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Female Employment Reduces Fertility in Rural Sel*

By Goedele Van den Broe and Miet Maertens,
Division of Bic-Economics, KU Leuven

The recent horticultural export boom in Senegal hesated new ofarm wage
employment opportunities for the rural populatiagspecially for women. W
hypothesise that female wage employment may losvelity rates through ar
income effect, an empovment effect and a substitution effect, and addtliss
guestion empirically using household survey data &amo different regressic
techniques (a Differen-in-Differences estimator and an Instrumental Varie
approach). We find that besides educatifemale employment has a signific.
negative effect on fertility rates. Reducing féstilrates is considered as
prerequisite for reaching the MDGs, and our findingplies that the horticulture

export boom and associated employment may indyreotiribute to this.
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1. Introduction

Developing countries have high fertility rates dade rapid population growth, leading to
various environmental and social concerns (Ezeth. €2012). In Sub-Saharan Africa (SSA) total
fertility rates are among the highest in the wavith 5.1 births per woman in 2012 compared to
1.7 for high-income countries (World Bank, 2014)reiluction in fertility rates is considered to
be beneficial for these countries as it is assediatith improved child and maternal health,
empowerment of women, and poverty and hunger allievi (Cleland et al., 2006; Canning and
Schultz, 2012) — and hence contributes to achibeefitst, third, fourth and fifth Millennium
Development Goal (MDG).

Since the 1994 International Conference on Pomulasind Development (ICPD), many
developing countries have invested in family plagnprograms to reduce fertility rates. These
programs mainly focus on improving knowledge abdutth control and access to
contraceptives. Total fertility rates (TFR) dropp&idce the 1990s but less so in SSA than in
other low- and middle-income regions. In SSA theRTdrecreased from 6.4 in 1990 to 5.1 in
2012, while in South-Asia TFR decreased from 4.2.6 and in Latin-America from 3.2 to 2.2
over the same period (World Bank, 2014). While ioyimg the access to contraceptives is
necessary for reducing fertility rates, it is nafffigient in countries where the demand for
children remains high. For TFR to drop, fertilityeferences need to change; either through a
socio-cultural evolution or through socio-econoroi@anges (Foley, 2007; Shenk et al., 2013).
Economic growth and modernization of society areegally associated with TFR decreases —
although there is some recent evidence that begertdin levels of development, fertility rates
increase again (Myrskyld, 2009) — but it is not ptetely understood why and how (Teitelbaum,
1975; Mason, 1997; Munshi and Myaux, 2006).

In this paper we assess how fertility changes withieased labor market participation of
women. Female employment affects fertility throdigiree main channels: 1/ an income effect, 2/
a substitution effect, and 3/ an empowerment effBetker, 1960; Basu, 2006). First, female
employment contributes to total household inconrmel additional income can be invested in
raising more children or in improving childcare tjtya This income effect can lead to increased
or reduced fertility, but generally fertility dropsincome rises (Galor and Weil, 2000). Second,
employed women have a higher opportunity cost g children, and substitute productive



labor for reproductive labor. This substitutioneeff results in decreased fertility. Third, working
outside the household and earning an own incomeoeems women. If women have lower-
fertility preferences than men — which has beerudwmnted to be the case for SSA (Upadhay
and Karasek, 2010) — women’s empowerment withinhibhesehold will reduce fertility rates.
Through employment women widen their social netwavkich can lower fertility preferences
and increase knowledge about birth control (Abk8%4).

The empirical relation between female employmertt famtility has been documented for
high-income countries, mainly through cross-coustidies (e.g. Brewster and Rindfuss, 2000;
Ahn and Mira, 2002). Micro-economic studies and ki@l evidence from developing
countries, and especially from rural areas, areeely scarce. Lower individual fertility due to
employment of women has been documented for theddands (Kalwij, 2000), United States
of America (Budig, 2003), China (Fang, 2013) anblamr areas in SSA (Shapiro and Tambashe,
1997; Beguy, 2009). Micro-economic evidence is eeetb further elucidate whether female
employment and fertility decreases are part of Bul evolution or whether an economic
revolution in female employment can trigger fetyildecreases. Evidence from low-income
countries is important because effects may diffeaisetting of early and slow demographic
transition, as in many countries in SSA (Teitelbad®75; Mason, 1997). Effects may differ
because the cost of raising children is low, soegurity is largely absent, reproductive norms
are different and female empowerment is low.

In this paper we analyze the effect of female eymplent on fertility in the Saint-Louis
region in Senegal. This is a relevant case formeasons. First, Senegal has a TFR of 5.0, which
is one of the highest in the world (World Bank, 2DR1The transition towards lower fertility
started in Senegal, in the early 1970s in urbaasaend the late 1980s in rural areas, but is
particularly slow (Garenne and Josephe, 2002). $bregalese government is investing in
family planning programs, especially targeting ruaaeas, with the aim of increasing the
contraceptive prevalence rate to 27% by 2015 (Réué du Sénégal, 2012). Our results can
inform such policy to render programs more succgdsy directing them to regions where
women have lower-fertility preferences. Second, dememployment in the Saint-Louis region
increased rapidly since 2005 as a result of addttiral export boom. Increased investments in

the horticultural export sector created employmaportunities for rural women while these



women hardly participated in the labor market beftre boom (Maertens et al., 2011). This
represents an ideal case to study how fertilityngea with increased female employment in a

poor, rural area.

