Table H.3: Exploring the Presence of Omitted Variabe Bias in Base OLS Regression Results Underlyinge Mean Decompositio
Dependent Variable: Log[Plot Value of Output (MK}
Pooled Samp

Category of Additional Covariates Integrated int®tBase Regressi

District

Plot Geospatial

Other Plot

Household

Community

Base Fixed Effect Characteristic Characteristic Characteristic.  Characteristic
Plot Manager Characteristit
Female - -0.045* -0.059** -0.051* -0.049* -0.048* -0.041
(0.027) (0.027) (0.027) (0.027) (0.027) (0.027)
Manager & Owner Overlag 0.01¢ 0.00< 0.022 0.01t 0.01¢ 0.01<
(0.020) (0.019) (0.019) (0.020) (0.020) (0.020)
Age (Years -0.001 -0.001 -0.001 -0.001 0.001 -0.001
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Years of Schoolir 0.007** 0.00: 0.006** 0.007** 0.007** 0.007**
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
Plot Aree
Log[GPS-Based Plot Area (H# -0.282***  -0.296*** -0.284*** -0.284*** -0.278*** -0.287***
(0.030) (0.029) (0.030) (0.030) (0.030) (0.029)
Log[GPS-Based Plot Area (HA) Squar 0.044*** 0.045%** 0.045%** 0.044*** 0.045*** 0.043***
(0.009) (0.008) (0.009) (0.009) (0.009) (0.009)
Plot Non-Labor Input Us
Incidence of Pesticide/Herbicide Us 0.395%** 0.436*** 0.377*** 0.390*** 0.397*** 0.397***
(0.076) (0.068) (0.074) (0.078) (0.077) (0.075)
Incidence of Organic Fertilizer Us¢ 0.04% 0.042 0.051** 0.046* 0.04% 0.041
(0.027) (0.027) (0.026) (0.028) (0.027) (0.027)
Log[lnorganic Fertilizer Use (KG)/H: 0.077*** 0.081*** 0.080*** 0.077*** 0.077*** 0.078***
(0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
Plot Labor Input Us
Log[Household Male Labor Use (Hours)/k 0.028*** 0.027*** 0.027*** 0.028*** 0.030*** 0.029%**
(0.005) (0.005) (0.005) (0.005) (0.006) (0.005)
Log[Household Female Labor Use (Hours)/| 0.032*** 0.030*** 0.031%** 0.032*** 0.034*** 0.032%**
(0.007) (0.007) (0.007) (0.007) (0.008) (0.007)
Log[Household Child Labor Use (Hours)/F 0.001 0.00C 0.002 0.001 -0.002 -0.00C
(0.004) (0.004) (0.004) (0.004) (0.005) (0.004)
Log[Hired Labor Use (Days)/H, 0.079*** 0.075*** 0.074*** 0.080*** 0.079*** 0.078***
(0.008) (0.008) (0.008) (0.008) (0.008) (0.008)
Log[Exchange Labor Use (Days)/F 0.040*** 0.026** 0.032*** 0.038*** 0.041*** 0.039***
(0.012) (0.011) (0.011) (0.012) (0.012) (0.012)
Plot Locatior
Elevation (M 0.000*** 0.00c 0.000*** 0.000*** 0.000*** 0.000***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
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Table H.3 (Cont'd)

Category of Additional Covariates Integrated int®tBase Regressi

District Plot Geospatial  Other Plot Household Community
Base Fixed Effect Characteristic Characteristic Characteristic. Characteristic
Plot Locatior
Distance to Household (KP -0.001** -0.001 -0.001 -0.001** -0.001** -0.001**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Plot Cultivatior
Intercropped 0.110%*** 0.291%** 0.179*** 0.096*** 0.1112%** 0.114%**
(0.025) (0.027) (0.025) (0.026) (0.025) (0.025)
Share of Plot Area Under Improved Se 0.099*** 0.079%** 0.100%** 0.094**= 0.097*** 0.100%**
(0.023) (0.022) (0.022) (0.022) (0.023) (0.023)
Share of Plot Area Under Export Crt 1.213%** 1.183*** 1.218*** 1.230%** 1.213*** 1.205%**
(0.040) (0.040) (0.040) (0.041) (0.039) (0.040)
Household Characteristi
Household Siz 0.014**= 0.011* 0.012%** 0.013**= -0.067*** 0.015%**=*
(0.005) (0.004) (0.004) (0.005) (0.024) (0.005)
Child Dependency Rat -0.011 -0.01¢ -0.02( -0.00¢ -0.01¢ -0.012
(0.016) (0.015) (0.015) (0.016) (0.022) (0.016)
Agricultural Extension Receipt 0.077*** 0.034* 0.071*** 0.075*** 0.079*** 0.082**=*
(0.021) (0.019) (0.020) (0.021) (0.021) (0.021)
Access to Non-Farm Labor Incom -0.076***  -0.076*** -0.075%** -0.076*** -0.080*** -0.075%**
(0.019) (0.017) (0.018) (0.019) (0.019) (0.019)
Access to Non-Farm Non-Labor Incom -0.054** -0.01C -0.027 -0.053* -0.057** -0.054**
(0.027) (0.025) (0.024) (0.028) (0.027) (0.027)
Wealth Inde 0.055*** 0.059*** 0.055*** 0.056*** 0.055*** 0.055***
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006)
Agricultural Implement Access Ind 0.042*** 0.030%** 0.038*** 0.041**= 0.042*** 0.041%*=
(0.008) (0.008) (0.008) (0.009) (0.009) (0.009)
Distance to Nearest ADMARC (KM 0.001 0.00: 0.002 0.001 0.002 0.001
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
Household Agro-Ecological Zone Classificat
Tropic-warm/semiarid 0.170** 0.017 0.190*** 0.175** 0.171** 0.183**=
(0.071) (0.088) (0.069) (0.072) (0.074) (0.065)
Tropic-warm/subhumid 0.09¢ 0.157* 0.158* 0.09¢ 0.101 0.11¢
(0.073) (0.086) (0.073) (0.075) (0.076) (0.071)
Tropic-cool/semiarid 0.07% -0.04¢ 0.09¢ 0.06¢ 0.06¢ 0.09:
(0.079) (0.089) (0.074) (0.080) (0.081) (0.075)
Observations 16,37: 16,37: 16,01¢ 16,15: 16,37: 16,23¢
Adjusted R-Squarec 0.33¢ 0.36% 0.357 0.33¢ 0.33¢ 0.33¢
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Table H.4: Exploring the Presence of Omitted Variabe Bias in Base OLS Regression Results Underlyingg Mean Decompositio
Dependent Variable: Log[Plot Value of Output (MK}
Male-Managed Plot Samg

Category of Additional Covariates Integrated inbetBase Regressi

District

Plot Geospatial

Other Plot

Household

Community

Base¢ Fixed Effect Characteristic Characteristic Characteristic _Characteristic
Plot Manager Characteristic
Female
Manager & Owner Overlag 0.02( -0.00¢ 0.02¢ 0.01¢ 0.021 0.01¢
(0.022) (0.022) (0.022) (0.023) (0.022) (0.022)
Age (Years -0.002* -0.002* -0.002* -0.002** 0.00c -0.002**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Years of Schoolir 0.00¢ 0.00z 0.004 0.00¢ 0.00¢ 0.00¢
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
Plot Aree
Log[GPS-Based Plot Area (H/ -0.261***  -0.267*** -0.260*** -0.262*** -0.262*** -0.268***
(0.034) (0.034) (0.035) (0.035) (0.034) (0.034)
Log[GPS-Based Plot Area (HA) Squar 0.043*** 0.046*** 0.045*** 0.044*** 0.043*** 0.042%**
(0.010) (0.010) (0.0112) (0.012) (0.010) (0.010)
Plot Non-Labor Input Us
Incidence of Pesticide/Herbicide Us 0.360*** 0.405*** 0.326*** 0.358*** 0.367*** 0.363***
(0.077) (0.070) (0.075) (0.078) (0.077) (0.077)
Incidence of Organic Fertilizer Us¢ 0.054* 0.04¢ 0.063** 0.056* 0.055* 0.052*
(0.032) (0.032) (0.031) (0.032) (0.032) (0.031)
Log[Inorganic Fertilizer Use (KG)/H, 0.081*** 0.084*** 0.083*** 0.080*** 0.081*** 0.081***
(0.004) (0.004) (0.005) (0.005) (0.005) (0.005)
Plot Labor Input Us
Log[Household Male Labor Use (Hours)/t 0.067*** 0.066*** 0.063*** 0.067*** 0.065*** 0.069***
(0.009) (0.009) (0.009) (0.009) (0.009) (0.009)
Log[Household Female Labor Use (Hours)/| 0.016** 0.015* 0.017** 0.017** 0.019** 0.017**
(0.008) (0.008) (0.008) (0.008) (0.008) (0.008)
Log[Household Child Labor Use (Hours)/F 0.00¢€ 0.007 0.007 0.00¢ 0.00< 0.00%
(0.005) (0.005) (0.005) (0.005) (0.006) (0.005)
Log[Hired Labor Use (Days)/H. 0.080*** 0.076*** 0.076*** 0.081*** 0.081*** 0.080***
(0.009) (0.009) (0.009) (0.009) (0.009) (0.009)
Log[Exchange Labor Use (Days)/F 0.042*** 0.028** 0.036*** 0.040*** 0.044*** 0.041***
(0.014) (0.014) (0.013) (0.014) (0.014) (0.014)
Plot Locatior
Elevation (M 0.000*** 0.00c 0.000*** 0.000*** 0.000*** 0.000***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
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Table H.4 (Cont'd)

Category of Additional Covariates Integrated inbetBase Regressi

District Plot Geospatial  Other Plot Household Community
Bas¢ Fixed Effect Characteristic Characteristic Characteristic Characteristic
Plot Locatior
Distance to Household (Kt -0.001 -0.00C 0.00c -0.001 -0.001 -0.001
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Plot Cultivatior
Intercropped 0.089*** 0.270%** 0.156*** 0.077*** 0.089*** 0.094***
(0.028) (0.032) (0.029) (0.029) (0.028) (0.029)
Share of Plot Area Under Improved Se 0.095*** 0.078*** 0.091%** 0.088*** 0.093*** 0.098***
(0.025) (0.023) (0.024) (0.025) (0.024) (0.025)
Share of Plot Area Under Export Cr 1.187*** 1.162%** 1.191%** 1.202%** 1.183*** 1.178***
(0.040) (0.040) (0.040) (0.042) (0.040) (0.040)
Household Characteristi
Household Siz 0.011* 0.00¢ 0.00¢ 0.010* -0.061** 0.012**
(0.006) (0.006) (0.006) (0.006) (0.028) (0.006)
Child Dependency Rat 0.03z 0.02¢ 0.02¢ 0.03: 0.03¢ 0.02¢
(0.020) (0.019) (0.020) (0.021) (0.028) (0.021)
Agricultural Extension Receipt 0.053** 0.01% 0.048** 0.053** 0.054** 0.056**
(0.022) (0.021) (0.022) (0.022) (0.022) (0.023)
Access to Non-Farm Labor Incom -0.075%**  -0.076*** -0.081*** -0.073*** -0.076%** -0.071%**
(0.021) (0.020) (0.021) (0.021) (0.022) (0.022)
Access to Non-Farm Non-Labor Incom -0.03t 0.00< -0.011 -0.02¢ -0.03t -0.031
(0.031) (0.029) (0.029) (0.032) (0.031) (0.030)
Wealth Inde: 0.062*** 0.066*** 0.061*** 0.063*** 0.062*** 0.062***
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006)
Agricultural Implement Access Ind 0.041*** 0.029*** 0.038*** 0.041*** 0.041%*= 0.040***
(0.010) (0.010) (0.009) (0.010) (0.010) (0.010)
Distance to Nearest ADMARC (KM 0.00< 0.005* 0.00< 0.00< 0.00< 0.00«
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
Household Agro-Ecological Zone Classificat
Tropic-warm/semiarid 0.186** 0.03¢ 0.213**= 0.196** 0.189* 0.215%**
(0.077) (0.091) (0.076) (0.078) (0.081) (0.070)
Tropic-warm/subhumid 0.135* 0.168* 0.174** 0.136* 0.136* 0.161**
(0.081) (0.091) (0.080) (0.082) (0.082) (0.077)
Tropic-cool/semiarid 0.11¢ -0.00& 0.158** 0.11% 0.11¢ 0.152*
(0.086) (0.093) (0.080) (0.087) (0.088) (0.082)
Observations 12,02¢ 12,02¢ 11,75t 11,885 12,02¢ 11,92(
R-Squarec 0.341 0.36¢ 0.36( 0.341 0.341 0.34:
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Table H.5: Exploring the Presence of Omitted Variabe Bias in Base OLS Regression Results Underlyinbg Mean Decompositio
Dependent Variable: Log[Plot Value of Output (MK}
Female-Managed Plot Sam|

