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job-search model highlighting the mechanism driving this causal effect guides our empirical
analysis. We find that an additional year of schooling completed lowers the probability that a
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1. INTRODUCTION

Informal employment is an important source of livelihoods for both women and men
in developing countries, but in sub-Saharan Africa, more than in any other region of the
world, women are overrepresented in this category of employment (McCaig and
Pavcnik, 2015; Ulrichs, 2016; Carré and Chen, 2021). For instance, in Liberia, the gap
between the rate of women’s participation in non-agricultural informal employment
(72%) and men’s participation (47.4%) is nearly 25 percentage points. The
corresponding gaps for Zimbabwe, Zambia, Mali, and Madagascar are respectively 23.2,
17.2, 15, and 14.2 percentage points, respectively (UN, 2015). More importantly, not
only are average earnings in informal employments lower than in formal employments
(Carré and Chen, 2021), but also, within informal employments themself, women
participants are concentrated predominantly in the more disadvantaged, vulnerable,
lowest paid, categories of employment, including domestic workers, piece-rate
home-based workers, and assistants in small family Enterprises (UN, 2015). As informal
employments are usually unregulated, any hope of improving the economic prospects of
sub-Saharan African women in relation to the timely completion of UN’s sustainable
development goals (SDGs) 1 and 5 may, therefore, lie with policy actions most likely to
pool them out of informal, and into formal, employments. However, the predominant
view in the literature on female labor force participation in sub-Saharan Africa is that
women’s time and mobility are constrained by social and cultural norms that assign the
primary responsibility for social reproduction to women (Chen, 2001). These family
responsibilities tend to discourage female participation in formal employments, which
are usually characterized by inflexible work hours. If indeed, marriage and childbearing
are the drivers of women’s overrepresentation in informal employments, then, to the
extent that women yearn for marriage and family, any public policy action aimed at
pulling them out of informal employments may drive a wedge between marriage and
female career aspirations, and thus may not win political support from these women
themselves.

From, an empirical point of view, casual evidence from Niger - the setting of our
empirical analysis - appears to support marriage and childbearing as important
determinants of female participation in informal employments. For instance, 96% of
Niger’s married women with children under the age of five are informally employed.
However, this figure hides a significant heterogeneity in the impact these factors have on
the likelihood that a woman is informally employed in Niger. First, among all married
women with children under the age of five, those with no education have the highest
participation rate in the informal employments at 99.76%. By contrast, for those with
secondary education or higher, the participation rate in informal employments falls to
50%. To the extent that schooling is a source of human capital needed to find a job in the
formal employment, this disparity in participation rates by levels of education among
married women with children under the age of five raises the question of whether lack of
human capital may be an important factor trapping women in the low-income informal
employments. This paper addresses this issue by analyzing the causal effect of human
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capital on the likelihood that a woman is informally employed.

We start with a simple theoretical model of job search based on McCall (1970) and
Kolm and Larsen (2016) to motivate our empirical analysis. The framework features
heterogeneous female job seekers who search for both formal and informal employments.
Time allocated to search for a formal employment trade off time allocated to search for
an informal employment. An important difference between formal and informal
employments is that, in the latter, unlike in the former, each worker can choose the time
she allocates between paid work and leisure, both of which trade off time allocated to
childcare if any. Each female job seeker determines her optimal allocation of search time
between the two types of employments to maximize her overall probability of
employment.

Comparative statics yields three related predictions with respect to the effect of a
female job seeker’s human capital level. First, having more human capital increase the
utility premium from working in formal employment. This result stems from the
operation of two mechanisms. The first works through the negative effect human capital
has on the payoff to informal employment. Indeed, we show that for an informally
employed female, having more human capital increases the opportunity cost of leisure.
As a result, hours worked in informal employment increase with a female’s human
capital (P1). This trade-off thus causes a female worker’s human capital to have a
negative effect on her payoff to informal employment. The second mechanism works
through the positive effect human capital has a female payoff to formal employment.
The key to this mechanism is the assumption that hours worked in formal employment
are invariant to a female’s human capital (P2). This assumption implies that human
capital does alter the trade-off between work and leisure for a formally employed
female, unlike for her informally employed counterpart. As a result, her payoff to formal
employment rises with her human capital, due to the positive effect human capital has on
earned income. Second, for otherwise identical female job seekers, those with more
human capital allocate lower levels of search effort to finding informal jobs. This
prediction is a direct implication of the contrasting effect human capital has on the
payoff to formal and to informal employments. Third, for otherwise identical female job
seekers, those with more human capital have lower probabilities of being informally
employed (P3), because search time influences the probability of finding a job in the
sector in which search is conducted.

The main goal our empirical analysis is to test for P3 above, along with the
underlying mechanisms as described by P1 and P2 also above. Our empirical analysis is
based on Niger’s National Survey on Household Living Conditions and Agriculture
(NSHLCA) 2011/2014. The main challenge confronting our analysis of the causal effect
a female’s human capital has on the probability that she is informally employed stems
from the fact that a female human capital is unmeasured in our database. As a result, we
follow the labor literature by using years of schooling completed as a proxy for human
capital. Indeed, the questionnaire in the Niger’s NSHLCA includes questions on workers
levels of education, including female workers.
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As part of our empirical strategy, we start by providing observational evidence on
Niger women’s overrepresentation in informal employments. More importantly, we also
provide observational evidence on the negative association between the rate of
participation in informal employments and females’ levels of education. We note a sharp
decline in participation rates for female workers with secondary or tertiary education.
These two pieces of evidence motivate our formal analysis of the effect of a female’s
human capital on the likelihood that she is informally employed.

Our estimation results are the outcome of an identification strategy that combines
Ordinary Least Square (OLS) and IV estimates. Our OLS estimates, which comprise our
baseline strategy, suffer from potential endogeneity issues arising from three possible
sources. In particular, a female’s level of education is potentially a endogenous regressor.
Indeed, since education is an imperfect proxy of human capital, it becomes a source of
measurement error. For, identification therefore, we use instrumental variables approach
to estimate the causal effect of education on a woman’s probability to be informally
employed.