2. Materials and Methods

2.1.Research area
Our research area covelsee rural communities (Gandon, Fass and Diam#)anSaint-Louis
region in the north of Senegal. This area was ivety chosen because it is one of the main
regions from where horticultural exports are reasdizA multinational holding invested in this
area in 2003 and started to export cherry tomatoe005. In the meantime the number of
horticultural export companies in the region inseghto five, and the cultivated area and product
variety are still expanding. The five export comigarare all located in the northern part of the
area, north of Saint Louis town and the N2 roaiRoss Bethio. Availability of land and water
from the Senegal river are the main reasons forpeones to establish in this area. In the
southern area, south of Saint Louis town and thengzhorticultural exports have been realized
yet but one company already has a land lease detdllis area and is investing in irrigation
infrastructure to start export activities from 20d@wvards. The companies produce vegetables on
land leased from local rural communities, do pastrast handling in their conditioning centers,

and export produce to the EU; and rely on labagchfrom the surrounding communities.

2.2.Data collection
Survey data were collected in one round in Aprite2013. A stratified random sample of 500
households, clustered in 34 villages, was drawd,aguantitative structured questionnaire was
used. The survey provides household-level dataaom froduction, land and non-land assets,
and living conditions, and individual-level data demographic characteristics, employment
history and off-farm earnings. Production and ineathata are collected for the 12 months period
prior to the survey. Individual-level data are eotkd for all current household members (i.e. all
persons who lived, slept and ate within the houskebmmpound during at least six months in the
12 months period prior to the survey), and childoérthe household head who already left the

household. The sample of 500 households includ€® Hslult women above the age of 18;



including wives, daughters and in-laws of the hbotd head who live in the extended
household. Data include the birth years for theisurg children of all these women; including
children who do not live in the household anymdreis allows to construct a detailed fertility
history for these 1500 women. For the fertility lyses we only retain women in the age range
from 18 to 40 because 18 is the lower age limiféomal wage employment and because we do
not expect to see an impact for older women whesgéify decisions were already taken before
the export boom. In addition, we suspect that thaity of the data on child birth years declines
for older women. The final sample of women in tlyge @ohort 18-40 includes 997 women of
which 185 are employed outside the household aachttusehold farm; the majority (66%) in
horticultural export companies. While we only cotkl cross-sectional data in one survey
round, with detailed data on women'’s fertility loist and on entry into employment, and some
other recall data we can construct a panel datdbaselimited number of variables. Additional
data were collected from the sampled villages, eoggaphical and institutional characteristics,
and from the five export companies, on productiotivdies, sourcing strategies and working

conditions. National export figures are from FAOSTBRatabase.

2.3. Employment and fertility calculations

We distinguish a north area, north of South-Louinere the export companies are located, and a
south area, south of Saint-Louis where no exparipamies are active yet. Female employment
rates for these two areas (Fig. 1a) are calculasetthe share of women (aged 18-65 and able to
work) employed in horticultural export companiestire period 2000-2012, based on recall
guestions about employment. Birth rates for the aneas are calculated as the total number of
children born in a specific year divided by theatatumber of fertile women (aged 15-49) in that
year. The TFR is calculated for the two areas asstim of age-specific fertility rates for 5 year
age cohorts (15-19, 20-24, up to 45-49) for theope?2007-2012. We categorize the 997 women
in the sample in four age cohorts: 18-24, 25-2938@nd 35-40. Age-specific fertility (Fig 1b)

is calculated as the average number of surviviniglgm per woman for these age cohorts and
for employed and non-employed women. We use thebeuraf surviving children as fertility
indicator rather than total number of live births,is mostly done in economic studies (Shenk et

al., 2013). We define employed women as women whdigpated in formal off-farm



employmentduring the 12 months period prior to the surveydrdless of the length of that
employment)Age at first marriage (Fig 1¢) and age at firstdihirth (Fig 1d) are calculated as

average ages for the four age cohorts and for gragland non-employed women.

2.4.Causal identification
Causal identification of the effect of female enypient on fertility is difficult due to
unobserved heterogeneity and reverse causalitgniBait underestimation of the negative effect
of female employment on fertility (or overestimaticof the fertility-reducing effect of
employment) is a particular concern as this may lea wrong conclusions. Unobserved
heterogeneity in social norms and in the initiapemerment of women may influence both the
likelihood of women to be employed and their festil If more empowered women and women
in less traditional communities have a higher pbiliig of employment and a lower fertility, we
may underestimate the negative effect of femalel@ynpent on fertility (or overestimate the
reduction in number of children). Also reverse @ity may lead to underestimated effects if
women with (more) children have a lower likelihoad be employed (Cramer, 1980).
Overestimation of the effect of female employment fertility (or underestimation of the
fertility-reducing effect) is less likely but couletcur, e.g. if poorer women have more children
and are more attracted to off-farm wage employmapportunities. We use difference-in-
differences (DD) estimation, combined with matchimgd Poisson regression models with
village fixed effects and instrumental variable¥)(las identification strategy. Randomized
control trials (RCT) are sometimes put forwardtesmost credible causal identification strategy
but an RCT in which employment is randomized actbssfemale working-age population to
measure the effects on fertility years later is feaisible and prone to a ‘faux exogeneity’ claim
(Barrett and Carter, 2010).