Category of Additional Covariates Integrated int®tBase Regressi

District

Plot Geospatial

Other Plot

Household

Community

Base Fixed Effect Characteristic. Characteristic Characteristic.Characteristic
Plot Manager Characteristic
Female
Manager & Owner Overlag -0.01¢ 0.02¢ -0.00¢ -0.00¢ -0.01¢ -0.01¢
(0.040) (0.038) (0.038) (0.041) (0.040) (0.040)
Age (Years 0.001 -0.00C 0.00c 0.001 0.00z 0.001
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Years of Schoolir 0.015*** 0.011** 0.015*** 0.015*** 0.015*** 0.014***
(0.005) (0.005) (0.005) (0.005) (0.005) (0.005)
Plot Aree
Log[GPS-Based Plot Area (H/ -0.296***  -0.326*** -0.322%** -0.292%** -0.288*** -0.299%**
(0.046) (0.046) (0.049) (0.047) (0.046) (0.046)
Log[GPS-Based Plot Area (HA) Squar 0.042%* 0.039*** 0.040%** 0.043*** 0.044*** 0.041***
(0.013) (0.013) (0.014) (0.013) (0.013) (0.013)
Plot Non-Labor Input Us
Incidence of Pesticide/Herbicide Us 0.491*** 0.526*** 0.536*** 0.471%** 0.487** 0.501***
(0.136) (0.118) (0.119) (0.139) (0.137) (0.134)
Incidence of Organic Fertilizer Us¢ 0.01% 0.03C 0.02( 0.022 0.01% 0.00¢
(0.045) (0.044) (0.043) (0.046) (0.046) (0.046)
Log[Inorganic Fertilizer Use (KG)/H, 0.066*** 0.068*** 0.070*** 0.065*** 0.065*** 0.065***
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007)
Plot Labor Input Us
Log[Household Male Labor Use (Hours)/t 0.00% 0.00< 0.002 0.00¢ 0.007 0.00¢
(0.007) (0.006) (0.006) (0.007) (0.008) (0.007)
Log[Household Female Labor Use (Hours)/ 0.053*** 0.050%** 0.051*** 0.056*** 0.050*** 0.054**=*
(0.015) (0.015) (0.015) (0.016) (0.015) (0.016)
Log[Household Child Labor Use (Hours)/F -0.011* -0.013** -0.007% -0.011* -0.015** -0.011*
(0.006) (0.006) (0.006) (0.006) (0.007) (0.006)
Log[Hired Labor Use (Days)/H. 0.088*** 0.087*** 0.084*** 0.090*** 0.088*** 0.090***
(0.014) (0.014) (0.014) (0.014) (0.014) (0.014)
Log[Exchange Labor Use (Days)/F 0.03: 0.02: 0.01¢ 0.03C 0.02¢ 0.032*
(0.020) (0.019) (0.018) (0.020) (0.020) (0.019)
Plot Locatior
Elevation (M 0.000*** 0.00c 0.000*** 0.000*** 0.000*** 0.000***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

195



Table H.5 (Cont'd)

Category of Additional Covariates Integrated intetBase Regressi

District Plot Geospatial  Other Plot Household Community
Bas¢ Fixed Effect Characteristicc Characteristic Characteristic. Characteristic
Plot Locatior
Distance to Household (Kt -0.002***  -0.002*** -0.003*** -0.002** -0.002%** -0.002***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Plot Cultivatior
Intercropped 0.165*** 0.344%* 0.233*** 0.146*** 0.167*** 0.169***
(0.039) (0.040) (0.039) (0.040) (0.038) (0.038)
Share of Plot Area Under Improved Se 0.099** 0.070* 0.107*** 0.101** 0.098** 0.093**
(0.041) (0.040) (0.037) (0.041) (0.042) (0.043)
Share of Plot Area Under Export Cr 1.255%** 1.212%** 1.245%** 1.273*** 1.277** 1.257***
(0.090) (0.096) (0.089) (0.092) (0.090) (0.091)
Household Characteristi
Household Siz 0.033*** 0.028*** 0.028*** 0.031**= -0.02( 0.032**=*
(0.008) (0.008) (0.008) (0.008) (0.044) (0.008)
Child Dependency Rat -0.076***  -0.080*** -0.090%** -0.072** -0.047 -0.075**
(0.029) (0.027) (0.026) (0.029) (0.032) (0.029)
Agricultural Extension Receipt 0.157*** 0.103*** 0.147*** 0.149**= 0.157*** 0.168***
(0.040) (0.038) (0.036) (0.041) (0.040) (0.040)
Access to Non-Farm Labor Incom -0.057 -0.04¢ -0.041 -0.05¢ -0.06( -0.062*
(0.037) (0.035) (0.034) (0.037) (0.037) (0.037)
Access to Non-Farm Non-Labor Incom -0.097** -0.04t -0.068* -0.106** -0.113%** -0.104**
(0.043) (0.038) (0.040) (0.044) (0.042) (0.043)
Wealth Inde: 0.048*** 0.054%** 0.051%** 0.047*** 0.043*** 0.045***
(0.011) (0.011) (0.011) (0.012) (0.011) (0.011)
Agricultural Implement Access Ind 0.043*** 0.030** 0.042%** 0.042**= 0.042*** 0.041%*=
(0.014) (0.014) (0.012) (0.014) (0.014) (0.014)
Distance to Nearest ADMARC (KM -0.00¢ -0.002 -0.00C -0.00¢ -0.00< -0.00¢
(0.005) (0.004) (0.004) (0.005) (0.005) (0.005)
Household Agro-Ecological Zone Classificat
Tropic-warm/semiarid 0.071 -0.127% 0.09¢ 0.05% 0.071 0.02¢
(0.085) (0.138) (0.085) (0.090) (0.088) (0.087)
Tropic-warm/subhumid -0.03¢ 0.04¢ 0.07¢ -0.05¢ -0.022 -0.06¢
(0.093) (0.136) (0.093) (0.098) (0.094) (0.095)
Tropic-cool/semiarid -0.10¢ -0.217% -0.117% -0.11¢ -0.11¢ -0.127
(0.090) (0.135) (0.090) (0.096) (0.095) (0.092)
Observations 4,34% 4,34% 4,261 4,26€ 4,34% 4,31¢
R-Squarec 0.30¢ 0.33¢ 0.33¢ 0.29¢ 0.30¢ 0.30¢
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Table H.6: Within Household OLS Regression Results
Dependent Variable: Log[Plot Value of Output (MKNH

Base Pooled Pooled Within Pooled Within

Sample Sample Sample HHFE
Plot Manager Characteristics
Female t -0.045* -0.066 -0.114
(0.027) (0.097) (0.113)
Manager & Owner Overlap T 0.016 0.155 0.306**
(0.020) (0.096) (0.1234)
Age (Years) -0.001 0.005 0.002
(0.001) (0.004) (0.004)
Years of Schooling 0.007** 0.029* -0.017
(0.003) (0.016) (0.023)
Plot Area
Log[GPS-Based Plot Area (HA)] -0.282*** -0.404** -0.117
(0.030) (0.166) (0.178)
Log[GPS-Based Plot Area (HA) Squared] 0.044%*** 0.008 0.061*
(0.009) (0.036) (0.033)
Plot Non-Labor Input Use
Incidence of Pesticide/Herbicide Use t 0.395*** 1.837*** 1.497***
(0.076) (0.280) (0.350)
Incidence of Organic Fertilizer Use T 0.043 0.049 -0.017
(0.027) (0.178) (0.205)
Log[lnorganic Fertilizer Use (KG)/HA] 0.077*** 0.097*** 0.076***
(0.004) (0.019) (0.028)
Plot Labor Input Use
Log[Household Male Labor Use (Hours)/HA] 0.028*** -0.025 0.016
(0.005) (0.028) (0.033)
Log[Household Female Labor Use (Hours)/HA] 0.032%*** 0.050 0.048
(0.007) (0.036) (0.032)
Log[Household Child Labor Use (Hours)/HA] 0.001 0.013 -0.001
(0.004) (0.023) (0.029)
Log[Hired Labor Use (Days)/HA] 0.079*** 0.048 0.075
(0.008) (0.034) (0.061)
Log[Exchange Labor Use (Days)/HA] 0.040*** -0.045 -0.075
(0.012) (0.040) (0.047)
Plot Location
Elevation (M) 0.000*** 0.000 -0.001
(0.000) (0.000) (0.003)
Distance to Household (KM) -0.001** 0.002 -0.022
(0.001) (0.007) (0.032)
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Table H.6 (Cont'd)

Base Pooled Pooled Within Pooled Within
Sample Sample Sample HHFE
Plot Cultivation
Intercropped t 0.110*** 0.126 0.233
(0.025) (0.142) (0.155)
Share of Plot Area Under Improved Seeds 0.099*** 0.247* 0.235
(0.023) (0.147) (0.1273)
Share of Plot Area Under Export Crops 1.213*** 1.316*** 1.197***
(0.040) (0.168) (0.131)
Household Characteristics
Household Size 0.014*** 0.031
(0.005) (0.026)
Child Dependency Ratio -0.011 -0.007
(0.016) (0.117)
Agricultural Extension Receipt T 0.077**= -0.152
(0.021) (0.157)
Household Characteristics
Access to Non-Farm Labor Income -0.076*** -0.120
(0.019) (0.112)
Access to Non-Farm Non-Labor Income t -0.054** -0.229
(0.027) (0.142)
Wealth Index 0.055*** -0.023
(0.006) (0.028)
Agricultural Implement Access Index 0.042*** 0.111*
(0.008) (0.061)
Distance to Nearest ADMARC (KM) 0.001 -0.013
(0.003) (0.018)
Household Agro-Ecological Zone Classification
Tropic-warm/semiarid T 0.170** -0.013
(0.071) (0.231)
Tropic-warm/subhumid 0.099 -0.017
(0.073) (0.276)
Tropic-cool/semiarid T 0.073 -0.312
(0.079) (0.249)
Observations 16,372 292 292
R-Squared 0.336 0.430 0.707

Note: The estimates are weighted in accordancethétlcomplex survey design.

**x[*x[* indicate statistical significance at th&/5/10 percent level, respectively.

tdenotes a dummy variable.
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Table H.7: Decomposition of the Gender Differentiain Agricultural Productivity - Within Household Sample
Agricultural Productivity Proxied by Log[Plot Grod&lue of Output (MK)/HA]

A. Mean Gender Differential

Mean Male-Managed Plot
Agricultural Productivity
Mean Female-Managed Plot
Agricultural Productivity
Mean Gender Differential
in Agricultural Productivty

10.666*
(0.085)
10.392%
(0.086)
0.274%
(0.112)

B. Aggregate Decomposition

Male Structural

Female Structural

Endowment Effect Advantage Disadvantage
TOTAL 0.208** -0.000 0.066
(0.093) (0.027) (0.093)
] . Male Structural  Female Structura
C. Detailed Decomposition Endowment Effect ~ Advantage Disadvantage
Plot Manager Characteristics
Manager & Owner Overlap T 0.013 -0.009 0.001
(0.013) (0.072) (0.067)
Age (Years) 0.026 -0.069 -0.109
(0.023) (0.140) (0.204)
Years of Schooling 0.034 -0.049 -0.148*
(0.021) (0.071) (0.085)
Plot Area
Log[GPS-Based Plot Area (HA)] -0.096 -0.348 -0.292
(0.059) (0.225) (0.327)
Log[GPS-Based Plot Area (HA) Squared] -0.007 0.236* 0.205
(0.031) (0.126) (0.152)
Plot Non-Labor Input Use
Incidence of Pesticide/Herbicide Use T -0.008 0.001 0.004
(0.019) (0.003) (0.008)
Incidence of Organic Fertilizer Use T 0.003 -0.008 0.021
(0.012) (0.023) (0.018)
Logllnorganic Fertilizer Use (KG)/HA] 0.099*** 0.066 0.042
(0.037) (0.066) (0.080)
Plot Labor Input Use
Log[Household Male Labor Use (Hours)/HA] -0.006 0.104 0.200
(0.008) (0.155) (0.172)
Log[Household Female Labor Use (Hours)/HA] -0.008 0.155 -0.063
(0.011) (0.217) (0.264)
Log[Household Child Labor Use (Hours)/HA] 0.000 -0.011 -0.029
(0.002) (0.028) (0.033)
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Table H.7 (Cont'd)