We instrument a female worker’s level of education with tree different variables,
including her mother’s, and her father’s, level of education, and her status with respect
to in utero exposure to the rainy season. For the first two instruments, the relevance of
the first stage regression draws from an extensive literature linking a child’s schooling
achievement to his family background including paternal and maternal education (Hertz
et al., 2007; Heineck and Riphahn, 2009).

The motivation behind the third instrument, namely a female worker’s status with
respect to intrauterine exposure to the rainy season stems from available evidence
showing that weather conditions around a critical stage of fetal development is
associated with neonates’ long-run human capital outcomes (Buckles and Hungerman,
2013; Wilde et al., 2017]. In the context of a Sahelian African country like Niger, there
is evidence showing that the rainy season is often accompanied by severe floods, as the
level of the Niger River rises. Episodes of floods are reported to cause the destruction of
homes, loss of food crops, as well as major cholera outbreaks, and an increased
incidence of malaria in the entire flood affected areas. These health factors when
associated with pregnant women are known by the World Health Organization to have
adverse effects birth weight and child morbidity.

OLS estimates show that an additional year of schooling reduces the probability that
a female is informally employed by 3.04% — 4.01%. We also find that being married
(2.9%) increase this probability. IV estimates fare even better. The negative effect of a
female’s level of education ranges from a low of 3.99% when we use only the trimester
of in utero exposure to rainy season to instrument female’s education, to a high of 6.12%
when the instruments for female education are her mother’s and father’s education.
When we use all three instruments of a female’s education simultaneously, we find that
an additional year of schooling completed reduces the probability that a female is
informally employed by 6.01%, which quite higher than the OLS’ upper bound.

The literature on informal employment in developing countries is large. However
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most contributions focus on barriers to formalization (Bosch and Esteban-Pretel, 2012;
Bosch and Campos-Vazquez, 2014), or on public policies to reduce the size of the
informal sector (Meghir et al., 2015; Kolm and Larsen, 2016; Tondini, 2017). None of
these works focuses specifically on women participation in informal employments. Our
paper contributes to this literature by focusing specifically on human capital as a
determinant of women’s participation in informal employments in a developing country
context.

The remainder of this paper is structured as follows. Section 2 presents a
parsimonious job-search model to guide our empirical analysis. Section 3 describes the
empirical strategy. Section 4 presents the estimation results, and section 5 concludes the

paper.

2. THEORETICAL MODEL

In the section we develop a parsimonious model of female choice of the type of
employment (formal or informal). We use this model as a guide to our empirical analysis
of the causal effect of human capital on the probability that a woman is informally
employed.

2.1. Setup

The structure of our model is adapted from McCall (1970) and Kolm and Larsen
(2016). There is a measure N of female job seekers. Each female job-seeker is endowed
with a level of human capital H, has Ks children under the age of five, and a marital
status M. A female job-seeker with a marital status M = 0 is single while one with a
marital status M = 1 is married. Let R be a vector representing the female job-seeker
other characteristics. Hereafter, we index each woman with her level of human capital
and refer to her simply as female H. There are two periods in this economy. The first
period is entirely allocated to job search. If search is successful, then employment takes
place in the second and last period, otherwise the job-seeker remains unemployed
through this last period. In each of these two periods, each female has one unit of time.
In the first period time effort is allocated between searching for informal jobs (s = 0)
and searching for formal jobs (s=1). We denote as zs, the total time a female job-seeker
allocates to searching for a job of type s € {0,1}, with

Zy +Zl =1. (l)

Search vyields one of two possible outcomes: success or failure. We denote as
®5(z% H,Ks, M, R) the probability of success in finding a job of type s, implying that
the contrapositive probability of failure is 1 — ®%(z% H,Ks,M,R). We make the
following assumption to parameterize these success functions:



6 BAGO et al.

Assumption 1 Given (z5 H,Ks, R),
®%(z°,H,Ks,R) = W¥(Ks, M, R)H% 251 =% + p,

where a € (0,1) all s € {0,1}.

The term p, is a random factor capturing the fact that a female without human
capital (H = 0), or who didn’t search for a job (z* = 0) can still receive a job offer of
type s € {0,1}, as may be the case if she has a relative who owns a business.

2.2. Payoff Functions

At the beginning of the second period, each female H learns her employment status.
If she is unemployed, she has a realized present value of unemployment Uy = 0. If she
got a job offer by the end of the first period, then at the start of the second period, she
must allocate her time between leisure, childcare for under five children, if any, and
work. In the second period, the time use constraint for an employed female is given by

Ly +€+VvKs =1, )

where Lg denotes work time in the employment s, ¢, leisure time, v € (0,1), the per
child time requirement for child care, and Kz = 0, the number of children under five.
Denote as W*(£,H, L,) the present value of earnings from having an employment of
type s forafemale H who allocates ¢ units of her time endowment to leisure, and Lg
units a job of type s. Given (¢, H, L), the present value of earnings from having job of
type s € {0,1} in the second period is given by:

WS(€,H,Lg) = H*s(Lg) s + y#, 3
where A € (0,1) all s € {0,1}.
Under Assumption (1), and given expression (3) above, we can define the expected
present value of employment of type s € {0,1} as follows:
VS(zs, H,Ks,Ls, M,R): = [W5 (K5, M, R)H® (z5)1 ™% + ps][H* (L)Y + y4]
+[1— ®5(z,H,Ks, R)|Uy, 4

as the expected value from having job of type s € {0,1} in the second and last period.

Assumption 2 For all formally employed females, the number of hours worked is
exogenously given: L, = L € (0,1).

This assumption reflects the fact that in virtually all workplace environments,
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formally employed agents tend to work fixed hours, as determined by the contractual
agreement.

Consider an informally employed female H. This female’s problem is how much
time to allocate to work outside home, given her marital status M € {0,1}, and the
number of children under the age of five she may have K. Her problem thus is to solve:

max{H* (L) + ¢} s.t.(2).