2.4.1. Difference-in-Differences estimation

We use difference-in-differences (DD) estimatiorctonpare the number of surviving children
per woman for employed/treated and non-employedocbrwomen before and after the
treatment. We use 2005, the start of the horticaltexport boom when female employment was

very low (Fig la), as pre-treatment point and 20t® year of the survey when female



employment was very high (Fig 1a), as post-treatmpemt. We use a balanced panel of the 997
women in the sample who were in the age catego0l 2013. We use the fertility history
data to derive the number of children a woman mag005, and recall data for other variable
values in 2005. First, we estimate a simple DD rh@elguation 1, DD) including a treatment
variable T : a dummy variable for women being employed in 90Etime variablet(: a
dummy for the post-treatment year), and the intemacbetween these twdif). Second, we
estimate the DD model (equation 2, DD with covasatwith a set of observable time-varying
and time-constant pre-treatment characteristic¥he vectorxX; includes women’s age, literacy,
marital status, religion and ethnicity, househ@dd ownership and distance from the road in
2005. These variables might be correlated with feraenployment and fertility and are included
to increase consistency and efficiency of the coefit estimates. The coefficiefit represents
the time-invariant differences between the treaded control group and the coefficiefi
represents the effect of going from the pre-treatnyear to the post-treatment year. Our main
interest lies in the coefficieng; that represents the DD estimator of the effectfevhale
employment on fertilityY;), as indicated in equation 3.

Yi = Bot BTy + Bt + BiTit+ g 1)
Yi = Bot BT+ B+ pTit+ X + g 2)
Bs= (V- Yr) = (Yeom Yo with T treated and C control (3)

Using the DD estimation, we are able to controldbservable pre-treatment characteristics
and for unobservable time-constant effects thathimg correlated with both employment and
fertility. However, the estimated effect of femalmployment on fertility might still be biased if
employed/treated and unemployed/control observatiar@ not similar in unobservable pre-
treatment characteristics as treatment is not r@ahdassigned to women. We further control for
heterogeneity in initial conditions by combiningetidD estimation with Propensity Score
Matching (PSM). We estimate a propensity score (B8)g the vectok;, match employed and
unemployed women on the PS using Kernel matchiegyvel the matching weights, and use
these weights in the DD estimation of the effecewiployment on fertility within the common

support region. Balancing properties are testedTgle) and treated and control units are found



to be similar in observable characteristics aftataiing. This approach resembles a quasi-
experimental approach to create similarity in dadnd control units through matching.

The DD estimation does not solve the issue of thaging unobservable characteristics that
are potentially correlated with female employmemd &ertility. An additional drawback is that
we can only include a limited number of variablesthe DD estimation for which recall
information is available. Therefore, we combinestimethod with a cross-sectional Poisson
regression that allows to include more observalilaracteristics and to use instrumental

variables to reduce bias from reverse causalityummtbserved heterogeneity.

2.4.2. Poisson regression
We estimate the effect of female employment onilitgrtusing cross-sectional regression
analysis. As the number of children is a countaladd, we assume a Poisson distribution of the
dependent variablg with the meany an exponential function of a vector of covariatgsThis
vector includes our main variable of interest, anthy variable for female employment, and a
large set of control variables at individual lef@bmen’s age, literacy, marital status, religion,
ethnicity, and relation to the household head),skbold level (land ownership, livestock
ownership, poverty status, and age, gender anddigeof the household head), and village level
(distance from the road, presence of a female aghon, and ethnic composition). Poverty
status is calculated according to the MultidimenaloPoverty Index (MPI) guidelines by the
United Nations Development Programme (Alkire andt8s, 2010). Households are considered
to be poor if their MPI is higher than 0.33. Thesentrol variables capture observable
characteristics that are likely correlated with &eemployment and/or fertility. Additionally,
we include the number of children a woman had i052@ control for fertility preferences

before the horticultural export boom and associ&ethle employment started.

(Z#) 4,y
F’r(YiZY):(e—I'u‘);,ui =" fory=0,1,2, .., (4)
y!

First, we estimate a standard Poisson regressitn nabust standard errors to correct for
over-dispersion (Poisson). Second, we additionatijude village fixed effects (Poisson Village

FE). If unobserved norms and attitudes towards kemaployment and fertility are community-



specific, village fixed effects may control for serpart of the unobserved heterogeneity. Third,
we apply a two-stage residual inclusion (2SRI) entool-function approach to further reduce
unobserved heterogeneity bias. A conventional tiagesleast squares (2SLS) approach would
lead to inconsistent estimates, because of thelinearity of the Poisson model (Terza et al.,
2008). The distance to the nearest horticulturpbexcompany is used as an instrument. This is
a relevant instrument as it has a large negatidesagnificant effect on female employment in
the first stage regression (Table S6) — whichlsted to an increased walking time women need
to reach the company. We argue for plausible ex@igerof the instrument. Companies’
investment decisions are likely not related to woisidertility decisions, but rather determined
by immediate access to land, water and labor. Tokereéhe correlation between the instrument
and unobserved differences in initial reproductieems and female empowerment is likely very
low (albeit not completely zero). We find that tbeefficient on the predicted residuals in the
second stage regression is insignificant (Table, S#)ich is an indication that female
employment is not endogenous. The insignificargafbf number of children in 2005 in the first
stage regression (Table S6) also points in thisctlon as it indicates that women’s fertility in
2005 did not influence the probability of employrhamd that reverse causality is not a major
issue. In this case, the coefficient estimate fmdle employment in the 2SRI model is
consistent but less efficient than the estimatédhefstandard Poisson regression. A Hausman test
comparing the standard Poisson and 2SRI regresdaesnot reject the null hypothesis that the
standard Poisson estimation is consistent andesitic