Male Structural

Female Structural

C. Detailed Decomposition (Cont'd) Endowment Effect Advantage Disadvantage
Log[Hired Labor Use (Days)/HA] -0.005 0.075** 0.108**
(0.008) (0.036) (0.053)
Log[Exchange Labor Use (Days)/HA] -0.005 0.009 -0.006
(0.008) (0.017) (0.017)
Plot Location
Elevation (M) 0.008 -0.052 -0.155
(0.021) (0.221) (0.278)
Distance to Household (KM) -0.001 0.004 0.004
(0.004) (0.015) (0.017)
Plot Cultivation
Intercropped T -0.014 0.012 -0.014
(0.016) (0.031) (0.046)
Share of Plot Area Under Improved Seeds -0.011 -0.024 -0.053
(0.019) (0.036) (0.054)
Share of Plot Area Under Export Crops 0.158%** 0.002 -0.003
(0.054) (0.014) (0.007)
Household Characteristics
Household Size -0.004 -0.195 -0.288
(0.005) (0.132) (0.202)
Child Dependency Ratio -0.000 0.069 0.072
(0.000) (0.075) (0.097)
Agricultural Extension Receipt T -0.003 -0.007 0.015
(0.005) (0.021) (0.032)
Access to Non-Farm Labor Income t 0.008 -0.046 -0.078
(0.008) (0.039) (0.072)
Access to Non-Farm Non-Labor Income 0.013 0.006 -0.019
(0.010) (0.038) (0.062)
Wealth Index -0.002 0.005 0.007
(0.003) (0.012) (0.019)
Agricultural Implement Access Index 0.015 -0.049 -0.053
(0.010) (0.037) (0.044)
Distance to Nearest ADMARC (KM) -0.005 -0.015 0.003
(0.007) (0.081) (0.091)
Household A.groTEcoIogicaI 0.007 0.024 0.021
Zone Classification [Aggregated]
(0.016) (0.028) (0.044)
Observations 292

Note: The estimates are weighted in accordancethétltomplex survey design.
*xx[x%[* indicate statistical significance at the/2/10 percent level, respectively.

tdenotes a dummy variable.
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Table H.8: Base OLS Regression Results Underlyingpé RIF Decomposition at the 10th Percentil
Dependent Variable: RIF(Log[Plot Value of Output{WHA])

Pooled Male-Managed Female-Managed
Sampl Plot Sampl Plot Sampl
Plot Manager Characteristit
Female 0.00¢
(0.052)
Manager & Owner Overlap 0.086** 0.093** 0.08¢
(0.036) (0.042) (0.084)
Age (Years -0.00¢ -0.00z 0.001
(0.001) (0.002) (0.003)
Years of Schoolir 0.009* 0.00% 0.028***
(0.005) (0.006) (0.010)
Plot Aree
Log[GPS-Based Plot Area (H/ -0.617*** -0.572%*= -0.741%*=
(0.060) (0.072) (0.113)
Log[GPS-Based Plot Area (HA) Squar -0.064*** -0.063*** -0.078***
(0.015) (0.019) (0.024)
Plot Non-Labor Input Us
Incidence of Pesticide/Herbicide Us 0.331*** 0.269** 0.601**
(0.121) (0.135) (0.292)
Incidence of Organic Fertilizer Ust 0.081 0.07z 0.12¢
(0.053) (0.063) (0.102)
Log[Inorganic Fertilizer Use (KG)/H: 0.132*** 0.133*** 0.141%**
(0.008) (0.009) (0.016)
Plot Labor Input Us
Log[Household Male Labor Use (Hours)/t 0.051*** 0.076*** 0.043***
(0.009) (0.017) (0.012)
Log[Household Female Labor Use (Hours)/ 0.052*** 0.029** 0.112%**
(0.012) (0.013) (0.031)
Log[Household Child Labor Use (Hours)/F -0.00¢ 0.00¢ -0.00¢
(0.007) (0.009) (0.013)
Log[Hired Labor Use (Days)/H. 0.065*** 0.061*** 0.084***
(0.012) (0.015) (0.024)
Log[Exchange Labor Use (Days)/F 0.056*** 0.051** 0.03¢
(0.020) (0.025) (0.035)
Plot Locatior
Elevation (M 0.000*** 0.000*** 0.001***
(0.000) (0.000) (0.000)
Distance to Household (K} -0.001 -0.001 0.00c
(0.002) (0.002) (0.002)
Plot Cultivatior
Intercropped 0.076* 0.02: 0.197**
(0.041) (0.050) (0.077)
Share of Plot Area Under Improved Se 0.121*** 0.169*** -0.01c
(0.043) (0.050) (0.090)
Share of Plot Area Under Export Cri 0.247*** 0.306*** 0.05¢
(0.043) (0.048) (0.145)
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Table H.8 (Cont'd)

Pooled Male-Managed Female-Managed
Sampls Plot Sampl Plot Sampl
Household Characteristi
Household Siz 0.021** 0.017 0.042**
(0.009) (0.011) (0.017)
Child Dependency Rat -0.00: 0.085** -0.067
(0.034) (0.038) (0.052)
Agricultural Extension Receipt 0.125*** 0.081* 0.163**
(0.035) (0.041) (0.072)
Household Characteristi
Access to Non-Farm Labor Income -0.098*** -0.04¢ -0.267***
(0.035) (0.041) (0.075)
Access to Non-Farm Non-Labor Incomu -0.1471%** -0.108** -0.208**
(0.043) (0.051) (0.088)
Wealth Inde: 0.050*** 0.056*** 0.044***
(0.009) (0.010) (0.015)
Agricultural Implement Access Ind 0.042*** 0.033** 0.086***
(0.014) (0.016) (0.029)
Distance to Nearest ADMARC (KN -0.00z 0.00¢ -0.014**
(0.003) (0.004) (0.007)
Household Agro-Ecological Zone Classificat
Tropic-warm/semiarid 0.416*** 0.436*** 0.443%***
(0.079) (0.091) (0.163)
Tropic-warm/subhumid 0.168** 0.273*** 0.021
(0.083) (0.096) (0.1270)
Tropic-cool/semiarid 0.111 0.15¢ -0.02¢
(0.085) (0.098) (0.181)
Observations 16,37: 12,02¢ 4,34:
R-Squarec 0.092 0.08¢ 0.10¢

Note: The estimates are weighted in accordancethétitomplex survey design. ***/**/*

indicate statistical significance at the 1/5/10ce@t level, respectively. tdenotes a dummy

variable.

202



Table H.9: Base OLS Regression Results Underlyingpé RIF Decomposition at the 50th Percentil
Dependent Variable: RIF(Log[Plot Value of Output{WHA])

Pooled Male-Managed Female-Managed
Sampl Plot Sampl Plot Sampl
Plot Manager Characteristit
Female -0.075**
(0.030)
Manager & Owner Overlap 0.01¢ 0.01z -0.03¢
(0.020) (0.023) (0.041)
Age (Years -0.00c -0.001 0.002*
(0.001) (0.001) (0.001)
Years of Schoolir 0.009*** 0.009*** 0.014**
(0.003) (0.003) (0.006)
Plot Aree
Log[GPS-Based Plot Area (H/ -0.277*** -0.247*** -0.349***
(0.025) (0.030) (0.049)
Log[GPS-Based Plot Area (HA) Squar 0.032*** 0.039*** 0.011
(0.007) (0.009) (0.011)
Plot Non-Labor Input Us
Incidence of Pesticide/Herbicide Us 0.348*** 0.305*** 0.560***
(0.064) (0.069) (0.139)
Incidence of Organic Fertilizer Ust 0.051* 0.059* 0.05¢C
(0.029) (0.033) (0.052)
Log[Inorganic Fertilizer Use (KG)/H: 0.075*** 0.077*** 0.066***
(0.004) (0.005) (0.007)
Plot Labor Input Us
Log[Household Male Labor Use (Hours)/t 0.025*** 0.067*** 0.01c
(0.005) (0.010) (0.007)
Log[Household Female Labor Use (Hours)/ 0.030*** 0.01c 0.041**
(0.007) (0.008) (0.017)
Log[Household Child Labor Use (Hours)/F -0.00z 0.00¢ -0.013*
(0.004) (0.005) (0.007)
Log[Hired Labor Use (Days)/H. 0.076*** 0.075*** 0.075***
(0.008) (0.010) (0.015)
Log[Exchange Labor Use (Days)/F 0.047*** 0.045*** 0.031
(0.013) (0.017) (0.020)
Plot Locatior
Elevation (M, 0.000*** 0.000*** 0.000**
(0.000) (0.000) (0.000)
Distance to Household (K} -0.002*** -0.00z -0.003***
(0.001) (0.001) (0.001)
Plot Cultivatior
Intercropped 0.106*** 0.121*** 0.160***
(0.022) (0.027) (0.038)
Share of Plot Area Under Improved Se 0.121*** 0.123*** 0.133***
(0.024) (0.028) (0.043)
Share of Plot Area Under Export Cri 0.905*** 0.944*** 0.864***
(0.029) (0.033) (0.070)
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Table H.9 (Cont'd)

Pooled Male-Managed Female-Managed
Sampls Plot Sampl Plot Sampl
Household Characteristi
Household Siz 0.007 0.00¢ 0.025***
(0.005) (0.006) (0.009)
Child Dependency Rat 0.00¢ 0.031 -0.04C
(0.017) (0.023) (0.025)
Agricultural Extension Receipt 0.068*** 0.058** 0.188***
(0.021) (0.024) (0.039)
Household Characteristi
Access to Non-Farm Labor Income -0.060*** -0.063*** -0.022
(0.020) (0.023) (0.036)
Access to Non-Farm Non-Labor Incomu -0.044* -0.007 -0.137***
(0.024) (0.028) (0.042)
Wealth Inde: 0.061*** 0.070*** 0.045***
(0.006) (0.007) (0.010)
Agricultural Implement Access Ind 0.045*** 0.041*** 0.046***
(0.008) (0.009) (0.014)
Distance to Nearest ADMARC (KN 0.004** 0.004** -0.00z
(0.002) (0.002) (0.003)
Household Agro-Ecological Zone Classificat
Tropic-warm/semiarid 0.181*** 0.185*** 0.03¢
(0.045) (0.051) (0.094)
Tropic-warm/subhumid 0.117** 0.108** -0.02¢
(0.047) (0.053) (0.096)
Tropic-cool/semiarid 0.090** 0.145%*** -0.10z
(0.046) (0.052) (0.096)
Observations 16,37: 12,02¢ 4,34:
R-Squarec 0.20¢ 0.21¢ 0.19:

Note: The estimates are weighted in accordancethétitomplex survey design. ***/**/*

indicate statistical significance at the 1/5/10ce@t level, respectively. tdenotes a dummy

variable.
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Table H.10: Base OLS Regression Results Underlyiripe RIF Decomposition at the 90th Percentil
Dependent Variable: RIF(Log[Plot Value of Output{WHA])

Pooled Male-Managed Female-Managed
Sampl Plot Sampl Plot Sampl
Plot Manager Characteristit
Female -0.082**
(0.042)
Manager & Owner Overlap -0.02¢ -0.021 -0.08¢
(0.033) (0.036) (0.083)
Age (Years -0.00z -0.001 -0.00z
(0.001) (0.001) (0.002)
Years of Schoolir 0.001 -0.00c 0.019*
(0.005) (0.005) (0.011)
Plot Aree
Log[GPS-Based Plot Area (H/ 0.06¢ 0.101* 0.03¢
(0.054) (0.059) (0.105)
Log[GPS-Based Plot Area (HA) Squar 0.188*** 0.183*** 0.213***
(0.021) (0.024) (0.033)
Plot Non-Labor Input Us
Incidence of Pesticide/Herbicide Us 0.703*** 0.765*** 0.232
(0.1237) (0.154) (0.320)
Incidence of Organic Fertilizer Ust 0.077 0.127* -0.03¢
(0.055) (0.065) (0.094)
Log[Inorganic Fertilizer Use (KG)/H: 0.035*** 0.036*** 0.02¢
(0.006) (0.007) (0.014)
Plot Labor Input Us
Log[Household Male Labor Use (Hours)/t 0.020** 0.084*** -0.034***
(0.009) (0.017) (0.013)
Log[Household Female Labor Use (Hours)/ 0.031** 0.00¢ 0.067**
(0.014) (0.016) (0.032)
Log[Household Child Labor Use (Hours)/F 0.00c 0.00z -0.001
(0.007) (0.008) (0.013)
Log[Hired Labor Use (Days)/H. 0.104*** 0.117*** 0.144***
(0.015) (0.017) (0.033)
Log[Exchange Labor Use (Days)/F 0.01: 0.01¢ 0.02z
(0.020) (0.025) (0.039)
Plot Locatior
Elevation (M, -0.000* -0.000** 0.00C
(0.000) (0.000) (0.000)
Distance to Household (K} 0.001 0.00z -0.001
(0.001) (0.002) (0.001)
Plot Cultivatior
Intercropped 0.135*** 0.097** 0.152**
(0.034) (0.040) (0.070)
Share of Plot Area Under Improved Se 0.02: -0.01c -0.02z
(0.031) (0.034) (0.073)
Share of Plot Area Under Export Cri 3.062*** 2.950%*** 3.521%**
(0.207) (0.114) (0.336)
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Table H.10 (Cont'd)