The interior solution to this problem is

1

& =1 -vKs — H (“2)P = S(H,Ky), )

1

o= (50", ©)

which in turn implies that

VO(ZO' H' KS' Bl M, R) = [WO(KSJM! R)Hao(zo)l_ao + lus] [HAO(LB)l_AO + V((H' KS)]
+ [1 — ®°(z,y, H, K5, R)]Uy. @)

Define the total expected value of being employed in the second period as follows:

T(z,H,Ks,L:,M,R) =V°(z,H,Ks, Ly, M,R) + V(1 — z,H,Ks,L,M,R),

where z, =z and z; = 1 — z, owing to the time allocation constraint in (1).

Next, without loss of generality, let Uy = 0. Then, using (4) and (7), we have that

14
1 - lo /10
) +y(1 —vKy)

Tz, H, K, M, R) = [0k, M, RYH () + 1] | 208 (

+ [W1(Ks, M, R)H* (1 — 2)*~ + p ] [H (D) + y(1 — vKs — D).
Each female H chooses the allocation of search time across the two types of
employments (z,1 — z) so as to maximize her total expected value from working in the
second period T(z, H, Ks, M, R).
2.3. Optimal Allocation of Search Efforts

At the start of the first period, a job-seeking female H chooses z to solve:
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max T(z, H,Ks, M, R).
zZ

The first order necessary and sufficient condition for this maximum is characterized
by:

_(a-2™
===

F(zs, M): H*~%T'(Ks,M,R)¢(H,Ks) =0, (8)

where
D MHAM 4y (1-vKs-L
£(H,Ks): = L +y (Vs D] ©)

[AH+y(1-vKs)]

Y1(Kg,M,R) 1-y

[(Ks, M, R): = il it (10)
1-1
I=12 (H")TO. (12)
o\ y

The term &é(H,Ks) can be interpreted as the utility premium of being a formally
employed. It measures the extent to which the utility of being formally employed
exceeds that of being informally employed. Of course such a premium exists only for a
female worker with a level of human capital H that satisfies: é(H,Ks) > 1. For a
female with a level of human capital H that satisfies é(H,K:) <1, there is no
premium for being formally employed.

Observe that partial differentiation of (8) yields the following effect with respect to zg
and H.

(1-2z5)%1 @ zg+ay(1-2z)

b= g S0 (12)
_ §(HKs) H
FH - H1l-a1t+ag al - aO + fH E(H,Ks):l, (13)
where
A — [1-2, 1;&
y|ma-vk)()  —2e(-vks-D)(5r) P
- 14
S [AH+y(1-vKs)]” (14)
as we let

without loss of generality. The term &, denotes the marginal effect of increasing a
female worker’s level of human capital on her utility premium from being formally
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employed. We have just established the following result:

Proposition 2.1 Let condition (15) holds. If for all H,

A B vke-L
M= Y 2o —VKg— l
Ao (H) (1—10) > 1-vKg ' (16)

then, the utility premium from being formally employed rises with the worker’s human
capital H:i.e., & > 0.

Condition (16) states that the relative pecuniary gain from being formally employed
exceeds the relative loss in leisure time due to the time demands of formal employment.
When this condition holds, the utility premium from being formally employed will be
higher, the higher the worker’s level of human capital H.

With Proposition (2.1) in hand, we can now return to expression (13) whose sign is
ambiguous. Observe then that since &, > 0, by Proposition (2.1), for all H, and given

Ks, we can define ez/y:= EH# as the elasticity of a female job-seeker’s utility
A5

premium from being formally employed, with respect to her level of human capital H.
Expression (13) thus can be rewritten as follows:

§(HKs)
Fy = |an = oo + €g/u] fimariag: 17)

whose sign is strictly positive if and only if
Ef/H > 0(0 - 0(1. (18)

Condition (18) states that the elasticity of the utility premium from formal
employment, with respect to human capital H, is sufficiently high. In other words, a
female job-seeker’s human capital must have a sufficiently strong positive effect on the
utility premium from formal employment. Hence, the following Lemma:

Lemma 2.2 Let conditions (15) and (16) hold simultaneously. Then, Fy > 0 if and
only if condition (18) also holds.

On the basis of Lemma (2.2), we have just established the existence of an interior
solution to Equation (8) above. Indeed, the optimal allocation of job search effort for a
female job seeker with socioeconomic characteristics (H,Ks, M, R) is thus given as
follows:

zy = Zy(H,Ks5, M, R), (19
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z; =1—z)=Z'(H,Ks, M, R). (20)

We are particularly interested in the term dz;/0H representing the marginal effect
a female job-seeker’s human capital has on the effort she directs towards finding an
informal job. This marginal effect can be derived implicitly as follows, using Equation
(8) above, along with expressions (12) and (17):

0z; _ |ai—aoternlz(1-2)E(HKs) 7%

oH [a1z+a,(1-2z)|[H1-@1+a0  (1-z)a1’

Hence the following result which obtains as an implication of Lemma (2.2).

Proposition 2.3 Let conditions (15) and (16) hold simultaneously. Then, having
more human capital reduces the search effort a female job-seeker directs towards
finding an informal job (i.e., dz;/0H < 0), if and only if (18) also holds.

Proposition (2.3) gives necessary and sufficient conditions for a female job-seeker’s
level of human capital to have a negative effect on the search effort she directs towards
finding informal employment. Recall from expression (4), that the search time z, is a
determinant of the probability that a female job seeker finds an informal job. Since z,
is endogenous, any exogenous factor that influences its level will have an effect on that
probability. In what follows, we analyze the implications of Proposition (2.3) for the
probability that a female job-seeker finds an informal job.