The efficiency and consistency of this Poisson Bhdpproach importantly depends on the
choice of the instrument. We argue for plausibleogeneity of the instrument but we
acknowledge that the instrument, the distancedm#arest horticultural company, is not perfect.
First, women with lower fertility preferences mightove closer to the companies to access
employment. This is not the case in our sampley three women migrated after the companies
established, which we consider negligible. Secdiné,presence of companies might influence
fertility decisions through other channels than Emment. Companies invest in infrastructure
such as roads, school, and health centres as patieoland lease deals with the rural
communities. This may affect fertility decisionsespective of employment in the companies.

Such effects are more indirect and likely lessrggrbut could lead to an overestimation of the



negative effect of employment on fertility (or anderestimation of the fertility-reducing effect
of employment). However, these effects are at lpadtally captured by the variable ‘distance to
concrete road’ in the Poisson regression modelkd] by choosing a location based on access to
land, water and labor, companies might settle @asuwith particular fertility rates. Companies
may prefer to settle closer to the Senegal riveer villages could be more prosperous because
of easy access to water; and this prosperity niighe affected fertility decisions in the past.
Companies may prefer to settle in villages withratant labor resources; and this abundance
might be related to high fertility rates in the pa@ompanies may settle in villages with stronger
leadership because these villages are strongheindgotiation process with the companies; and
this may be related to different cultural fertiliorms. Such unobserved effects may lead to
some remaining bias in our estimates. However etledfects are at least partially captured by
the variable ‘number of children in 2005’ in thei$dmn regression model. Because of the
difficulty to find a perfect instrument, we combiti@s method with the above described DD

approach that does not depend on instruments brgtoatl information.

3. Results

3.1. Horticultural exports and female employment
Horticultural exports from Senegal increased fromi8ion USD in 2003 to 45 million in 2011.
The five export companies in the region Saint-Lonithe north of Senegal account for a major
share of these exports. The increase in hortialltexports have created approximately 5,000
jobs in the region, of which 80% are occupied bynea. The employees are mainly unskilled
workers from the surrounding villages. The majorgtyired as daily or seasonal workers; either
as field workers for harvesting or as factory weskéor washing, sorting and packing of
produce. In the communities north of Saint Louisridnorth area), where the export companies
are located because of easy access to irrigatiter fvam the Senegal river, the share of women
who are wage employed in the horticultural expextsr increased from virtually zero in the
early years 2000 to more than 20% in 2013 (Fig. ta)he neighboring communities south of
Saint Louis town (south area), where new investmémtirrigation infrastructure and export
companies are planned but not executed yet, teeaamuch smaller (only 3% in 2013) increase

in the share of wage employed women (Fig. 1a). ¢hisbe explained by a larger distance to the



companies, resulting in substantially more time deee for potential workers to reach the
companies by foot. The road network density indtea is low and most people do not have any
other means of transport. In addition, rural comities negotiated for preferential sourcing of
labor from their own communities in the land ledsals with the companies.

[Figure 1]

From the 500 households that were surveyed, 132 Wwamen that are employed for a wage
outside the household and the family farm. Thel toiaome in these households is about 20%
higher than in households without female employm@rtble S1). The wages of employed
women contribute on average 23% to the total incofrteese households. These wages mainly
(75%) come from the horticultural export industmyt lIsome women have other jobs (mainly
domestic workers, hairdressers and garment-workerSaint Louis town). In our sample,
women are employed on average 6.7 months per yeh72% is employed for at least six
months per year. Eighty-three percent of the engdoyomen have a daily or seasonal contract
while 17% have a yearly or permanent contract. muthe employment period, women work
nearly full-time with an average of 37 hours perelueMost employed women never worked
outside the household and the family farm befostr tamployment in export companies. Apart
from wage employment, households obtain income fiaming and small off-farm businesses.
There are some differences between employed andempfoyed women in observable
individual, household and village characteristitalile S2). When analyzing the probability of
women to be employed (Table S6), we find the high@sbability for ethnic non-Wolof,
unmarried women around the age of 25 who live Withr parents. Women in villages closer to
the export companies and to the road network, andiliages with a single ethnicity and
presence of female associations also have a higlodxability of being employed. Women'’s

education and household asset ownership do natt dlfffe likelihood of employment.

3.2. Female employment and fertility
While female employment increased over time, fgytitlecreased. The number of births per
woman was similar in the two areas in 2005 (0.X5He north area and 0.14 for the south area)
but decreased more sharply in the north area (8 i 2003, compared to 0.11 for the south
area) where female employment increased most. Hie Talculated as the sum of age-specific



fertility rates for 5 year age cohorts for the pdr2007-2012, is lower for the north area (3.08)
than for the south area (3.61). It is difficultdompare the TFR calculations with the national
TFR of 5.0 in Senegal, as they are based on a smalber of observations and take only
surviving children into account. Regional differesdn TFR within the country likely exist but
are not documented in secondary data. It is likebt the TFR in the Saint-Louis region is
comparatively low, as it is a rather developed kesg8 remote region. Yet, the difference in the
calculated TFR between the two regions is an inidiceof true differences in fertility because
they are calculated in the same way. The numbeupfiving children of employed women is
substantially below that of unemployed women fag aghorts between 25 and 40 (Fig. 1b). Age
at first marriage and age at first childbirth igter for employed women than for unemployed
women in the age cohorts 25-29 and 30-34 (Fig.ntkcd). For the age cohorts 18-24 and 35-40,
there are no substantial differences in age atiaggarand age at first childbirth between
employed and unemployed women, likely because asiyall share of the youngest women are
married and have children and because the oldasewalready had children before they started
employment. By postponing marriage and first chitth employed women reduce the child-
bearing years and the window of biological oppatiufor subsequent children.