Pooled Male-Managed Female-Managed
Sampls Plot Sampl Plot Sampl
Household Characteristi
Household Siz 0.00¢ 0.00¢ 0.054***
(0.008) (0.010) (0.017)
Child Dependency Rat -0.00¢ 0.02¢ -0.121%**
(0.026) (0.037) (0.042)
Agricultural Extension Receipt 0.05z 0.03¢ 0.147*
(0.034) (0.038) (0.076)
Household Characteristi
Access to Non-Farm Labor Income -0.130*** -0.116*** -0.04¢
(0.031) (0.036) (0.067)
Access to Non-Farm Non-Labor Incomu -0.01¢ 0.004 -0.04:
(0.039) (0.045) (0.084)
Wealth Inde: 0.060*** 0.056*** 0.069***
(0.010) (0.011) (0.023)
Agricultural Implement Access Ind 0.036*** 0.033** 0.045*
(0.013) (0.014) (0.025)
Distance to Nearest ADMARC (KN 0.00: 0.007** -0.011**
(0.003) (0.003) (0.005)
Household Agro-Ecological Zone Classificat
Tropic-warm/semiarid -0.200%*** -0.142* -0.18¢
(0.072) (0.075) (0.188)
Tropic-warm/subhumid -0.146* -0.062 -0.17¢
(0.076) (0.079) (0.194)
Tropic-cool/semiarid -0.11¢ -0.011 -0.29¢
(0.073) (0.076) (0.190)
Observations 16,37: 12,02¢ 4,34:
R-Squarec 0.26C 0.27¢ 0.21(

Note: The estimates are weighted in accordancethéltomplex survey design.
*rx[xx[* indicate statistical significance at the/%/10 percent level, respectively.

tdenotes a dummy variable.
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Table H.11: Exploring the Presence of Omitted Varible Bias in Base OLS Regression Results Underlyibe RIF Decomposition at the 10tt
Dependent Variable: RIF(Log[Plot Value of Output{WHA])
Pooled Sampl

Category of Additional Covariates Integrated inkeetBase Regressi

District Plot Geospatial ~ Other Plot Household Community
Bas¢ Fixed Effect Characteristic Characteristic. Characteristic. Characteristic

Plot Manager Characteristit

Female 0.008 -0.012 -0.009 0.001 0.006 0.023
(0.052) (0.051) (0.052) (0.052) (0.052) (0.051)
Manager & Owner Overlag 0.086** 0.05¢ 0.086** 0.076** 0.085** 0.080**
(0.036) (0.036) (0.036) (0.036) (0.036) (0.036)
Age (Years -0.000 -0.001 -0.000 -0.001 -0.000 -0.000
(0.001) (0.001) (0.001) (0.001) (0.002) (0.001)
Years of Schoolir 0.009* 0.005 0.007 0.009* 0.009* 0.008
(0.005) (0.005) (0.005) (0.005) (0.005) (0.005)
Plot Aree
Log[GPS-Based Plot Area (H -0.617%* -0.637+* -0.622%* -0.616*** -0.613%* -0.636***
(0.060) (0.060) (0.061) (0.061) (0.060) (0.060)
Log[GPS-Based Plot Area (HA) Squar -0.064*%+* -0.065** -0.063** -0.063*+* -0.064** -0.068 ***
(0.015) (0.015) (0.015) (0.015) (0.015) (0.015)
Plot Non-Labor Input Us
Incidence of Pesticide/Herbicide Us 0.331%* 0.484%+ 0.325%+* 0.299** 0.329%* 0.327%+*
(0.121) (0.119) (0.119) (0.123) (0.122) (0.120)
Incidence of Organic Fertilizer Us¢ 0.081 0.087* 0.096* 0.108** 0.082 0.093*
(0.053) (0.053) (0.053) (0.049) (0.053) (0.053)
Log[Inorganic Fertilizer Use (KG)/H, 0.132%+* 0.134%+* 0.134%+ 0.133%+* 0.132%+* 0.131%+*
(0.008) (0.008) (0.008) (0.008) (0.008) (0.008)
Plot Labor Input Us
Log[Household Male Labor Use (Hours)/k 0.051%+* 0.048%* 0.047%+* 0.052%+* 0.055*+* 0.053**
(0.009) (0.009) (0.009) (0.010) (0.010) (0.009)
Log[Household Female Labor Use (Hours)/ 0.052*%+ 0.051%+* 0.050%+* 0.052%+* 0.052%+ 0.048%+*
(0.012) (0.012) (0.012) (0.012) (0.012) (0.011)
Log[Household Child Labor Use (Hours)/F -0.004 -0.005 -0.000 -0.003 -0.009 -0.005
(0.007) (0.007) (0.007) (0.007) (0.008) (0.007)
Log[Hired Labor Use (Days)/H. 0.065*+* 0.060%+* 0.060*+* 0.064%+* 0.066*+* 0.065*+*
(0.012) (0.012) (0.012) (0.013) (0.012) (0.012)
Log[Exchange Labor Use (Days)/F 0.056%** 0.037 0.047* 0.054%* 0.056*+* 0.058%
(0.020) (0.020) (0.020) (0.020) (0.020) (0.020)
Plot Locatior
Elevation (M 0.000*+* 0.00( 0.000*** 0.000*+* 0.000*** 0.000%**
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Distance to Household (KM -0.001 -0.001 -0.001 -0.002 -0.001 -0.001
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
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Table H.11 (Cont'd)

Category of Additional Covariates Integrated inh@tBase Regressi

District Plot Geospatial ~ Other Plot Household Community
Base Fixed Effect Characteristic_ Characteristic__Characteristic _Characteristic
Plot Cultivatior
Intercropped 0.076* 0.368** 0.173% 0.044 0.079* 0.083**
(0.041) (0.051) (0.044) (0.042) (0.041) (0.042)
Distance to Household (KI -0.001 -0.001 -0.001 -0.002 -0.001 -0.001
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Plot Cultivatior
Intercropped 0.076* 0.368** 0.173% 0.044 0.079* 0.083**
(0.041) (0.051) (0.044) (0.042) (0.041) (0.042)
Share of Plot Area Under Improved Se 0.121%+ 0.082% 0.117%* 0.117%* 0.117%* 0.123*+
(0.043) (0.043) (0.043) (0.043) (0.043) (0.043)
Share of Plot Area Under Export Cr 0.247** 0.219% 0.247%* 0.312% 0.245%* 0.242%
(0.043) (0.043) (0.044) (0.047) (0.043) (0.043)
Household Characteristi
Household Siz 0.021% 0.01: 0.015’ 0.019% -0.00¢ 0.021*
(0.009) (0.009) (0.009) (0.009) (0.045) (0.009)
Child Dependency Rat -0.003 -0.013 -0.012 -0.005 -0.011 0.001
(0.034) (0.034) (0.034) (0.035) (0.048) (0.034)
Agricultural Extension Receipl 0.125%* 0.046 0.107%* 0.116%* 0.123*+* 0.125*+*
(0.035) (0.036) (0.036) (0.035) (0.035) (0.035)
Access to Non-Farm Labor Incom -0.098*** -0.090** -0.092%** -0.094%* -0.099%** -0.101***
(0.035) (0.035) (0.036) (0.035) (0.035) (0.035)
Access to Non-Farm Non-Labor Incom -0.141%+ -0.065 -0.091+ -0.139%+* -0.147%+ -0.132%+
(0.043) (0.044) (0.044) (0.042) (0.043) (0.043)
Wealth Inde: 0.050%** 0.054++* 0.050%+* 0.051%+* 0.050%+* 0.048+*
(0.009) (0.009) (0.009) (0.009) (0.009) (0.009)
Agricultural Implement Access Ind 0.042%+ 0.033* 0.033* 0.041%* 0.042%+ 0.043*+*
(0.014) (0.014) (0.014) (0.014) (0.014) (0.014)
Distance to Nearest ADMARC (KD -0.002 -0.001 -0.003 -0.003 -0.002 -0.001
(0.003) (0.004) (0.003) (0.003) (0.003) (0.003)
Household Agro-Ecological Zone Classificat
Tropic-warm/semiarid 0.416%* 0.141 0.441% 0.434%+ 0.432%+* 0.421%*
(0.079) (0.108) (0.087) (0.080) (0.080) (0.081)
Tropic-warm/subhumid 0.168** 0.194% 0.274%% 0.167* 0.181* 0.180%*
(0.083) (0.109) (0.087) (0.084) (0.084) (0.086)
Tropic-cool/semiarid 0.111 0.059 0.157% 0.121 0.120 0.143
(0.085) (0.113) (0.092) (0.086) (0.086) (0.087)
Observations 16,372 16,372 16,016 16,153 16,372 16,234
Adjusted R-Squarec 0.09! 0.11: 0.09¢ 0.09: 0.09! 0.09:
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Table H.12: Exploring the Presence of Omitted Varihle Bias in Base OLS Regression Results Underlyirtge RIF Decomposition at the 10tt
Dependent Variable: RIF(Log[Plot Value of OutputKIVHA])
Male-Managed Plot Samg

Category of Additional Covariates Integrated inbetBase Regressi

District Plot Geospatial ~ Other Plot Household Community
Bas¢ Fixed Effect Characteristic. Characteristic Characteristic Characteristic

Plot Manager Characteristit

Female
Manager & Owner Overlag 0.093* 0.058 0.088** 0.083** 0.092** 0.086**
(0.042) (0.042) (0.043) (0.042) (0.042) (0.042)
Age (Years -0.002 -0.002 -0.002 -0.002 -0.003 -0.002
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Years of Schoolir 0.005 0.003 0.005 0.005 0.005 0.006
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006)
Plot Aree
Log[GPS-Based Plot Area (H# -0.572%** -0.569%* -0.561%** -0.581%* -0.572%* -0.591%**
(0.072) (0.074) (0.074) (0.074) (0.072) (0.073)
Log[GPS-Based Plot Area (HA) Squar -0.063*** -0.060%** -0.058%* -0.063** -0.064** -0.066%*
(0.019) (0.019) (0.019) (0.019) (0.019) (0.019)
Plot Non-Labor Input Us
Incidence of Pesticide/Herbicide Us 0.269** 0.414%+ 0.256* 0.228 0.264* 0.287*
(0.135) (0.134) (0.133) (0.140) (0.136) (0.135)
Incidence of Organic Fertilizer Ust 0.072 0.066 0.080 0.101* 0.073 0.088
(0.063) (0.062) (0.063) (0.059) (0.063) (0.063)
Log[lnorganic Fertilizer Use (KG)/H, 0.133** 0.134%* 0.138*** 0.133** 0.133%** 0.135%*
(0.009) (0.009) (0.009) (0.009) (0.009) (0.009)
Plot Labor Input Us
Log[Household Male Labor Use (Hours)/t 0.076%+* 0.076%+* 0.073%+* 0.078** 0.080%+* 0.079%*
(0.017) (0.017) (0.017) (0.018) (0.018) (0.017)
Log[Household Female Labor Use (Hours)/ 0.029** 0.028** 0.028** 0.029** 0.027** 0.026’
(0.013) (0.013) (0.013) (0.014) (0.014) (0.013)
Log[Household Child Labor Use (Hours)/F 0.00¢ 0.00¢ 0.00¢ 0.00¢ 0.00: 0.00¢
(0.009) (0.009) (0.009) (0.009) (0.010) (0.009)
Log[Hired Labor Use (Days)/H, 0.061%* 0.056%** 0.055%* 0.061%* 0.061%** 0.060***
(0.015) (0.015) (0.015) (0.015) (0.015) (0.015)
Log[Exchange Labor Use (Days)/F 0.051* 0.03: 0.03¢ 0.050 0.051* 0.050°
(0.025) (0.026) (0.026) (0.026) (0.025) (0.025)
Plot Locatior
Elevation (M, 0.000%** 0.000 0.001*+* 0.000*+* 0.000*** 0.000%+*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Distance to Household (K} -0.001 -0.001 -0.000 -0.002 -0.001 -0.002
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
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Table H.12 (Cont'd)