2.4. Optimal Probability of being Employed in the Informal Sector

In this sub-section, we characterize the determinants of the optimal probability that a
female with individual characteristics (H,Ks, M, R) is informally employed, in which
case she optimally allocates a number of hours worked Lj, as characterized in (6) above.
Using Assumption 1 in combination with (19), we obtain the optimal level of this
probability as follows:

= WO(Ks, M, R)H™[ZO(H, K5, M, R)]'™% + p,. (21)

Expression (21) clearly shows that a female job-seeker’s human capital H has two
opposite effects on the probability that she is informally employed &g. One is a direct
positive effect working through the effect human capital has on ability and productivity;
and the other is an indirect negative effect working through the negative effect human
capital has on a female job-seeker’s incentive to direct search effort towards finding an
informal job. We characterize the net effect of human capital on this probability as
follows, making use of Proposition (2.3) above:
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e w 1—ag
500 = o — (1 — a)egym] (2) " WOKs, M, R),
where €,y = _a_zgi* denotes the elasticity of the search effort directed at finding an
o/ 0H z;

informal job with respect to a female job-seeker’s human capital H. Hence the
following result:

Proposition 2.4 Let conditions (15), (16), and (18) hold simultaneously. Then,
having more human capital has a negative effect on the probability that a female
job-seeker finds an informal job (i.e., d®5/0H < 0), if and only if

%o

EZS/H > ey (22)

Condition (22) states that the elasticity of the search effort directed at finding an
informal job with respect to a female job-seeker’s human capital is sufficiently high. On
the basis of Proposition (2.4), it follows that there are three necessary and sufficient
conditions for human capital to have a negative effect on the probability that a female
job-seeker finds an informal job. First, since formal employment tends to be rigid in
terms of hours worked, such jobs will be attractive to female job-seekers only to the
extent that the relative pecuniary gain from formally employed exceeds the relative loss
in leisure time due to an inflexible work schedule for formal employment (i.e., condition
(16) must hold). Second, a female job-seeker’s utility premium from being formally
employed must be sufficiently responsive to her human capital, in terms of raising the
level of this utility premium (i.e., condition (18) must hold). Finally, a female
job-seeker’s incentive to direct search effort towards finding an informal job must be
sufficiently responsive to her human capital, in terms of significantly reducing this
incentive (i.e., condition (22) must hold).

Our empirical analysis to follow aims to provide evidence on the existence of a
causal relationship between a female job-seeker’s human capital and the likelihood that
she is informally employed. It the builds on the premise that human capital H is a
complex phenomenon that is very difficult to measure. This leads us to proxy a female
job-seeker’s human capital H by her level of education.

3. DATA AND BACKGROUND

This paper uses data from Niger’s National Survey on Household Living Conditions and
Agriculture 2011/2014 to identify the causal effect of human capital on the likelihood that a
woman is informally employed. This database contains information about individuals, their
demographic and socioeconomic characteristics (education, employment, age, ethnic group,
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affiliation..) and their household characteristics (household size, number of children), their
parents characteristics, their geographic location (area of residence, region of residence...).
For employment, the database contains a specific question on whether the worker has a
formal job contract and/or social protection (housing allowance, pension benefit, travel
allowance, schooling allowance for children). Informal work by definition is work with no
access to social protection.

As defined by UN (2015), informal work is associated with the lack of social protection,
labour legislation and protective measures in the workplace. With respect to this definition,
we define a formal worker as one whose employment provides her with one or several of
these aforementioned advantages; otherwise her job is considered informal. We use this
information to define a dummy variable equals to 1 if a woman is informally employed, and
0 otherwise. Focusing on working women over the age of fifteen, we exclude from our
sample non working females, such as students or girls under the age of fifteen. We also
exclude from our sample, women over 65 years to focus our attention to only females
considered to still be in the active stage of their lives. This restricts our sample size to 5580
female respondents.

Table 1. Summary Statistics

Men Women

Mean Sd Mean Sd
Informal Employment 0.813 0.390 0.933 0.250
Education
Average years of schooling 3.415 4.641 1.765 3.469
Age 34,57 14.43 33.96 1331
Number of kids under 5 1.073 1.090 1.153 1.174
Married 0.602 0.490 0.714 0.452
Father’s Education
No education 0.909 0.287 0.916 0.278
Primary 0.039 0.194 0.0387 0.193
Secondary 0.037 0.189 0.0334 0.180
Higher 0.014 0.119 0.0121 0.109
Mother’s Education
No education 0.954 0.210 0.954 0.210
Primary 0.029 0.168 0.0298 0.170
Secondary 0.016 0.128 0.0153 0.123
Higher 0.001 0.026 0.0011 0.033
Ethno-linguistic group
No nigerien 0.020 0.141 0.0142 0.118
Haoussa 0.394 0.489 0.407 0.491
Djerma/Songhai 0.269 0.444 0.270 0.444
Touareg 0.150 0.357 0.147 0.354
Others 0.167 0.373 0.162 0.368
Place of residence
Urban 0.425 0.494 0.393 0.489
Rural 0.575 0.494 0.607 0.489
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The choice of Niger as the setting of our empirical analysis is appropriate because this
country is one of the poorest developing country in the world. The country has been
consistently one of the lowest-ranked in the United Nations’ Human Development Index
(HDI). For instance, it was ranked 187" out of 188 countries in 2016. According to the CIA
World Factbook, in 2015 Niger has an unemployment rate of 5.1% and ranks 45" in the
world, which is surprisingly lower than that of many rich countries. Moreover, agriculture is
a source of livelihood for 87% of the labour force, but only contributes to 36.5% of Niger’s
GDP. This sector creates employment in a context where the formal economy cannot provide
jobs for the majority of people especially women.

Table 1 presents summary statistics. A note worthy feature of employment among female
respondents to the survey is that more than 93% percent of them are informally employed.
This rate of informal employment is nearly twenty percentage points higher than the
corresponding average for female workers in sub-Saharan Africa which stands at 74.2%
(ILO, 2016). Furthermore, 71.4% of female workers in our sample are married. They have
each between 0 and 7 children under the age of five, for an average of 1.153 children under
the age of five per female worker. Both figures (on marital status and number of children
under the age of five) tend to support evidence showing that marriage and child bearing push
female workers into the informal sector (Aglero et al., 2012; Chen, 2005) due to the
influence patriarchal gender norms have on the within-household division of labor. However,
female workers in our sample also have, on average, less than two years of schooling,
implying that female workers in our sample may suffer from a deficiency in human capital.
Therefore, to the extent that formal employment requires human capital, we cannot exclude
the possibility that lack of human capital raises the probability of being informally employed.

Human capital is a complex phenomenon encompassing skills, experience, and other
competencies embodied in an individual, and as such, is very difficult to measure. In this
paper, we proxy a woman’s human capital by her level of education, on the account that
schooling is an important mechanism for accumulating human capital.