The results from the difference-in-differences (BBtimation and the Poisson regression
models can give use more insights into whethertandhat extent the observed differences in
fertility between employed and unemployed women banattributed to the effect of female
employment. The estimation results show that feneabployment significantly decreases the
number of children, with point estimates varyingween -0.22 to -0.33 (Table 1). The point
estimates and estimated standard errors from tiferefit models are quite similar, implying
robust results. The IV approach results in sinplaint estimates but large standard errors, which
is in line with consistent but less efficient esiies.

[Table 1]

As the research area has a high prevalence ardty (65% of women, Table S2) and
poverty (63% of households, Table S2), we analyae the effect of female employment on
fertility changes with women’s education and withukeholds’ poverty by including interaction
terms in the cross-sectional Poisson model (Tapldllkerate women have significantly more

children but the fertility-reducing effect of fereaémployment is stronger for illiterate women.



Employment reduces the number of children with 8.4t 23%) for illiterate women but has no
effect for literate women. Women in poorer housdhohave more children but the fertility
reducing effect of female employment is as strargWfomen in poor households as for women
in non-poor households.

[Table 2]

3.3. Other drivers of lower fertility
Apart from the employment status of women, othetdis influence fertility as well, as can be
revealed from the full regression results (Tablea88 S5). Older women, married women and
Muslim women are found to have more children. Htityjihas no significant effect on fertility.
Women who are the wife of the household head andemoin households with a female head or
an older head of household have more children. @shie of land and livestock, the main
productive assets in the area, does not influeaditly. As already indicated above, women’s

literacy promotes lower fertility while poverty ireases fertility.

4. Discussion and conclusions

We find that female employment reduces the numbehitddren per woman with 0.22 to 0.33.
This is lower than the effects found for the Neldueds (Kalwij, 2000), China (Fang et al., 2013)
and Kinshasa (Shapiro and Tambashe, 1997) but theless still quite large. Relative to the
sample average of 1.34 children per woman in tleecagegory 18 to 40, this is a reduction of
16% to 25%. The effect is estimated only 8 yeatsrafiral women in the Saint Louis region
faced a sudden opportunity for off-farm employmehRtr a substantial share of women
considered in the analysis, fertility decisions evdargely already taken when employment
opportunities arose. If female employment persistexpands in the region, fertility is likely to
reduce further if women are employed for a longeniqul and if younger women are employed
before fertility decisions are taken.

We find that poverty and illiteracy increase themtner of children per woman. This is in
line with previous findings in the literature (Slrapand Tambashe, 1997; Osili and Long, 2008),
and with the demographic-economic paradox of arerse correlation between fertility and
wealth (Galor and Weil, 2000). We find a negativiea of female employment on fertility,



when poverty and wealth are controlled for. Thiggasts that the fertility-reducing effect of
female employment is not merely driven by an incafiect. We find that the fertility-reducing
effect of female employment is as strong for poomen as for non-poor women and stronger
for illiterate women than for literate women. Thimints to the importance of a female
empowerment effect. The results imply that emplaynig a strong instrument to empower poor
and illiterate women.

Previous research has indicated that female em@olym the horticultural export sector in
Senegal increases the likelihood of primary-sclagmd children, boys as well as girls, to be in
school (Maertens and Verhofstadt, 2013). Combinétl aur results, this implies that female
employment leads to investment in the quality afddare rather than the quantity of children.
This may lead to reinforcing effects in the long.rif female employment lowers fertility and
increases girls’ education, and if women’s educai® associated with reduced fertility, the
effect may persist in the long run (even if expatsl associated employment opportunities
would stall) because daughters of employed womdinbeibetter educated and will have low-
fertility preferences.

We provide evidence for a fertility-reducing effexftfemale employment in rural Senegal.
Evidence for this link in rural areas of developicmuntries is non-existent but highly relevant
given the high TFR in developing countries, SSAparticular, and the beneficial development
effects associated with reduced fertility. Our fssimply that employment in rural areas can be
an important instrument for empowering women, réaycfertility and accelerating the
demographic transition in poor countries. Our asialgontributes to the discussion on whether
low-fertility preferences are the result of (cotige) cultural or (individual) economic driving
factors (Shenk et al., 2013). Our analysis is dainthe micro-economic level, with individual
women as unit of observation, and our results intplgt fertility decreases (quite rapidly)
through individual-specific economic changes. Ih& unconceivable that female employment
and its fertility-reducing effect at individual lel result in changes in reproductive norms in
society and a (slower) cultural evolution towarde/fertility preferences. We did not address
this issue as it requires a longer term perspeetivea different analytical approach.