Category of Additional Covariates Integrated ink@tBase Regressi

District Plot Geospatial ~ Other Plot Household Community
Base¢ Fixed Effect Characteristic _Characteristic _Characteristic _Characteristic
Plot Cultivatior
Intercropped 0.022 0.288%+* 0.108** 0.002 0.024 0.026
(0.050) (0.062) (0.053) (0.051) (0.050) (0.050)
Distance to Household (KM -0.001 -0.001 -0.000 -0.002 -0.001 -0.002
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Plot Cultivatior
Intercropped 0.022 0.288%+* 0.108** 0.002 0.024 0.026
(0.050) (0.062) (0.053) (0.051) (0.050) (0.050)
Share of Plot Area Under Improved Se 0.169%* 0.137%* 0.149%* 0.166** 0.168*+* 0.162%**
(0.050) (0.050) (0.050) (0.050) (0.050) (0.050)
Share of Plot Area Under Export Cri 0.306%** 0.290% 0.292%+* 0.373%* 0.303** 0.286***
(0.048) (0.048) (0.048) (0.053) (0.047) (0.048)
Household Characteristi
Household Siz 0.017 0.01: 0.01: 0.01¢ 0.02: 0.017
(0.011) (0.011) (0.011) (0.011) (0.057) (0.011)
Child Dependency Rat 0.085%* 0.073* 0.083* 0.081** 0.104* 0.083**
(0.038) (0.038) (0.038) (0.038) (0.054) (0.038)
Agricultural Extension Receipl 0.081* 0.019 0.063 0.079* 0.077* 0.085*
(0.041) (0.042) (0.042) (0.042) (0.041) (0.041)
Access to Non-Farm Labor Incom -0.048 -0.047 -0.046 -0.048 -0.048 -0.042
(0.041) (0.040) (0.041) (0.041) (0.041) (0.042)
Access to Non-Farm Non-Labor Incom -0.108* -0.036 -0.068 -0.099%* -0.115% -0.098*
(0.051) (0.052) (0.052) (0.050) (0.051) (0.050)
Wealth Inde: 0.056%+* 0.058++* 0.055%+ 0.059%+* 0.055%+* 0.052%+*
(0.010) (0.012) (0.011) (0.011) (0.011) (0.012)
Agricultural Implement Access Ind 0.033* 0.024 0.031* 0.031* 0.034** 0.037*
(0.016) (0.017) (0.016) (0.017) (0.016) (0.017)
Distance to Nearest ADMARC (KN 0.004 0.005 0.002 0.004 0.004 0.005
(0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
Household Agro-Ecological Zone Classificat
Tropic-warm/semiarid 0.436** 0.187 0.495%+* 0.476%+ 0.450%+ 0.456*+*
(0.091) (0.126) (0.101) (0.094) (0.092) (0.094)
Tropic-warm/subhumid 0.273% 0.269%* 0.353%* 0.292%+* 0.283%+* 0.296%**
(0.096) (0.126) (0.101) (0.100) (0.097) (0.099)
Tropic-cool/semiarid 0.155 0.064 0.221* 0.177* 0.167* 0.194*
(0.098) (0.128) (0.105) (0.101) (0.099) (0.100)
Observations 12,029 12,029 11,755 11,887 12,029 11,920
Adjusted R-Squarec 0.08: 0.10¢ 0.09¢ 0.08¢ 0.08: 0.08¢
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Table H.13: Exploring the Presence of Omitted Varible Bias in Base OLS Regression Results Underlyinge RIF Decomposition at the 10tt
Dependent Variable: RIF(Log[Plot Value of Output{IVHA])
Female-Managed Plot Sam|

Category of Additional Covariates Integrated inb@tBase Regressi

District Plot Geospatial ~ Other Plot Household Community
Base Fixed Effect Characteristic. Characteristic Characteristic. Characteristic

Plot Manager Characteristit

Female
Manager & Owner Overlag 0.085 0.130 0.124 0.073 0.085 0.101
(0.084) (0.086) (0.086) (0.083) (0.084) (0.086)
Age (Years 0.001 -0.001 -0.000 0.001 0.001 0.001
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
Years of Schoolin 0.028*** 0.019* 0.023** 0.024** 0.027%+* 0.025**
(0.010) (0.010) (0.011) (0.010) (0.010) (0.011)
Plot Aree
Log[GPS-Based Plot Area (H¢ -0.741%* -0.815%* -0.815%* -0.749%** -0.735%* -0.785%*
(0.113) (0.109) (0.114) (0.110) (0.112) (0.114)
Log[GPS-Based Plot Area (HA) Squar -0.078%* -0.088*** -0.087** -0.080%** -0.075%* -0.084*
(0.024) (0.023) (0.025) (0.024) (0.024) (0.024)
Plot Non-Labor Input Us
Incidence of Pesticide/Herbicide Us 0.601* 0.750%+ 0.659* 0.535* 0.600** 0.609**
(0.292) (0.288) (0.281) (0.290) (0.292) (0.298)
Incidence of Organic Fertilizer Ust 0.124 0.139 0.147 0.133 0.119 0.116
(0.102) (0.106) (0.102) (0.100) (0.103) (0.104)
Logl[Inorganic Fertilizer Use (KG)/H, 0.141% 0.143% 0.143** 0.140%* 0.139%** 0.140%*
(0.016) (0.016) (0.016) (0.016) (0.016) (0.016)
Plot Labor Input Us
Log[Household Male Labor Use (Hours)/t 0.043%+ 0.040%+* 0.036*** 0.045++* 0.047% 0.046*+*
(0.012) (0.012) (0.012) (0.012) (0.014) (0.012)
Log[Household Female Labor Use (Hours)/ 0.112%+ 0.106*+* 0.105%** 0.090% 0.103%* 0.095%
(0.031) (0.030) (0.030) (0.027) (0.031) (0.028)
Log[Household Child Labor Use (Hours)/F -0.00¢ -0.01¢ -0.00: -0.01! -0.01% -0.01(
(0.013) (0.013) (0.013) (0.013) (0.015) (0.014)
Log[Hired Labor Use (Days)/H. 0.084*+ 0.079%+ 0.078% 0.080%* 0.084%* 0.080%
(0.024) (0.025) (0.024) (0.024) (0.024) (0.025)
Log[Exchange Labor Use (Days)/F 0.03¢ 0.02¢ 0.02( 0.03: 0.03: 0.03¢
(0.035) (0.035) (0.035) (0.034) (0.035) (0.035)
Plot Locatior
Elevation (M 0.001*** -0.000 0.000** 0.001*+* 0.001*** 0.001**
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Distance to Household (KP 0.000 0.000 0.000 0.001 0.000 0.001
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
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Table H.13 (Cont'd)

Category of Additional Covariates Integrated inh@tBase Regressi

District Plot Geospatial  Other Plot Household Community
Base¢ Fixed Effect Characteristic.__Characteristic._Characteristic._Characteristic
Plot Cultivatior
Intercropped 0.197* 0.578*** 0.326"** 0.140* 0.198*+* 0.222%*
(0.077) (0.097) (0.084) (0.078) (0.077) (0.080)
Distance to Household (K! 0.000 0.000 0.000 0.001 0.000 0.001
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Plot Cultivatior
Intercropped 0.197* 0.578*** 0.326™** 0.140* 0.198*+* 0.222%*
(0.077) (0.097) (0.084) (0.078) (0.077) (0.080)
Share of Plot Area Under Improved Se -0.010 -0.081 -0.036 -0.027 -0.013 -0.038
(0.090) (0.091) (0.090) (0.089) (0.091) (0.091)
Share of Plot Area Under Export Cri 0.055 0.025 -0.008 0.079 0.085 0.045
(0.145) (0.155) (0.147) (0.149) (0.142) (0.148)
Household Characteristi
Household Siz 0.042* 0.027” 0.035* 0.039* -0.06¢ 0.043*
(0.017) (0.017) (0.017) (0.017) (0.054) (0.017)
Child Dependency Rat -0.067 -0.085* -0.086* -0.074 -0.004 -0.067
(0.052) (0.051) (0.051) (0.052) (0.064) (0.053)
Agricultural Extension Receipl 0.163* 0.067 0.157* 0.140* 0.164* 0.177*
(0.072) (0.074) (0.074) (0.072) (0.072) (0.074)
Access to Non-Farm Labor Incom -0.267%* -0.239%* -0.240%* -0.260%** -0.269%** -0.281 %
(0.075) (0.074) (0.075) (0.074) (0.075) (0.077)
Access to Non-Farm Non-Labor Incom -0.208** -0.120 -0.152* -0.204%* -0.231%+* -0.202%
(0.088) (0.089) (0.088) (0.087) (0.088) (0.088)
Wealth Inde: 0.044%+* 0.058*** 0.051%** 0.043*+* 0.036** 0.044%+*
(0.015) (0.016) (0.016) (0.015) (0.015) (0.016)
Agricultural Implement Access Ind 0.086*+* 0.075** 0.076* 0.088** 0.084%+* 0.090*+*
(0.029) (0.030) (0.030) (0.029) (0.029) (0.030)
Distance to Nearest ADMARC (KN -0.014* -0.008 -0.009 -0.015** -0.013* -0.014*
(0.007) (0.008) (0.007) (0.007) (0.007) (0.007)
Household Agro-Ecological Zone Classificat
Tropic-warm/semiarid 0.443% -0.164 0.352** 0.367* 0.445++ 0.451%+*
(0.163) (0.225) (0.177) (0.158) (0.165) (0.172)
Tropic-warm/subhumid 0.021 0.114 0.209 -0.060 0.037 0.043
(0.170) (0.227) (0.186) (0.167) (0.171) (0.176)
Tropic-cool/semiarid -0.029 -0.292 -0.094 -0.044 -0.050 0.008
(0.181) (0.267) (0.198) (0.176) (0.184) (0.189)
Observations 4,343 4,343 4,261 4,266 4,343 4,314
Adjusted R-Squarec 0.10: 0.13¢ 0.12( 0.10: 0.10¢ 0.10:
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Table H.14: Exploring the Presence of Omitted Varible Bias in Base OLS Regression Results Underlyinge RIF Decomposition at the 50tt
Dependent Variable: RIF(Log[Plot Value of OutputlVHA])
Pooled Samp!

Category of Additional Covariates Integrated ink®tBase Regressi

District Plot Geospatial ~ Other Plot Household Community
Bas¢ Fixed Effect Characteristic Characteristic Characteristic.Characteristic.