4. ECONOMETRIC MODEL

We use two identification methods to estimate the effect of a woman’s education on
the likelihood that she is informally employed. First, we rely on a baseline strategy that
uses least squares regressions. Then, we apply the instrumental variables approach as a
second identification strategy. We complement the analysis with a series of sensitivity
analyses and robustness checks to account for heterogeneity in ecological factors that
may affect the likelihood that a woman participates in the informal work.

4.1. One Equation Model

We begin by estimating the following one-equation model using a standard Ordinary
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Least Square (OLS) apporach:

Yir = BO + ¢r + ﬁlHir + ﬁZXir + Hirs

where Y;, is dummy variable equals to 1 if a woman i, living in region r is informally
employed and 0 otherwise; H; is human capital and X;., a vector of controls,
including woman i’s marital status, the number of children under five that she may
have, her age group, her household size, her ethnic group of affiliation, area and region
of residence. However, human capital is not measured in our data set. Our solution to
this problem is to proxy human capital with the level of education. This assumption is
justified based on empirical evidence showing that an individual’s level of education is
positively correlated with his level of human capital (Schultz,1961 ; Becker,1994).
Becker(1994) argues that education and training are the most important investments in
human capital.
The adjusted model thus is the following:

Yio = ag + ¥, + a1 S + a, Xy + &5, (23)

where ;. is a woman’s level of education measured in years of schooling completed.
To deal with the potential clustering of observations when estimating the model at the
neighbourhood level, we estimate heteroskedasticity robust standard errors.

4.2. Instrumental Variables Approach

The main challenges in using OLS to estimate the effect of human capital on the
employment status is the presence of potential endogeneity issues. In our setting, a
woman’s level of education S; is a potentially endogenous regressor. First, since
education is an imperfect measure of human capital, its use as a proxy for unobservable
human capital thus is prone to measurement error, which may lead to an attenuation
bias. In fact, during surveys, females are likely to misreport (voluntarily or not) their
level of education. Second, as mentioned above, a female number of years of schooling
completed is an imperfect measure of his human capital level, because it ignores other
aspects of human capital such as skills, experience, health, for example. This
measurement error can lead to an attenuation bias as well. Finally, as the labor
economics literature shows, education and employment decision are potentially jointly
determined in the data, thus leading to a simultaneity bias. To address these potential
endogeneity issues, we use the 1V approach.

This method involves estimating a two-stage model in which the second stage
consists of estimating equation (23), while the first stage consists of estimating the
following equation:

Sir = Qo + Y + 12y + Xy + €4y, (24)
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where Z;,. is a vector of instruments and X;, is the vector of controls identical to those
of Equation (23).

We instrument a female worker’s level of education with tree different variables.
The first two instruments are her mother’s and her father’s level of education. The third
instrument is her status with respect to in utero exposure to the rainy season.

Maternal and Paternal levels of education as instrument for a female worker’s
educational attainment

It is widely acknowledged that family background, parents’ education in particular,
affects the academic achievements of their children. Several studies reveal that when
parents are more educated, their children tend to receive more schooling as well (Plug,
2004; Hertz et al., 2007; Heineck and Riphahn, 2009). Haveman and Wolfe (1995), in
particular, argue that the education of parents is probably the most fundamental factor in
explaining the child’s success in school. Differents paths of influence have been
analyzed in the literature. One path is the intergenerationnal transmission of cognitive
abilities, for example through an intra-uterine process (Blanden et al., 2007; Black et al.,
2009) which plays a substantial role for a child’s schooling achievement (Heckman and
Vytlacil, 2001). Anger and Heineck (2010) suggest that an individual’s cognitive skills
are positively related to his parents’ abilities and educationnal attainment. Another path
is parental investment in child education. This literature shows that parents with higher
levels of education are more likely to be involved in their children’s schools, and thus
affect positively their children academic achievements (Cunha and Heckman, 2007;
Stewart, 2008) This is especially true in developing countries were educated parents are
more likely to send their girls to school and to invest in their daughters education
compared to uneducated parent’s. However, parents’s education could also affect their
children employment status through their own employment status. To account for this
fact, we control for parents works and found no relationship between parents works and
the women informality.

In our database, the mother’s and the father’s education variables are categorical
variables taking the value 0 if the mother (the father) has no education, 1 if she (he) has
attained primary level, 2 if she (he) has achieved secondary level and 3 if she (he) has
attained higher education.The descriptive statistics from our data shows a positive
relationship between a woman’s average years of schooling completed, and her mother’s
education. In other words, women whose mothers are not educated have in average the
lowest number of years of schooling completed (1.2 years of schooling in average).
Those whose mothers have completed primary school displays an average of 4.1 years
of schooling completed. This increases to 8.3 and 5 years respectively, for those whose
mother have a secondary and higher education, respectively. Likewise, the descriptive
statistics also shows a strong positive relationship between a woman’s years of
schooling and her father’s level of education. In fact, females whose fathers are not
educated have barely 0.97 years of schooling while those with a higher educated father
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averaged 11 years of schooling.
In Utero Exposure to the Rainy Season as instrument of education

The literature on the impact of the in utero exposure to seasons on long-run life
outcomes suggests that seasonal shocks during conception and early pregnancy affect
long-run human capital outcomes (Buckles and Hungerman, 2013; Wilde et al., 2017).

In fact the in utero exposure to seasonal shocks is credited with several risk factors
for newborn that may have irreversible long run effects on their human capital, when
adult. The first one is the climate shocks. The literature on the effect of climate shocks
during conception and early pregnancy on later life outcomes show that rainy season
phenomena, like rainfall, low temperature, and windstorms can have adverse long run
effect on human capital (Maccini and Yang, 2006; Wilde et al., 2017).