Our results are specific for the case-study regioBenegal. The fertility-reducing effect of

female employment is likely impinged on by cultundyich calls for caution in generalizing our



results. Our research area has a high prevalenpelpgamy and extended families living in
compounds — which is to some extent characteristidVestern Africa but not for the rest of
SSA. On the one hand, such a situation might eas@alé employment because there is less
conflict between productive and reproductive task&omen in the extended household — in our
sample women from the same household are obseovadke turns in working in export
companies for a wage and staying home for reprodgutasks. The fertility-reducing effect of
female employment might be rather modest in thé® d@ecause labor substitution effects are less
important. On the other hand, the empowerment ah&min more traditional, extended and
polygamist households is low (Boserup, 1970). A lowial bargaining power in the household
might impede women to participate in off-farm enyplent but when they do, this employment
might have a large effect on their autonomy. Thélitg-reducing effect of female employment
might be rather strong in this case because alje kempowerment effect.

The booming horticultural export sector represdhes major source of off-farm wage
employment for women in our study region. Our resumply that horticultural exports
indirectly, through creating jobs accessible fomvem, contribute to a reduction in fertility rates.
There is a large literature on the link betweemdrand development in general (Dollar and
Kraay, 2004), and on the contribution of high-valaed exports in particular (Maertens et al.,
2012), and a rising consensus that trade is gooddeelopment. Our findings corroborate this
and add evidence for important indirect and non-eteny development effects of international
trade and globalization.

Our findings have important policy implications. Ma developing countries invest in
family planning programs to slowdown population wto. While female employment
contributes to reducing fertility by lowering fdity preferences, fertility may drop further if
women who prefer fewer children are better awaréwofily planning methods and have better
access to contraceptives. Family planning programght therefore be more efficient and
effective if targeted to areas with higher femalledr participation rates or to employed women
directly. Our results imply that employment in dusseas can have multiple and reinforcing
effects on development. This calls for a recogniid the importance of labor markets, also in

rural areas, in contemporary development thinkimdj golicy.



Tables

Table 1. Estimated effect of female employment oreftility from difference-in-differences and Poisson
regression modelsSource: own estimations from survey data.

DD regression (coefficients) Poisson regressiorrginal effects)
DD with DD with . i
DD covariates PSM Poisson Village FE 2SRI
Female -0.332 *  -0.291 ** -0.320 ***  -0.256 ** -0.215 * -0.289
employment (0.139) (0.122) (0.130) (0.109) (0.125) (0.557)

The reported results are summary results fromrégkession models that are presented in Tablen&34&. The
first column reports the simple DD regression. Hegond column reports the DD estimator when aduitio
observable characteristics are taken into accduré.third column reports the DD estimator after chatg treated
observations with untreated observations. The lfowdlumn reports the average marginal effect of alem
employment on fertility from a cross-sectional Rois regression, controlling for individual, houslkehand village

characteristics. The fifth column reports the agermarginal effect of female employment on festifiom a cross-
sectional Poisson regression, controlling for imdlial and household characteristics and villagedieffects. The
last column reports the average marginal effecteafale employment on fertility from a 2SRI modeloldrst

(column 1, 2, 4 and 5) and bootstrapped (colummdB & standard errors are reported in parenth&gsificant

effects are indicated with * p<0.1, ** p<0.05 or*p<0.01.



Table 2. Estimated effect of female employment oreftility and changes in the effect with
women’s literacy and household poverty from Poissoregression modelsSource: own estimations
from survey data.

Poisson (1) Poisson (2)
Female employment -0.428* Female employment -0.297
(0.139) (0.159)
Employment * literacy 0.462+* Employment * poverty 0.070
(0.230) (0.215)
Literacy -0.342*** Poverty (MPI>33) 0.174 *
(0.114) (0.087)
Other variables Included Other variables Included

These results focus on the joint effect of fematpleyment and literacy / poverty on fertility andka
summary results from full regression models. Th&t ftolumn reports the average marginal effect of
female employment and literacy on fertility fromceoss-sectional Poisson regression, including an
interaction term between employment and literacyd aontrolling for individual, household and
village characteristics. The second column repiwsaverage marginal effect of female employment
and poverty on fertility from a cross-sectional $3oin regression, including an interaction term
between employment and poverty, and controlling fodividual, household and village
characteristics. Robust standard errors are rapantgarentheses. Significant effects are indicated
with * p<0.1, ** p<0.05 or *** p<0.01.
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Figure 1. Female employment and fertility indicatos. Female employment and fertility indicators calcetht
from survey data collected in 2013. (a) Evolutiérhe share of women employed in horticultural expompanies
over the period 2000-2013 in communities north andth of Saint Louis town (n=1257). Figures incluale
women able to work (aged 18-65), and are basectcallrquestions about employment. (b) Average nurolbe
surviving children per woman for different age cahdy employment status in 2013 (n=997). (c) Agerage at
marriage for different age cohorts by employmeatust in 2013, conditional on being married or hgvireen
married (n=997). (d) Average age at first childbifor different age cohorts by employment status2013,
conditional on having children (n=997).



Supporting information

Table S 1. Means comparison of income indicators ftnouseholds with and without female employment
Source: own calculations from survey data.