Plot Manager Characteristi(

Female -0.075** -0.086*** -0.074* -0.079%* -0.080%* -0.071*
(0.030) (0.030) (0.030) (0.030) (0.030) (0.030)
Manager & Owner Overlag 0.019 0.007 0.025 0.018 0.018 0.021
(0.020) (0.020) (0.020) (0.020) (0.020) (0.020)
Age (Years -0.000 -0.000 -0.000 -0.000 0.002 -0.000
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Years of Schoolin 0.009*+* 0.006* 0.008*** 0.008*** 0.008*** 0.008***
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
Plot Aree
Log[GPS-Based Plot Area (H/ -0.277%* -0.288*** -0.279%** -0.279%** -0.273* -0.280***
(0.025) (0.025) (0.026) (0.025) (0.025) (0.025)
Log[GPS-Based Plot Area (HA) Squar 0.032%* 0.033%** 0.032% 0.031%* 0.033%* 0.032%
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007)
Plot Non-Labor Input Us
Incidence of Pesticide/Herbicide Us 0.348% 0.366"* 0.328%+ 0.347%* 0.348*** 0.341%+*
(0.064) (0.062) (0.064) (0.064) (0.064) (0.064)
Incidence of Organic Fertilizer Us¢ 0.051* 0.047 0.054* 0.049* 0.050* 0.046
(0.029) (0.029) (0.029) (0.029) (0.029) (0.029)
Logl[Inorganic Fertilizer Use (KG)/H, 0.075%* 0.080%* 0.078*** 0.075%* 0.075%* 0.076%*
(0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
Plot Labor Input Us
Log[Household Male Labor Use (Hours)/k 0.025%+ 0.024%+* 0.026*+* 0.025*+ 0.023*+* 0.026*+*
(0.005) (0.005) (0.005) (0.005) (0.006) (0.006)
Log[Household Female Labor Use (Hours)/ 0.030%* 0.028%** 0.029% 0.031%* 0.033% 0.031%
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007)
Log[Household Child Labor Use (Hours)/F -0.00z -0.002 0.00¢ -0.001 -0.00¢ -0.00:
(0.004) (0.004) (0.004) (0.004) (0.005) (0.004)
Log[Hired Labor Use (Days)/H. 0.076%* 0.071%* 0.072% 0.077% 0.076%* 0.074%
(0.008) (0.008) (0.008) (0.008) (0.008) (0.008)
Log[Exchange Labor Use (Days)/F 0.047% 0.033* 0.041%+* 0.046*+* 0.047%+* 0.049%+*
(0.013) (0.013) (0.013) (0.013) (0.014) (0.013)
Plot Locatior
Elevation (M 0.000*+* 0.000 0.000*+* 0.000*** 0.000*** 0.000***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Distance to Household (KM -0.002%** -0.002** -0.002** -0.002%** -0.002%* -0.002***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
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Table H.14 (Cont'd)

Category of Additional Covariates Integrated ink®tBase Regressi

District Plot Geospatial ~ Other Plot Household Community
Base¢ Fixed Effect Characteristic __Characteristic _Characteristic _Characteristic
Plot Cultivatior
Intercropped 0.106%+* 0.277%* 0.165%+* 0.096%+* 0.108*+* 0.112%%*
(0.022) (0.026) (0.024) (0.023) (0.022) (0.023)
Distance to Household (K» -0.002*+* -0.002** -0.002* -0.002%+* -0.002%+* -0.002**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Plot Cultivatior
Intercropped 0.106%+* 0.277%* 0.165%+* 0.096%+* 0.108*+* 0.112%%*
(0.022) (0.026) (0.024) (0.023) (0.022) (0.023)
Share of Plot Area Under Improved Se 0.121%* 0.107%* 0.121%* 0.112%+ 0.119*+ 0.120%+*
(0.024) (0.024) (0.024) (0.024) (0.024) (0.024)
Share of Plot Area Under Export Cri 0.905%** 0.878** 0.907+* 0.904** 0.906*** 0.900%**
(0.029) (0.030) (0.030) (0.031) (0.029) (0.029)
Household Characteristi
Household Siz 0.001 0.00¢ 0.00: 0.00¢ -0.061% 0.001
(0.005) (0.005) (0.005) (0.005) (0.026) (0.005)
Child Dependency Rat 0.005 0.002 -0.002 0.005 0.008 0.006
(0.017) (0.017) (0.017) (0.017) (0.023) (0.017)
Agricultural Extension Receipl 0.068** 0.034* 0.067%+* 0.065*+* 0.069*** 0.082*+*
(0.021) (0.021) (0.021) (0.021) (0.021) (0.021)
Access to Non-Farm Labor Incom -0.060%** -0.065*** -0.059%** -0.057%* -0.064%* -0.057 ***
(0.020) (0.020) (0.020) (0.020) (0.020) (0.020)
Access to Non-Farm Non-Labor Incom -0.044* -0.014 -0.023 -0.047% -0.045* -0.047%
(0.024) (0.024) (0.024) (0.023) (0.024) (0.024)
Wealth Inde 0.061++* 0.064++* 0.061%+* 0.061%+* 0.061*+* 0.061%+*
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006)
Agricultural Implement Access Ind 0.045%* 0.033%* 0.043% 0.045%+* 0.045*+* 0.046*+*
(0.008) (0.008) (0.008) (0.008) (0.008) (0.008)
Distance to Nearest ADMARC (KN 0.004** 0.006*** 0.004** 0.004%* 0.004%* 0.003*
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Household Agro-Ecological Zone Classificat
Tropic-warm/semiarid 0.181*%* 0.000 0.202* 0.183*+ 0.184*+ 0.189%+*
(0.045) (0.062) (0.049) (0.045) (0.046) (0.046)
Tropic-warm/subhumid 0.117% 0.114* 0.162%+* 0.114% 0.121%* 0.132%+*
(0.047) (0.060) (0.049) (0.047) (0.047) (0.048)
Tropic-cool/semiarid 0.090* -0.057 0.109* 0.080% 0.085* 0.113**
(0.046) (0.059) (0.049) (0.046) (0.047) (0.047)
Observations 16,372 16,372 16,016 16,153 16,372 16,234
Adjusted R-Squarec 0.20¢ 0.22: 0.21¢ 0.20: 0.20¢ 0.20¢
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Table H.15: Exploring the Presence of Omitted Varihle Bias in Base OLS Regression Results Underlyirtge RIF Decomposition at the 50tt
Dependent Variable: RIF(Log[Plot Value of OutputKlVHA])
Male-Managed Plot Samg

Category of Additional Covariates Integrated inbetBase Regressi

District Plot Geospatial ~ Other Plot Household Community
Bas¢ Fixed Effect Characteristic. Characteristic Characteristic Characteristic

Plot Manager Characteristi(

Female
Manager & Owner Overlag 0.012 -0.011 0.015 0.010 0.013 0.015
(0.023) (0.024) (0.023) (0.023) (0.023) (0.023)
Age (Years -0.001 -0.001 -0.001 -0.001 0.001 -0.001*
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Years of Schoolir 0.009%+* 0.005 0.008** 0.008*** 0.009*** 0.009*+*
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
Plot Aree
Log[GPS-Based Plot Area (H# -0.247%** -0.255%* -0.250%** -0.247%* -0.247%* -0.250%**
(0.030) (0.030) (0.030) (0.030) (0.030) (0.030)
Log[GPS-Based Plot Area (HA) Squar 0.039%* 0.041%* 0.039% 0.038* 0.039%** 0.039%*
(0.009) (0.009) (0.009) (0.009) (0.009) (0.009)
Plot Non-Labor Input Us
Incidence of Pesticide/Herbicide Us 0.305*** 0.332%+* 0.266** 0.306"** 0.312%+ 0.301+**
(0.069) (0.067) (0.069) (0.069) (0.070) (0.069)
Incidence of Organic Fertilizer Ust 0.059* 0.045 0.067* 0.053 0.060* 0.054
(0.033) (0.033) (0.033) (0.033) (0.033) (0.033)
Log[lnorganic Fertilizer Use (KG)/H, 0.077%* 0.082%** 0.080*** 0.077** 0.077%* 0.078*
(0.005) (0.005) (0.005) (0.005) (0.005) (0.005)
Plot Labor Input Us
Log[Household Male Labor Use (Hours)/t 0.067++* 0.066*+* 0.065*+* 0.067++* 0.065*+* 0.067**
(0.010) (0.010) (0.010) (0.010) (0.010) (0.010)
Log[Household Female Labor Use (Hours)/ 0.01( 0.00¢ 0.00¢ 0.01( 0.014’ 0.01:
(0.008) (0.007) (0.008) (0.008) (0.008) (0.008)
Log[Household Child Labor Use (Hours)/F 0.00¢ 0.00: 0.00% 0.00% 0.00¢ 0.00¢
(0.005) (0.005) (0.006) (0.005) (0.006) (0.006)
Log[Hired Labor Use (Days)/H, 0.075%* 0.069** 0.070%* 0.076%* 0.075%** 0.072%*
(0.010) (0.010) (0.010) (0.010) (0.010) (0.010)
Log[Exchange Labor Use (Days)/F 0.045++* 0.032 0.037* 0.046*+* 0.047%+ 0.042%
(0.017) (0.017) (0.017) (0.017) (0.017) (0.017)
Plot Locatior
Elevation (M, 0.000*** 0.000 0.000*+* 0.000*+* 0.000*+* 0.000%+*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Distance to Household (K} -0.002 -0.001 -0.001 -0.002* -0.002 -0.002*
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
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Table H.15 (Cont'd)

Category of Additional Covariates Integrated ink@tBase Regressi

District Plot Geospatial ~ Other Plot Household Community
Base¢ Fixed Effect Characteristic _Characteristic _Characteristic _Characteristic
Plot Cultivatior
Intercropped 0.121% 0.303+* 0.185%* 0.116% 0.121%+ 0.125%+*
(0.027) (0.031) (0.028) (0.028) (0.027) (0.028)
Distance to Household (KM -0.002 -0.001 -0.001 -0.002%* -0.002 -0.002*
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Plot Cultivatior
Intercropped 0.121% 0.303+* 0.185%* 0.116% 0.121%+ 0.125%+*
(0.027) (0.031) (0.028) (0.028) (0.027) (0.028)
Share of Plot Area Under Improved Se 0.123%* 0.109%+* 0.115%* 0.113%* 0.120%+* 0.127%*
(0.028) (0.028) (0.028) (0.028) (0.028) (0.028)
Share of Plot Area Under Export Cri 0.944%* 0.920%* 0.939%* 0.930%* 0.940%* 0.933%*
(0.033) (0.034) (0.033) (0.036) (0.033) (0.033)
Household Characteristi
Household Siz 0.00¢ 0.00¢ 0.00¢ 0.00¢ -0.074% 0.01(
(0.006) (0.006) (0.006) (0.006) (0.031) (0.006)
Child Dependency Rat 0.031 0.025 0.020 0.029 0.019 0.027
(0.023) (0.023) (0.023) (0.023) (0.034) (0.023)
Agricultural Extension Receipl 0.058* 0.033 0.051* 0.056* 0.060** 0.062*+*
(0.024) (0.024) (0.024) (0.024) (0.024) (0.024)
Access to Non-Farm Labor Incom -0.063*** -0.069%** -0.069%** -0.062%** -0.065%** -0.059 ***
(0.023) (0.023) (0.023) (0.023) (0.023) (0.023)
Access to Non-Farm Non-Labor Incom -0.007 0.015 0.015 -0.008 -0.004 -0.011
(0.028) (0.028) (0.028) (0.028) (0.028) (0.028)
Wealth Inde: 0.070%* 0.074+* 0.068*+* 0.071% 0.071%+ 0.069%+*
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007)
Agricultural Implement Access Ind 0.041%* 0.027%* 0.037%* 0.041%* 0.041++* 0.041%**
(0.009) (0.009) (0.009) (0.009) (0.009) (0.009)
Distance to Nearest ADMARC (KN 0.004** 0.006** 0.003 0.004%* 0.004** 0.004*
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Household Agro-Ecological Zone Classificat
Tropic-warm/semiarid 0.185%* -0.010 0.195%* 0.188*+* 0.187%* 0.204*+
(0.051) (0.069) (0.055) (0.051) (0.051) (0.052)
Tropic-warm/subhumid 0.108** 0.071 0.143* 0.112% 0.109%* 0.130%*
(0.053) (0.067) (0.056) (0.054) (0.054) (0.054)
Tropic-cool/semiarid 0.145%* -0.015 0.176%* 0.129* 0.143** 0.173**
(0.052) (0.066) (0.056) (0.052) (0.053) (0.054)
Observations 12,029 12,029 11,755 11,887 12,029 11,920
Adjusted R-Squarec 0.217 0.23! 0.22¢ 0.21( 0.21: 0.21:
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Table H.16: Exploring the Presence of Omitted Varible Bias in Base OLS Regression Results Underlyinige RIF Decomposition at the 50tt
Dependent Variable: RIF(Log[Plot Value of OutputKVHA])
Female-Managed Plot Sam|

Category of Additional Covariates Integrated inb@tBase Regressi

District Plot Geospatial  Other Plot Household Community
Base Fixed Effect Characteristic. Characteristic Characteristic. Characteristic