The second risk factor -and potentially the most important in our analysis- is the
mother’s undernourishment (de Rooij et al., 2010; Scholte et al., 2015) during the rainy
season. In developing countries where a large proportion of the population draws its
livelihood from agriculture, the rainy season coincide often with the onset of hunger and
famine episodes, due to lack of food or purchasing power (Vaitla et al., 2009). This
situa- tion may expose pregnant women to malnutrition, particularly among the poor,
with the likelihood of adverse effects on newborns’ BMI and stunting status—two factors
known to determine an individual’s cognitive ability (Wilde et al., 2017). In developing
countries, there is evidence that a drop in food consumption during the rainy season is an
important predictor of undernourishment (Dostie et al., 2002). Further, this effect is
magnified by the increase in food prices during the rainy season, as a result of supply
shortage (Vaitla et al., 2009). Using data from Madagascar, Dostie et al. (2002) show
that food shortages during the rainy season increase the rates of malnutrition and child
mortality leading to a greater prevalence of diarrhea and other infant diseases. This
literature suggests that pregnant woman’s under-nutrition if occurring during a critical
phase of foetal development, can imprint adult life in the form of poor human capital
prospects.

The third risk factor is the risks of mother’s morbidity that will affect the foetal
cogni- tive development. In fact the rainy season in developing countries is prone to
infectious disease prevalence or virulence (such as malaria, ebola or influenza) and
health damaging physicals works for women in agricultural works. In fact studies on the
effect of in utero exposure to illness on human capital exist. For instance, analyzing the
impact of in utero exposure to the 1918 influenza pandemic on human capital in
adulthood among those born in the U.S, Almond (2006) finds that individuals exposed in
utero completed fewer years of education, have lower income, poorer socioeconomic
status and are more likely to have physical disabilities.

Our dataset contains the birthday of each individual. In Niger the rainy season lasts
from June to September. To identify the trimester when the rainy season overlaps the
conception, we first estimate the months of conception using the month of birth. We
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follow the literature (Buckles and Hungerman, 2013; Almond et al., 2015) in assuming
that every individual had a normal gestation length of approximately 9 months. We then
calculate the month of conception as the month of birth imputed by 9. Using this
variable, we generate a categorical variable that takes the value of 1 if the rainy season
overlaps with the first trimester of pregnancy; the value of 2 if the overlap occurs
during the second trimester; the value of 3 if the overlap occurs during the third
trimester of pregnancy.

The descriptive statistics from our data also suggest that early in utero exposure to
the rainy season during pregnancy affects the level of education. Indeed, we observe that
individuals exposed to the rainy season during the first trimester of pregnancy, on
average, have 3.4 years of education, compared to 5 and 4.2 years of education for those
exposed during the second and third trimester, respectively.

5. RESULTS

5.1. OLS Estimates

We report the OLS estimates of Equation () in table (2). Column (OLS1) controls
only for the female education. These results suggest that each additional year of
schooling for a female reduces the probability that she is informally employed by 4.01
percentage points. In column (OLS2), we include the others characteristics such as the
marital status, the age group, the number of children under 5 and the household size.
ethnic group. We find that the effect of education reduces to 3.91 percentage points,
which is smaller than the effect reported in column (OLS1). Nevertheless, this effect
remains statistically significant as in column (OLS1). Moreover, being married increases
the probability of being an informal worker by 4.38 percentage points. Childcare (each
supplementary child under five) increases this probability by 1.07 percentage points.
The results also suggest that age reduce the probability to be in an informal job. In
column (OLS3) we include the ethnic group dummies and we find, in contrast that
ethnicity does not affect the probability of being informally employed. Finally, the
results reported in column (OLS4) show that when we control for geographic location
(area of residence and the region of residence) each additional year of education reduces
the probability that the female is informally employed by 3.04 percentage points.
However, as suggested in the last section, these results might be biased because of
education and hours worked are endogenous. To correct for this endogeneity, we
instrument both variables.
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Table 2. OLS Estimates
Dependent Variable is Informal employment (0/1)
Variables (OLS1) oLSs2 OLS3 OLs4
Years of schooling -0.0401*** -0.0391*** -0.0392*** -0.0304***
(0.0101) (0.0100) (0.00980) (0.0109)
Married 0.0438*** 0.0459%*** 0.0290**
(0.0142) (0.0145) (0.0120)
Children under five 0.0107** 0.0111** 0.00561
(0.00423) (0.00435) (0.00378)
Age group
25-34 years -0.0445*** -0.0434*** -0.0239**
(0.0145) (0.0144) (0.0108)
35-44 years -0.0372*** -0.0365*** -0.00725
(0.0139) (0.0139) (0.0130)
Over 45 years old -0.0359*** -0.0341*** -0.0109
(0.0119) (0.0119) (0.0130)
Household size 0.000743 0.000915 0.00113
(0.00117) (0.00122) (0.00131)
Ethno-linguistic group
Haoussa -0.0740 -0.194**
(0.0760) (0.0949)
Djerma/Songhai -0.0804 -0.188*
(0.0803) (0.0982)
Touareg -0.0450 -0.168*
(0.0714) (0.0917)
Others -0.0792 -0.206**
(0.0761) (0.101)
Rural resident 0.0618
(0.0398)
Region of residence Yes
Constant 0.988*** 0.967*** 1.033*** 1.091%**
(0.0148) (0.0234) (0.0668) (0.0694)
Observations 2,681 2,681 2,681 2,681
R-squared 0.369 0.380 0.383 0.427

Notes: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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5.2. 1V Estimates

Table 4 reports the 1V estimates. The endogeneity test shows that the OLS estimates
previously discussed are subject to endogeneity bias. The robust identification stactistic
in the table is the kleibergen-paap rk wald F statistic which is 15.115 in the model (1VV1),
8.407 in the model(IVV2) and 10.76 in the model (IV3). These numbers are above the
Stock and Yogo critical value suggesting that intruments are not weak. The
underidentification test of Kleibergen-Paap rk LM statistic statistics also indicates no
concerns about underidentification. Finally, the first regression estimation results (Table
3) shows a strong relationship between our instruments and the endogenous variable.
These results support the use of IV approach to identify the effect of a female’s
education on her probability to be informally employed.