Households Households

Total without female  with female
employment  employment
Household total income (FCFA) 2,682,325 2,551,522 3,046,989 *
(140,699) (168,253) (251,295)
Household agricultural income (FCFA) 1,039,152 1,179,789 647,072 **
(117,016) (146,591) (167,743)
Household self-employment income (FCFA) 644,591 635,869 668,909
(49,913) (58,634) (95,336)
Household non-labor income (FCFA) 350,183 367,061 303,129
(37,992) (46,895) (60,227)
Male wage income (FCFA) 460,332 367,580 718,912 ***
(57,651) (66,416) (113,182)
Female wage income (FCFA) 187,168 0 708,968 ***
(20,004) (0) (54,313)
Number of observations 500 368 132

Comparisons are made between households with femzgje employment and households without female wage
employment usingrtests. Standard errors are reported in parenth®ggsficant differences are indicated with *
p<0.1, ** p<0.05 or *** p<0.01.



Table S 2. Means comparison of individual, househtland village characteristics for employed and non-
employed womenSource: own calculations from survey data.

Characteristics Total Not wage employed Wage eyl
Mean St.Dev. Mean St Dev. Mean  St. Dev.

Individual characteristics

Age 26.79 6.51 26.39 6.51 28.57 6.21 ***
Literacy 44.83% 42.98% 52.97% ok
Single 40.22% 38.55% 47.57% b
Wife of HH head 21.46% 22.54% 16.76% b
Daughter or granddaughter 43.03% 40.15% 55.68% *rk
Household characteristics

Religion (1 = Christian) 3.01% 2.83% 3.78%

Ethnicity (1 = Wolof) 48.75% 48.65% 49.19%

Ethnicity (1 = Pular) 36.61% 37.68% 31.89% *
Gender HH head (1 = female) 11.63% 11.21% 13.51%

Age HH head 57.62 13.63 57.27 13.75 59.15 13.01 **
Literacy HH head 28.89% 26.48% 39.46% ok
Land owned (ha) 2.91 7.14 3.02 7.08 2.43 7.39
Livestock units 10.14 43.75 11.55 48.13 3.95 10.08 **
Poor Household (MP1>33) 46.74% 47.41% 43.78%

Village characteristics

Female organization in village  45.14% 41.26% 62.16% rkk
Distance to road (km) 234 314 2.55 3.23 1.43 2.58 ***
Multiple ethnicities in village 66.20% 65.64% 68.65%

Number of observations 997 812 185

Comparisons are made between wage employed wongemoawage employed women usiaggsts. Significant
differences are indicated with * p<0.1, ** p<0.06** p<0.01.

#One tropical livestock unit (TLU) equals 1 cow/rmr§.8 donkey, and 0.2 sheep/goat.

®The Multidimensional Poverty Index (MPI) is caldeld according to the guidelines by the United Nztio
Development Program (Alkire and Santos, 2010).



Table S 3. Full regression results of difference-idifference estimations.Source: own estimations from survey

data.
DD DD with covariates DD with PSM
Year 1.283 *** 0.581 *** 0.679 ***
(0.069) (0.057) (0.073)
Wage employment -0.011 -0.113 ** -0.034
(0.033) (0.052) (0.050)
Employed * Year -0.332+* -0.291 ** -0.320 **
(0.139) (0.122) (0.130)
Age 0.070 *** 0.057 ***
(0.006) (0.006)
Literacy -0.249 *** -0.230 ***
(0.053) (0.067)
Single -0.503 *** -0.682 ***
(0.063) (0.071)
Religion (1=christian) -0.291 ** -0.490 ***
(0.138) (0.161)
Ethnicity (1=Wolof) -0.100 -0.178 *
(0.080) (0.100)
Ethnicity (1=Pular) 0.029 -0.036
(0.085) (0.110)
Land owned (ha) -0.001 0.007
(0.003) (0.008)
Distance to concrete road (km) 0.013 0.017
(0.010) (0.015)
Constant 0.119** -0.697 *** -0.348 **
(0.016) (0.152) (0.169)
Number of observations 1994 1994 1990
R-squared 0.174 0.378 0.379

The first column reports the simple DD regressipe= S, + BT + Bt + BTt + & whereY is fertility, T is
female employment antis the year. The second column reports the DDessjon when additional observable
characteristics are taken into accoulit= B, + BiT; + B.t + B3T;t + B Xy + &, Where X is a vector of
individual and household characteristics observe@005 and 2013. The third column reports the D@regsion
after matching treated observations with untreateservations based on an estimated propensity scataising
Kernel matching, and controlling fox. The propensity score is estimated as the prdbalif employment
conditional onX. Standard errors are reported in parenthesesifiSan effects are indicated with * p<0.1, **
p<0.05 or *** p<0.01.



Table S 4. Balancing properties of variables in trated and control groups for kernel matching on prognsity
scores.Source: own estimations from survey data.

Mean Mean % Bias betwee' % t-test:
treated .. _treated and Reduction irMean(control)=M
; control units .
units controls bias ean(treatment)
Age Unmatche 20.5% 18.3¢ 34.: 4 1Exxx
Matche( 20.4¢ 20.3¢ 1.€ 95.c 0.1t
. Unmatche 0.6¢ 0.6¢ 2.C 0.24
Single - - .
Matchec 0.6¢ 0.67 2.t -25.7 0.2
Literacy Unmatche 0.5¢ 0.4 20.1 2.47*
Matchec 0.5¢ 0.52 2.€ 87.2 0.24
Ethnicity Unmatche 0.32 0.3¢ -12.2 -1.4¢
(1=Pular) Matchec 0.3z 0.3z -0.t 96.1 -0.0%t
Ethnicity Unmatche 0.4¢ 0.4¢ 1.1 0.1z
(1=Wolof) Matchec 0.5C 0.4¢ 1.¢€ -75.2 0.1¢
Religion Unmatche 0.04 0.0¢ 5.2 0.6¢
(1=christian) Matchec 0.04 0.04 -0.2 93.t  -0.0¢
Land owned (ha)Unmatche 1.8¢ 2.8 -15.¢ -1.78*
Matche( 1.8¢ 1.91 -0.t 96.6 -0.0¢
Distance tc Unmatche 1.45 2.5t -38.2 -4 3CH**
concrete road  Matche 1.4¢ 1.4¢ -1.€ 95.¢ -0.1¢