Plot Manager Characteristit

Female
Manager & Owner Overlag -0.039 -0.000 -0.032 -0.029 -0.040 -0.032
(0.041) (0.041) (0.041) (0.041) (0.041) (0.041)
Age (Years 0.002* 0.001 0.001 0.002* 0.003* 0.002
(0.001) (0.001) (0.001) (0.001) (0.002) (0.001)
Years of Schoolin 0.014** 0.012** 0.014** 0.014** 0.013* 0.012**
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006)
Plot Aree
Log[GPS-Based Plot Area (H/ -0.349%** -0.365%** -0.358*** -0.351%** -0.342% -0.359%**
(0.049) (0.049) (0.050) (0.050) (0.049) (0.049)
Log[GPS-Based Plot Area (HA) Squar 0.011 0.01( 0.01: 0.01( 0.01: 0.00¢
(0.011) (0.011) (0.012) (0.011) (0.011) (0.011)
Plot Non-Labor Input Us
Incidence of Pesticide/Herbicide Us 0.560%+* 0.564*** 0.612%+ 0.550%** 0.547%* 0.576*+*
(0.139) (0.144) (0.144) (0.138) (0.141) (0.136)
Incidence of Organic Fertilizer Ust 0.050 0.056 0.049 0.045 0.047 0.040
(0.052) (0.051) (0.052) (0.052) (0.052) (0.052)
Logl[Inorganic Fertilizer Use (KG)/H, 0.066** 0.069** 0.069** 0.062%* 0.065*** 0.065%**
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007)
Plot Labor Input Us
Log[Household Male Labor Use (Hours)/t 0.01¢ 0.00¢ 0.00¢ 0.01: 0.00¢ 0.01¢
(0.007) (0.007) (0.007) (0.007) (0.008) (0.007)
Log[Household Female Labor Use (Hours)/ 0.041* 0.036** 0.036** 0.043* 0.040%* 0.041**
(0.017) (0.016) (0.016) (0.017) (0.017) (0.017)
Log[Household Child Labor Use (Hours)/F -0.013 -0.014* -0.011 -0.012 -0.013 -0.013
(0.007) (0.007) (0.007) (0.007) (0.008) (0.007)
Log[Hired Labor Use (Days)/H. 0.075%+* 0.074*+ 0.070% 0.078%* 0.075%* 0.076%*
(0.015) (0.015) (0.015) (0.015) (0.015) (0.015)
Log[Exchange Labor Use (Days)/F 0.03! 0.02: 0.01¢ 0.02: 0.02: 0.02¢
(0.020) (0.020) (0.020) (0.020) (0.020) (0.020)
Plot Locatior
Elevation (M 0.000** 0.000 0.000*** 0.000** 0.000** 0.000**
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Distance to Household (KP -0.003*** -0.003*** -0.004*** -0.003*** -0.003*** -0.003 ***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
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Table H.16 (Cont'd)

Category of Additional Covariates Integrated inh@tBase Regressi

District Plot Geospatial  Other Plot Household Community
Base¢ Fixed Effect Characteristic.__Characteristic._Characteristic._Characteristic
Plot Cultivatior
Intercropped 0.160%** 0.311%+* 0.224%+* 0.152%+* 0.164% 0.172%%*
(0.038) (0.044) (0.041) (0.039) (0.039) (0.039)
Distance to Household (K! -0.003** -0.003*+* -0.004** -0.003*+ -0.003*+* -0.003 ***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Plot Cultivatior
Intercropped 0.160%** 0.311%+* 0.224%%* 0.152%+* 0.164% 0.172%%*
(0.038) (0.044) (0.041) (0.039) (0.039) (0.039)
Share of Plot Area Under Improved Se 0.133%* 0.116%** 0.152%+ 0.139% 0.132%+ 0.125*+*
(0.043) (0.043) (0.043) (0.043) (0.043) (0.043)
Share of Plot Area Under Export Cri 0.864* 0.810% 0.876%* 0.871%* 0.889*** 0.854***
(0.070) (0.073) (0.072) (0.073) (0.069) (0.070)
Household Characteristi
Household Siz 0.025%+* 0.022* 0.021* 0.022% -0.01¢ 0.024%+*
(0.009) (0.009) (0.009) (0.009) (0.025) (0.009)
Child Dependency Rat -0.040 -0.038 -0.048* -0.032 -0.010 -0.037
(0.025) (0.025) (0.025) (0.025) (0.032) (0.026)
Agricultural Extension Receipl 0.188%* 0.151%* 0.183%* 0.182%+ 0.188** 0.202%+*
(0.039) (0.040) (0.040) (0.040) (0.039) (0.040)
Access to Non-Farm Labor Incom -0.022 -0.025 -0.011 -0.033 -0.024 -0.031
(0.036) (0.036) (0.036) (0.036) (0.036) (0.036)
Access to Non-Farm Non-Labor Incom -0.137%+ -0.100%* -0.126%+ -0.137%+ -0.146%+* -0.142% %+
(0.042) (0.042) (0.042) (0.042) (0.042) (0.042)
Wealth Inde: 0.045%+* 0.048%+* 0.045%** 0.044++* 0.040% 0.042%+*
(0.010) (0.011) (0.011) (0.011) (0.010) (0.010)
Agricultural Implement Access Ind 0.046%+* 0.033** 0.050%+* 0.045%+ 0.045*+* 0.045**
(0.014) (0.014) (0.014) (0.014) (0.014) (0.014)
Distance to Nearest ADMARC (KN -0.002 0.001 0.003 -0.002 -0.001 -0.002
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
Household Agro-Ecological Zone Classificat
Tropic-warm/semiarid 0.036 -0.148 0.091 0.009 0.030 0.010
(0.094) (0.138) (0.100) (0.094) (0.096) (0.096)
Tropic-warm/subhumid -0.029 0.005 0.082 -0.062 -0.022 -0.026
(0.096) (0.137) (0.101) (0.096) (0.097) (0.097)
Tropic-cool/semiarid -0.102 -0.289** -0.138 -0.123 -0.118 -0.101
(0.096) (0.134) (0.101) (0.096) (0.098) (0.098)
Observations 4,343 4,343 4,261 4,266 4,343 4314
Adjusted R-Squarec 0.18¢ 0.21( 0.20¢ 0.18t 0.19: 0.19]
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Table H.17: Exploring the Presence of Omitted Varible Bias in Base OLS Regression Results Underlyinge RIF Decomposition at the 90tk
Dependent Variable: RIF(Log[Plot Value of OutputlVHA])
Pooled Samp!

Category of Additional Covariates Integrated ink®tBase Regressi

District Plot Geospatial ~ Other Plot Household Community
Bas¢ Fixed Effect Characteristic Characteristic Characteristic_Characteristic.

Plot Manager Characteristi(

Female -0.082* -0.097* -0.077* -0.088** -0.083* -0.080*
(0.042) (0.042) (0.042) (0.042) (0.042) (0.042)
Manager & Owner Overlag -0.026 -0.018 -0.009 -0.027 -0.025 -0.029
(0.033) (0.033) (0.033) (0.033) (0.033) (0.033)
Age (Years -0.002 -0.002 -0.002 -0.002 0.001 -0.001
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Years of Schoolin 0.001 -0.002 0.001 0.001 0.002 0.002
(0.005) (0.005) (0.005) (0.005) (0.005) (0.005)
Plot Aree
Log[GPS-Based Plot Area (H/ 0.06¢ 0.05¢ 0.06¢ 0.057 0.06¢ 0.07(
(0.054) (0.054) (0.055) (0.055) (0.054) (0.054)
Log[GPS-Based Plot Area (HA) Squar 0.188%* 0.190%* 0.190% 0.188%** 0.188%** 0.191%
(0.021) (0.020) (0.021) (0.021) (0.020) (0.021)
Plot Non-Labor Input Us
Incidence of Pesticide/Herbicide Us 0.703* 0.712% 0.705*+* 0.712%+ 0.711%* 0.706*+*
(0.137) (0.137) (0.138) (0.141) (0.138) (0.138)
Incidence of Organic Fertilizer Us¢ 0.077 0.081 0.090 0.068 0.076 0.076
(0.055) (0.054) (0.055) (0.056) (0.054) (0.055)
Logl[Inorganic Fertilizer Use (KG)/H, 0.035%** 0.039% 0.038*** 0.037+* 0.035%** 0.036%**
(0.006) (0.007) (0.006) (0.007) (0.006) (0.007)
Plot Labor Input Us
Log[Household Male Labor Use (Hours)/k 0.020% 0.019* 0.021* 0.019% 0.023* 0.023*
(0.009) (0.009) (0.009) (0.009) (0.010) (0.009)
Log[Household Female Labor Use (Hours)/ 0.031** 0.028** 0.031** 0.032** 0.035** 0.035%
(0.014) (0.013) (0.014) (0.014) (0.014) (0.014)
Log[Household Child Labor Use (Hours)/F 0.00¢ -0.00¢ 0.00z 0.00! -0.00% -0.00:
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007)
Log[Hired Labor Use (Days)/H. 0.104%* 0.102%** 0.103% 0.103%* 0.104% 0.104%
(0.015) (0.015) (0.015) (0.015) (0.015) (0.015)
Log[Exchange Labor Use (Days)/F 0.01¢ -0.00! 0.00% 0.01: 0.01« 0.01:
(0.020) (0.020) (0.020) (0.020) (0.020) (0.020)
Plot Locatior
Elevation (M -0.000** -0.000 -0.000 -0.000%** -0.000** -0.000**
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Distance to Household (KM 0.001 0.001 0.001 0.001 0.001 0.000
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
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Table H.17 (Cont'd)

Category of Additional Covariates Integrated ink®tBase Regressi

District Plot Geospatial ~ Other Plot Household Community
Base¢ Fixed Effect Characteristic __Characteristic _Characteristic _Characteristic
Plot Cultivatior
Intercropped 0.135%+* 0.239%* 0.193*+* 0.120*+* 0.132%+* 0.135%+*
(0.034) (0.042) (0.036) (0.035) (0.034) (0.035)
Distance to Household (K» 0.001 0.001 0.001 0.001 0.001 0.000
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Plot Cultivatior
Intercropped 0.135%+* 0.239%* 0.193*+* 0.120*+* 0.132%+* 0.135%+*
(0.034) (0.042) (0.036) (0.035) (0.034) (0.035)
Share of Plot Area Under Improved Se 0.023 0.018 0.033 0.016 0.022 0.026
(0.031) (0.031) (0.031) (0.031) (0.031) (0.031)
Share of Plot Area Under Export Cri 3.062%* 3.044% 3.066%** 3.118%* 3.057%* 3.068***
(0.107) (0.107) (0.108) (0.111) (0.108) (0.108)
Household Characteristi
Household Siz 0.00¢ 0.00¢ 0.00¢ 0.00¢ -0.118%* 0.00¢
(0.008) (0.008) (0.008) (0.008) (0.037) (0.008)
Child Dependency Rat -0.006 -0.009 -0.015 -0.001 -0.018 -0.005
(0.026) (0.026) (0.026) (0.027) (0.033) (0.026)
Agricultural Extension Receipl 0.052 0.020 0.049 0.055 0.055 0.057
(0.034) (0.034) (0.034) (0.034) (0.034) (0.035)
Access to Non-Farm Labor Incom -0.130%** -0.129%** -0.128% -0.136%** -0.131% -0.127 ***
(0.031) (0.032) (0.031) (0.032) (0.031) (0.032)
Access to Non-Farm Non-Labor Incom -0.016 0.024 0.001 -0.025 -0.019 -0.016
(0.039) (0.039) (0.040) (0.041) (0.039) (0.040)
Wealth Inde 0.060*+* 0.064** 0.061*+* 0.061*+* 0.061*+* 0.063*+*
(0.010) (0.010) (0.010) (0.010) (0.010) (0.010)
Agricultural Implement Access Ind 0.036** 0.022% 0.036*+* 0.035*+* 0.036*** 0.034**
(0.013) (0.013) (0.013) (0.013) (0.013) (0.013)
Distance to Nearest ADMARC (KN 0.003 0.004 0.006** 0.002 0.003 0.003
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
Household Agro-Ecological Zone Classificat
Tropic-warm/semiarid -0.200%+* -0.206** -0.160* -0.190%+* -0.208*+* -0.180**
(0.072) (0.102) (0.079) (0.074) (0.073) (0.076)
Tropic-warm/subhumid -0.146* 0.009 -0.115 -0.140* -0.151* -0.131*
(0.076) (0.101) (0.082) (0.077) (0.076) (0.077)
Tropic-cool/semiarid -0.114 -0.231% -0.080 -0.100 -0.122* -0.107
(0.073) (0.092) (0.077) (0.074) (0.074) (0.076)
Observations 16,372 16,372 16,016 16,153 16,372 16,234
Adjusted R-Squarec 0.25¢ 0.26¢ 0.267 0.25¢ 0.25¢ 0.25¢
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Table H.18: Exploring the Presence of Omitted Varihle Bias in Base OLS Regression Results Underlyirtge RIF Decomposition at the 90tt
Dependent Variable: RIF(Log[Plot Value of OutputKlVHA])
Male-Managed Plot Samg

Category of Additional Covariates Integrated inbetBase Regressi

District Plot Geospatial ~ Other Plot Household Community
Bas¢ Fixed Effect Characteristic. Characteristic Characteristic Characteristic