Table 3. IV First-Stage Estimation Results
First-Stage regression: Dependent variable is Education: in single years of schooling

Model (1V1) Model (IV2) Model (1V3)
Mother’s Education ~ Rainy season exposure ~ Mother’s Education
Instruments Father’s Education Father’s Education
Rainy season exposure
Father’s Education
Primary 1.786*** - 1.977**
(0..48723) (08307)
Secondary 2.781%** - 1.454*
(0.61024) (0.7864)
Higher 6.157*** - 5.864***
(1.2340) (1.2576)
Mother’s Education
Primary 0.4857 - .65641
(.50152) (0.74557)
Secondary 2.2211* - 02.1234
(1.24450) (1.2941)
Higher -3.9089*** - -4,9374***
(1.2737) (1.5043)
Rainy season exposure
Trimester 2 - 2.0926*** 2.198***
(0.7060) (0.6893)
Trimester 3 - 2.2188*** 2.057%**
(.7070) (0.7777)
All baseline controls Yes Yes Yes
Observations 2,362 497 469
F-test of excluded instruments
F statistic 15.12 8.25 10.29
Prob>F 0.000 0.000 0.000

Notes: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 4. 1V Estimates: Second-Stage Regression Results
First-Stage regression: Dependent variable is Informal employment (0/1)
Model (IV1) Model (1V2) Model (1V3)
Mother’s Education ~ Rainy season exposure Mother’s Education

Instruments

Father’s Education

Father’s Education
Rainy season exposure

Years of schooling -0.0612*** -0.0399* -0.0601***
(0.00951) (0.0234) (0.0131)
Household size -0.00168 0.00222 -0.000553
(0.00133) (0.00682) (0.00554)
Married 0.0189 0.0347 0.00437
(0.0143) (0.0453) (0.0451)
Children under five 0.00679* 0.0168 0.0142
(0.00378) (0.0201) (0.0203)
Age group (Base=15-24)
25-34 -0.0238** 0.0364 -0.00900
(0.0120) (0.0590) (0.0571)
35-44 -0.0236 0.0345 -0.0408
(0.0146) (0.0755) (0.0638)
45 and + -0.0337** 0.0301 -0.0446
(0.0148) (0.0730) (0.0666)
Ethno-linguistic group
Haoussa -0.0407 -0.141 -0.102
(0.0726) (0.0871) (0.0860)
Djerma/Songhai -0.0348 -0.116 -0.0803
(0.0749) (0.0989) (0.0920)
Touareg -0.0310 -0.00966 0.0155
(0.0720) (0.0947) (0.0965)
Others -0.0320 -0.131 -0.0647
(0.0752) (0.115) (0.103)
Father’s Employment
Skilled worker -0.0114 -0.0198 0.00601
(0.0206) (0.0870) (0.0755)
Unskilled worker 0.000512 -0.0911 -0.0203
(0.0372) (0.137) (0.0965)
Mother’s Employment
Qualified -0.00660 0.0246 0.00866
(0.00820) (0.0440) (0.0406)
Non-qualified 0.0125 0.00873 0.00707
(0.0251) (0.0513) (0.0486)
Rural resident -0.0324 0.0222 -0.0110
(0.0283) (0.0577) (0.0532)
Region dummy Yes Yes Yes
Constant 1.112*** 0.993*** 1.108***
(0.0804) (0.145) (0.134)
Observations 2,362 497 469
R-squared 0.448 0.423 0.451
Underidentification statistics 53.870 15.360 38.736
x? p-value 0.000 0.000 0.000
Endogeneity test 2.067 0.459 0.659
p-value of endogeneity test 0.1505 0.4981 0.4169
Weak identification statistic 15.115 8.407 10.76
Stock-Yogo weak ID test
critical value (20%) 11.72 8.75 12.48
critical value (25%) 9.38 7.25 9.93

Notes: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Father’s and Mother’s
Employment based = self-employment
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The results of the second stage regressions in Table 4 presents the IV estimates with
tree models. In the first one, Model (IVV1), the instruments for female education is her
mother’s and father’s education. We find that each additional year of schooling
decreases the probability that a female is informally employed by 6.12 percentage
points, which is quite higher than the OLS estimates. In Model (IV2), we use the
trimester of in utero exposure to rainy season to instrument female’s education. The
results show that the effect of education on the likelihood of being an informal worker is
3.99 percentage points, which is slightly weaker than the OLS estimates. In Model (1V3),
we use all our instruments simultaneously. We find that one year of education reduces
the probability of being an informal worker by 6.01 percentage points, which is
definitively higher the OLS estimates. These results suggest that IV estimates fare even
better than OLS since IV estimates are all higher that the OLS estimates.

5.3. Sensitivity Analysis
In this section, we conduct sensitivity analyses and robustness checks for the effect

of education level on a female’s informal work likelihood .

Table 5. Sensitivity to Area of Residence
Intra-sample Robustness check: Dependent variable is Informal work(0/1)

Model (IV1) Model (IV2) Model (1V3)
Mother’s Education ~ Rainy season exposure ~ Mother’s Education
Instruments Father’s Education Father’s Education
Rainy season exposure
URBAN
Years of schooling -0.0571*** -0.0440* -0.0548***
(0.0125) (0.0238) (0.0140)
All baseline controls Yes Yes Yes
Observations 510 373 347
R-squared 0.429 0.411 0.439
RURAL
Years of schooling -0.0822*** 0.0935 -0.0667**
(0.0160) (0.0717) (0.0304)
All baseline controls Yes Yes Yes
Observations 1,852 124 122
R-squared -1.970 -0.959 0.222

Notes: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

First, we test for the robustness of our estimates for rural resident and urban
residence. To control for regional effect, we estimate the effect of education on the
likelihood of being informally employed using the sub-sample of rural resident and the
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sub-sample of urban resident separately. The IV estimates are reported in Table (5). As
shown, the negative effect of education on the probability of working in the informal
sector remains significant. This result confirms that the estimated effect of human capital
on the probability of women informal work hold for both urban and rural resident
females.

Subsequently, we estimate this effect for different age groups. We first separate our
sample in two age groups using the median age equals to 33 years. We estimate the
effect of education for the sub-sample of females under 33 and the sub-sample of
females equal or over 33. The Table (6) presents the IV estimates. It shows that the
effect is consistent with the age groups.