(km)

Balancing properties are tested so that pretredtrokaracteristics of treated and control units da differ
significantly after matching. Significant differeegare indicated with * p<0.1, ** p<0.05 or *** p<{l.




Table S 5. Full regression results of Poisson estations. Source: own estimations from survey data.

Poisson Village FE 2SRI
Wage employment -0.256* -0.215 * -0.289
(0.109) (0.125) (0.557)
Age 0.471 *** 0.469 *** 0.473 ***
(0.075) (0.078) (0.090)
Age? -0.007 *** -0.007 *** -0.007 ***
(0.001) (0.001) (0.001)
Literacy -0.248 ** -0.243 ** -0.248 **
(0.101) (0.107) (0.106)
Single -1.553 *** -1.526 *** -1.551 ***
(0.293) (0.281) (0.307)
Number of children in 2005 0.207** 0.179 *** 0.208 ***
(0.056) (0.066) (0.066)
Wife of HH head 0.981*** 1.023 *** 0.979 ***
(0.135) (0.139) (0.139)
(Grand)daughter of HH head -0.889* -0.877 *** -0.886 ***
(0.196) (0.194) (0.208)
Religion (1=christian) -0.635* -0.652 * -0.640 *
(0.293) (0.351) (0.325)
Ethnicity (1=Wolof) -0.087 -0.055 -0.092
(0.124) (0.240) (0.136)
Ethnicity (1=Pular) 0.013 -0.193 -0.017
(0.128) (0.245) (0.130)
Gender HH head (1=female) 0.35%* 0.369 ** 0.358 ***
(0.129) (0.154) (0.133)
Age HH head 0.012+** 0.011 ** 0.012 ***
(0.004) (0.005) (0.004)
Literacy HH head -0.126 -0.117 -0.124
(0.094) (0.096) (0.107)
Land owned (ha) -0.004 -0.008 -0.004
(0.005) (0.007) (0.007)
Livestock units 0.000 0.000 -0.000
(0.001) (0.001) (0.001)
Poor household (MPI>33) 0.18# 0.191 ** 0.185 **
(0.082) (0.089) (0.084)
Female organisation in village -0.011 -0.007
(0.099) (0.112)
Multiple ethnicities in village 0.058 0.056
(0.116) (0.121)
Distance to concrete road (km) 0.004 0.003
(0.016) (0.016)
Residuals 0.035
(0.567)
Number of observations 997 997 997
Log Likelihood -1150.86 -1130.41 -1150.86



Chi? 1197.69 1321.49 1059.68
Prob > Chi? 0 0 0

Pseudo R? 0.39 0.41 0.39

The first column reports the average marginal ¢&fed the fertility determinants from a cross-sewél Poisson
regression, controlling for individual, householtbavillage characteristics. The second column rspihie average
marginal effects of the fertility determinants frantross-sectional Poisson regression, contralinghdividual and

household characteristics and village fixed effed@tise last column reports the average marginalcteffef the

fertility determinants from a 2SRI model. In thesfistage, the distance to the nearest horticlilex@ort company
is used as an instrument for female employmentdstal errors are reported in parentheses. Signffieffiects are
indicated with * p<0.1, ** p<0.05 or *** p<0.01.



Table S 6. First stage regression results of 2SR$témation. Source: own estimations from survey data.

Coefficient Standard error

Age 0.052 (0.018) ok
Age? -0.001 (0.000) o
Literacy 0.003 (0.027)

Single 0.070 (0.033) ol
Number of children in 2005 0.016 (0.033)

Wife of HH head -0.050 (0.043)
(Grand)daughter of HH head 0.087 (0.031) *xk
Religion (1=Christian) -0.070 (0.077)
Ethnicity (1=Wolof) -0.082 (0.043) *
Ethnicity (1=Pular) -0.040 (0.046)

Gender HH head (1=female) 0.057 (0.038)

Age HH head -0.001 (0.001)
Literacy HH head 0.044 (0.030)

Land owned (ha) 0.001 (0.002)
Livestock units 0.000 (0.000)

Poor household (MPI>33) 0.022 (0.025)
Female organization in village 0.069 (0.030) *x
Multiple ethnicities in village -0.117 (0.032) *kx
Distance to concrete road (km) -0.010 (0.005) *x
Distance to company (km) -0.004 (0.001) *rx
Constant -0.520 (0.262) *x

The table reports the Ordinary Least Square caeffiestimates of the first stage of the Two-stagsidual
Inclusion. Probability of being employed is regexsen individual, household and village charactiegsand the
distance to the nearest horticultural export corgpamised as instrument. Standard errors are rgort
parentheses. Significant effects are indicated wjgki0.1, ** p<0.05 or *** p<0.01.
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