Plot Manager Characteristi(

Female
Manager & Owner Overlag -0.021 -0.020 -0.003 -0.017 -0.017 -0.030
(0.036) (0.037) (0.037) (0.036) (0.036) (0.036)
Age (Years -0.001 -0.001 -0.001 -0.001 0.002 -0.001
(0.001) (0.001) (0.001) (0.001) (0.002) (0.001)
Years of Schoolir -0.000 -0.003 -0.002 0.000 0.000 -0.001
(0.005) (0.005) (0.005) (0.005) (0.005) (0.005)
Plot Aree
Log[GPS-Based Plot Area (H# 0.101’ 0.09¢ 0.097 0.09¢ 0.100” 0.103’
(0.059) (0.059) (0.060) (0.061) (0.059) (0.059)
Log[GPS-Based Plot Area (HA) Squar 0.183%* 0.186** 0.184* 0.185%* 0.182%%* 0.184%*
(0.024) (0.024) (0.025) (0.025) (0.024) (0.024)
Plot Non-Labor Input Us
Incidence of Pesticide/Herbicide Us 0.765** 0.767%* 0.744% 0.703** 0.778%* 0.768*+
(0.154) (0.156) (0.156) (0.162) (0.155) (0.155)
Incidence of Organic Fertilizer Ust 0.127* 0.119* 0.142* 0.114* 0.123* 0.123*
(0.065) (0.065) (0.066) (0.067) (0.065) (0.066)
Log[lnorganic Fertilizer Use (KG)/H, 0.036** 0.039%* 0.039%** 0.036** 0.035%** 0.036**
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007)
Plot Labor Input Us
Log[Household Male Labor Use (Hours)/t 0.084++* 0.083*+* 0.078%+* 0.087++* 0.082*+* 0.091++*
(0.017) (0.017) (0.017) (0.017) (0.017) (0.017)
Log[Household Female Labor Use (Hours)/ 0.00¢ 0.00: 0.001 0.00¢ 0.011 0.001
(0.016) (0.016) (0.016) (0.016) (0.016) (0.016)
Log[Household Child Labor Use (Hours)/F 0.00: 0.00: 0.00¢ 0.00« -0.001 0.00¢
(0.008) (0.009) (0.009) (0.009) (0.009) (0.008)
Log[Hired Labor Use (Days)/H, 0.117%* 0.115%* 0.1171% 0.120%* 0.116%** 0.118%*
(0.017) (0.017) (0.017) (0.018) (0.017) (0.017)
Log[Exchange Labor Use (Days)/F 0.01¢ 0.00¢ 0.012 0.01: 0.01¢ 0.01«
(0.025) (0.025) (0.025) (0.025) (0.025) (0.025)
Plot Locatior
Elevation (M, -0.000** -0.000 -0.000 -0.000%** -0.000** -0.000**
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Distance to Household (K} 0.002 0.003 0.003 0.002 0.002 0.002
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
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Table H.18 (Cont'd)

Category of Additional Covariates Integrated ink@tBase Regressi

District Plot Geospatial ~ Other Plot Household Community
Base Fixed Effect Characteristic _Characteristic _Characteristic _Characteristic

Plot Cultivatior

Intercropped 0.097** 0.196™* 0.138*+* 0.074* 0.093** 0.092**
(0.040) (0.047) (0.041) (0.041) (0.040) (0.042)
Distance to Household (KM 0.002 0.003 0.003 0.002 0.002 0.002
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Plot Cultivatior
Intercropped 0.097** 0.196™* 0.138*+* 0.074* 0.093** 0.092**
(0.040) (0.047) (0.041) (0.041) (0.040) (0.042)
Share of Plot Area Under Improved Se -0.010 -0.014 -0.004 -0.020 -0.010 -0.006
(0.034) (0.034) (0.034) (0.035) (0.034) (0.034)
Share of Plot Area Under Export Cri 2.950%* 2,933+ 2,962+ 2.972%* 2.947% 2.933%
(0.114) (0.114) (0.115) (0.118) (0.114) (0.114)
Household Characteristi
Household Siz 0.00¢ 0.00¢ 0.00¢ 0.00¢ -0.120%* 0.00¢
(0.010) (0.010) (0.010) (0.010) (0.045) (0.010)
Child Dependency Rat 0.029 0.024 0.023 0.036 0.038 0.026
(0.037) (0.037) (0.037) (0.037) (0.053) (0.037)
Agricultural Extension Receipl 0.039 0.013 0.038 0.042 0.044 0.038
(0.038) (0.038) (0.038) (0.038) (0.038) (0.038)
Access to Non-Farm Labor Incom -0.116% -0.112% -0.126% -0.124% -0.117%* -0.111 %
(0.036) (0.037) (0.036) (0.036) (0.036) (0.036)
Access to Non-Farm Non-Labor Incom 0.004 0.030 0.018 0.000 0.004 0.014
(0.045) (0.045) (0.045) (0.046) (0.045) (0.045)
Wealth Inde: 0.056*+* 0.062*+* 0.057*+* 0.056*+* 0.056*+* 0.058***
(0.011) (0.011) (0.011) (0.012) (0.012) (0.012)
Agricultural Implement Access Ind 0.033* 0.019 0.032* 0.031* 0.031* 0.030*
(0.014) (0.015) (0.015) (0.015) (0.014) (0.014)
Distance to Nearest ADMARC (KN 0.007** 0.008** 0.008** 0.007** 0.007** 0.007**
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
Household Agro-Ecological Zone Classificat
Tropic-warm/semiarid -0.142* -0.160 -0.096 -0.118 -0.156** -0.120
(0.075) (0.104) (0.084) (0.076) (0.076) (0.079)
Tropic-warm/subhumid -0.062 0.054 -0.045 -0.043 -0.076 -0.048
(0.079) (0.105) (0.087) (0.080) (0.079) (0.081)
Tropic-cool/semiarid -0.011 -0.141 0.026 0.025 -0.024 0.008
(0.076) (0.094) (0.081) (0.077) (0.076) (0.080)
Observations 12,029 12,029 11,755 11,887 12,029 11,920
Adjusted R-Squarec 0.271 0.27¢ 0.27¢ 0.271 0.27: 0.27:
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Table H.19: Exploring the Presence of Omitted Varible Bias in Base OLS Regression Results Underlyinige RIF Decomposition at the 90tt
Dependent Variable: RIF(Log[Plot Value of OutputKVHA])
Female-Managed Plot Sam|

Category of Additional Covariates Integrated inb@tBase Regressi

District Plot Geospatial  Other Plot Household Community
Base Fixed Effect Characteristic. Characteristic Characteristic. Characteristic

Plot Manager Characteristit

Female
Manager & Owner Overlag -0.088 -0.040 -0.096 -0.106 -0.098 -0.101
(0.083) (0.086) (0.085) (0.086) (0.083) (0.082)
Age (Years -0.002 -0.002 -0.001 -0.002 0.000 -0.002
(0.002) (0.002) (0.002) (0.002) (0.003) (0.002)
Years of Schoolin 0.019* 0.015 0.026** 0.021* 0.020* 0.017
(0.011) (0.012) (0.012) (0.012) (0.011) (0.011)
Plot Aree
Log[GPS-Based Plot Area (H/ 0.03¢ -0.00¢ 0.027 0.04( 0.04: 0.072
(0.105) (0.107) (0.112) (0.109) (0.107) (0.105)
Log[GPS-Based Plot Area (HA) Squar 0.213%+ 0.211%+ 0.220%* 0.217%* 0.216%* 0.221%
(0.033) (0.033) (0.035) (0.034) (0.033) (0.033)
Plot Non-Labor Input Us
Incidence of Pesticide/Herbicide Us 0.232 0.223 0.254 0.229 0.236 0.242
(0.320) (0.313) (0.334) (0.328) (0.316) (0.322)
Incidence of Organic Fertilizer Ust -0.038 0.001 -0.058 -0.032 -0.038 -0.045
(0.094) (0.095) (0.097) (0.097) (0.093) (0.094)
Logl[Inorganic Fertilizer Use (KG)/H, 0.023 0.027* 0.029** 0.022 0.022 0.024*
(0.014) (0.014) (0.014) (0.015) (0.014) (0.014)
Plot Labor Input Us
Log[Household Male Labor Use (Hours)/t -0.034* -0.036*+ -0.035%+* -0.035* -0.030° -0.032+
(0.013) (0.013) (0.013) (0.014) (0.017) (0.013)
Log[Household Female Labor Use (Hours)/ 0.067** 0.061’ 0.061’ 0.069** 0.066** 0.079**
(0.032) (0.032) (0.032) (0.032) (0.032) (0.032)
Log[Household Child Labor Use (Hours)/F -0.00: -0.00¢ 0.00: -0.00! -0.011 -0.00:
(0.013) (0.013) (0.014) (0.014) (0.015) (0.013)
Log[Hired Labor Use (Days)/H. 0.144*+ 0.149%+ 0.139% 0.142%* 0.146%* 0.148%*
(0.033) (0.033) (0.034) (0.035) (0.033) (0.033)
Log[Exchange Labor Use (Days)/F 0.02: 0.00¢ -0.00: 0.02¢ 0.02( 0.01¢
(0.039) (0.040) (0.038) (0.040) (0.039) (0.039)
Plot Locatior
Elevation (M 0.000 -0.000 0.000* 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Distance to Household (KP -0.001 -0.000 -0.001 -0.002* -0.000 -0.002**
(0.001) (0.002) (0.002) (0.001) (0.001) (0.001)
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Table H.19 (Cont'd)

Category of Additional Covariates Integrated inh@tBase Regressi

District Plot Geospatial  Other Plot Household Community
Base Fixed Effect Characteristic_Characteristic _Characteristic. Characteristic

Plot Cultivatior

Intercropped 0.152** 0.264*** 0.226*** 0.135* 0.155** 0.132*
(0.070) (0.084) (0.076) (0.074) (0.072) (0.071)
Distance to Household (K! -0.001 -0.000 -0.001 -0.002* -0.000 -0.002*
(0.001) (0.002) (0.002) (0.001) (0.001) (0.001)
Plot Cultivatior
Intercropped 0.152** 0.264*** 0.226*** 0.135* 0.155** 0.132*
(0.070) (0.084) (0.076) (0.074) (0.072) (0.071)
Share of Plot Area Under Improved Se -0.022 -0.058 0.019 -0.021 -0.026 -0.014
(0.073) (0.074) (0.074) (0.075) (0.074) (0.074)
Share of Plot Area Under Export Cri 3.521% 3.426%* 3.616%* 3.554%* 3.530%** 3.518%*
(0.336) (0.338) (0.344) (0.345) (0.334) (0.334)
Household Characteristi
Household Siz 0.054*** 0.053*** 0.052%** 0.053%+* -0.02¢ 0.051%*
(0.017) (0.017) (0.017) (0.018) (0.045) (0.017)
Child Dependency Rat -0.121%* -0.111% -0.150%** -0.111* -0.087 -0.115%*
(0.042) (0.042) (0.042) (0.044) (0.053) (0.042)
Agricultural Extension Receipl 0.147* 0.089 0.121 0.147* 0.147* 0.169**
(0.076) (0.079) (0.076) (0.078) (0.076) (0.077)
Access to Non-Farm Labor Incom -0.049 -0.046 -0.018 -0.050 -0.054 -0.048
(0.067) (0.067) (0.070) (0.069) (0.067) (0.066)
Access to Non-Farm Non-Labor Incom -0.043 0.009 -0.008 -0.073 -0.069 -0.060
(0.084) (0.084) (0.087) (0.087) (0.084) (0.084)
Wealth Inde: 0.069*** 0.082%** 0.070%** 0.069*%* 0.064*+* 0.059**
(0.023) (0.024) (0.024) (0.024) (0.023) (0.024)
Agricultural Implement Access Ind 0.045* 0.023 0.049* 0.037 0.043* 0.034
(0.025) (0.026) (0.024) (0.026) (0.025) (0.025)
Distance to Nearest ADMARC (KN -0.011* -0.009 -0.004 -0.012** -0.011** -0.009*
(0.005) (0.006) (0.006) (0.005) (0.005) (0.005)
Household Agro-Ecological Zone Classificat
Tropic-warm/semiarid -0.185 -0.077 -0.089 -0.218 -0.156 -0.310
(0.188) (0.258) (0.210) (0.195) (0.191) (0.192)
Tropic-warm/subhumid -0.178 0.058 -0.094 -0.190 -0.146 -0.282
(0.194) (0.262) (0.212) (0.201) (0.196) (0.196)
Tropic-cool/semiarid -0.298 -0.317 -0.239 -0.326* -0.291 -0.403*
(0.190) (0.245) (0.202) (0.195) (0.195) (0.192)
Observations 4,343 4,343 4,261 4,266 4,343 4314
Adjusted R-Squarec 0.20¢ 0.20¢ 0.21% 0.20( 0.20¢ 0.20¢
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