Table 6. Sensitivity to Age Groups
Intra-sample Robustness check: Dependent variable is Informal work (0/1)

Model (IV1) Model (IV2) Model (1V3)
Mother’s Education ~ Rainy season exposure ~ Mother’s Education
Instruments Father’s Education Father’s Education
Rainy season exposure
Age<Median=33
Years of schooling -0.0773*** 0.0436 -0.0741***
(0.0164) (0.103) (0.0246)
All baseline controls Yes Yes Yes
Observations 989 179 167
R-squared 0.303 -0.196 0.513
Age>=Median=33
Years of schooling -0.0496*** -0.0627*** -0.0546***
(0.0109) (0.0230) (0.0115)
All baseline controls Yes Yes Yes
Observations 1,852 124 122
R-squared -1.970 -0.959 0.222

Notes: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

5.4. Empirical Evidence in Support of the Mechanisms P1 and P2

This section provides empirical evidence in support of the mechanism underlying the
effect of human capital on the probability of being informally employed through the
relationship between hours worked and human capital. Just to recall, two testable
mechanisms have been highlighted in our model to explain why, for otherwise identical
female job seekers, those with more human capital have lower probabilities of being
informally employed. The first one is the prediction that hours worked in the informal
employment increase with a female’s human capital (P1). The second one is the
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assumption that hours worked in formal employment are invariant to a female worker’s
human capital (P2).

Table 7. Testing mechanisms (P1) and (P2)

The dependant variable is hours worked

Informal (P1) Formal (P2)
Variables 1) 2 3) 4
Education level (Base= No education)
Primary 0.751*** 0.695*** 0.661 0.519
(0.191) (0.191) (0.793) (0.814)
Secondary and Higher 1.081*** 1.062*** -0.0930 -0.183
(0.320) (0.318) (0.675) (0.636)
Children under five -0.112%** 0.108
(0.0414) (0.165)
Married -0.644*** -0.240
(0.144) (0.309)
Age 0.0681*** 0.0315
(0.0257) (0.0919)
Age square -0.000815** -0.000414
(0.000340) (0.00118)
Constant 5.048*** 4.444%** 7.714%** 7.320%**
(0.0516) (0.431) (0.663) (1.997)
Observations 2,474 2,474 207 207
R-squared 0.016 0.031 0.018 0.025

Notes: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

To formally test these mechanisms, we regress hours worked on the level of
education, and control for other individual characteristics, such as the number of
children under the age of five, the marital status, age and age square. The results are
presented in Table (7). Columns (1) and (2) report the results for the test for P1, while
columns (3) and (4) reports those for the test for P2. In columns (1) and (3), we include
only the level of education as a explanatory variable for hours worked in each
employment status. We find that education increases the number of hours worked in
informal employment (0.75 hour for primary and 1.08 hours for secondary and higher
education). This effect is statistically significant.In contrast, the effect of a female’s
education on the number of hours worked in formal employments is not statistically
significant. In columns (2) and (4), we control for the number of children under the age
of five, the marital status, age and age square. For informal employment, we find that the
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positive effect of a female’s education on the number of hours worked persists and is
significant. Moreover, we find that marriage and childcare reduce a female worker’s
number of hours worked. Age has a positive decreasing effect on hours worked in
informal employments. Interestingly, we find that hours worked in the formal
employment are not affected by any of these controls including the level of education.
These results support the prediction that the number of hours worked in informal
employments increases with a female’s human capital (P1), as well as the assumption
that her hours worked are invariant to her human capital in formal employments (P2).

6. CONCLUSION

Women are overrepresented in low-paid informal employments throughout
sub-Saharan Africa. The existing literature points to marriage and childcare in
combination with the inflexibility of worked hours in formal employments as the cause
of this phenomenon (Clark et al., 2017). There are two issues with this predictions. First,
if childcare is a binding constraint on women’s participation in formal employments,
then availability of kinship support in the form of unpaid childcare from older children
or children’s grand-parents (as is often the case through-out sub-Saharan Africa) should
allow those who have access to it to engage in formal employment. Second, having
access to formal employments requires that a worker first build human capital, for
example, through completion of primary and secondary education. Yet women in
sub-Saharan Africa still lag behind men in educational attainments. It is therefore not
clear which, of lack of education, or childcare responsibilities, is the main reason why
sub-Saharan Africa’s working women are overrepresented in low-paid informal
employments.

In this paper, we analyze the causal effect of human capital on the probability that a
female is informally employed. We first address this issue using a model of job-search in
which female job-seekers optimally allocate search effort between finding a formal
employment, and finding an informal one instead. Human capital is an input into both
formal and informal employments. However, because participation in informal
employments allow a female worker to choose her work hours, having more human
capital raises the opportunity cost of leisure for an informally employed female. This
effect does not obtain for a formally employed female, whose hours worked are
exogenously determined. As a result, having more human capital increase the utility
premium from being formally employed. This, in turn, increases the incentive for a
female with more human capital to allocate more search effort to finding a formal
employment, at the expense of search effort directed at finding an informal employment.
Ultimately, our model predicts that having more human capital reduces the probability
that a female job seeker ends up being an informal worker.

Our empirical analysis test this prediction using micro-level data from Niger in
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combination with an instrumental variables approach. This approach allows us to
essentially correct for the mismeasurement of human capital, which, in our study, is
proxied by completed years of schooling. Both OLS and IV estimates show a negative
effect of education on the probability that a female is informally employed, but as
expected IV estimates fare even better. According to these estimates, having an
additional year of schooling completed reduces the probability that a female is
informally employed by 3.99% - 6.12%. Our study contributes to the literature linking
women’s characteristics to their labor market outcomes (Aguero and Marks, 2008, 2011;
Clark et al., 2019).

In this socioeconomic context, women's informal work is driven primarily by low
educational attainment, our study suggests that building women’s human capital and
skills through increased access to primary and secondary schooling can wean them off
chronic dependence on low-paid informal employments. Thus, our findings suggest that
public policy aimed at pulling developing countries’ women out of low-paid informal
work should prioritize girls' education. More importantly, building women’s human
capital can achieve this objective in two ways. First, by providing women with the skills
needed to thrive in formal employments. Second, by reducing their fertility rate, which,
in turn, will lessen the burden of family responsibilities that raise the opportunity cost of
formal employment.
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