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Fertility and Rural Electrification in Bangladesh

Abstract

Using a panel data set in Bangladesh, we study the relationship between
fertility and rural electrification using infrastructure development and the
quality of service delivery as instrumental variables for the adoption of elec-
tricity. We find that the adoption of electricity reduces fertility and this
impact is more pronounced when the household already has two or more chil-
dren. This observation can be explained by a simple household model of time
use, in which adoption of electricity affects only the optimal number of chil-
dren but not necessarily the current fertility behavior if the optimal number

is not yet reached.

JEL classification codes: 020, J13
Keywords: endogeneity, impact assessment, infrastructure, fertility, Bangladesh,
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1 Introduction

Access to electricity is an essential element for development. Provision of welfare
enhancing utilities like supply of clean water, ameliorated sanitation, and modern
healthcare services could be delivered efficiently with electricity. Electricity enables
households to enjoy reliable and efficient lighting and heating equipments, improved
cooking facilities, robust mechanical power, better transport and telecommunica-
tions services, and a modern life-style overall. Unfortunately, nearly 1.3 billion
people are still lacking the basic access to electricity in developing countries,’ who
mostly reside in rural areas. Almost half this un-electrified population is in Asia,
primarily in South Asia.

While electrification alone may not resolve the energy access problem faced by
the developing world (Battacharyya, 2006), it may bring about a number of eco-
nomic benefits beyond making electricity available to people. Series of studies com-

missioned by the World Bank under the Energy, Poverty and Gender Project, and

'WEQO-2103 Electricity Access Database (http://www.worldenergyoutlook.org/resources/
energydevelopment/energyaccessdatabase/#d.en.8609). Accessed on January 15, 2014.



the Energy Sector Management Assistant Program in various parts of the world
reported substantial welfare-improving effects of electrification.

Similar findings have also been made in various other studies. Researchers have
found evidence that electrification is associated with income generation and em-
ployment creation in Benin (Peters et al., 2011), improved income and educational
outcomes in Bangladesh (Khandker et al., 2009a) and in Vietnam (Khandker et al.,
2009b), development of manufacturing in India (Rud, 2012) and in Brazil (Lipscomb
et al., 2013), and improved female employment in South Africa (Dinkelman, 2011)
and in Nicaragua (Grogan and Sadanand, 2013). Other impacts of electrification
include reduction in indoor air pollution (World Bank, 2008), air-quality-related
health improvement and fire safety (Furukawa, 2013), improved medical services
(Bensch et al., 2011), and uptake of modern cooking fuels (Heltberg, 2003, 2004).

Rural electrification may also have a causal link to fertility in developing coun-
tries. This is an important link, because high fertility rate is one of the most
important factors hindering long-term economic growth (for example see Ashraf et
al. (2013)). For example, high fertility rate may result in lack of human capital
investment, which in turn leads to low quality of human resource and youth unem-
ployment.

Therefore, we investigate the impact of rural electrification on fertility in this
study. There are multiple channels through which electricity may affect fertility.
The most direct channel is through the change in consumption pattern and time
use. Because the access to electricity allows households to enjoy an array of new
goods, it may also induce households to shift resources away from child-related goods
to these goods. The access to electricity also alters the opportunity cost of the time
for reproductive activities, because the households can use the time, for example, to
engage in gainful activity if they have an access to electricity.

Indirect channels of impact include income improvement and employment. As
discussed above, electrification has been found to improve income and women em-
ployment, which in turn may have an impact on fertility. Moreover, electrification
increases the household demand for electricity-related goods, which may compete
with expenditures related to maternity and children. Electricity also enables house-
holds to have better access to information and telecommunication facilities, which
may further change the fertility pattern of households. Despite these interesting
and important possibilities, the impact of electrification on fertility has not received
much attention in economics.

In fact, earlier academic studies on the impact of rural electrification on fertility

in developing countries have been mostly undertaken by demographers. The first



academic study on this topic we are aware of is Herrin (1979). He argues that
electrification led to demographic changes in the Southern Philippines. Summarizing
earlier studies on rural electrification and fertility, Harbison and Robinson (1985)
also indicate that there is a link between rural electrification and fertility.

More recently, several studies have tackled this topic using aggregate data in
developing countries. For example, Potter et al. (2002) use data at the level of micro-
regions in Brazil and find that there is a strong and consistent relationship between
the decline in fertility and electrification. Similarly, using a pseudo-panel data at the
district level in Indonesia, Grimm et al. (2014) find that electrification contributed
to the reduction of fertility. They also find that the two important channels through
which electrification affects fertility are exposure to TV and reduced child mortality.

However, to the best of our knowledge, there are only a few studies on ru-
ral electrification and fertility that utilize a household-level dataset with a mod-
ern econometric method. One such study is Peters and Vance (2011), who use a
household-level dataset for Cote d’Ivoire. Using a Poisson regression model, they
find a negative association between fertility and the availability of electricity among
rural households. Another study based on household-level data is Akpandjar et al.
(2014), who find that electrification contributes to the reduction in fertility in rural
Ghana.

The current study differs from the above-mentioned studies in two important
dimensions. First, none of the published studies we are aware of addresses the
endogeneity of adoption of electricity.? This casts serious doubt on the validity of
estimated impacts of electrification. Second, unlike Peters and Vance (2011), we use
a panel dataset. The use of panel dataset has a few distinct advantages. If we use
the standard fixed-effects model, we can control for all the time-invariant household-
level characteristics, which is not possible with only one period of observation. When
we instead use the change in the number of children as a dependent variable, we can
clearly show that the magnitude of the fertility-reducing impact of electrification
depends on the current number of children.

The latter point is particularly important, because previous studies do not clearly
identify the sources of change in fertility. We construct a simple theoretical model
of electrification and fertility and argue that the impact of electrification is likely
to negatively affect the optimal number of children. Because electrification only

affects the optimal number, it does not necessarily affect the fertility behavior when

2In an unpublished working paper by Akpandjar et al. (2014), the district-level access to elec-
tricity is used as an instrument. However, those households which choose to live in an area with
many electrified households may be systematically different from other households and thus there
are some concerns about the validity of instruments.



the optimal number is yet to be reached. Hence, our model suggests the existence
of the possibility that the impact of electrification on fertility may be small when
there is no child in the household but it is more pronounced when the number of
children in the household is above a certain threshold. Our empirical results are
indeed consistent with this possibility. We find that the impact of electrification is
relatively small for households with less than two children. However, the impact
tends to be larger for households with two or more children.

Third, we consider various specifications for electrification and fertility. Peters
and Vance (2011) use a Poisson regression model because the dependent variable is
discrete. However, the Poisson model is highly restrictive about the distribution of
the number of children. For example, denoting the probability that a household has
k children by py, the Poisson model implies that pxio/prr1 = (k+2)/(k+1)-prs1/Dk,
regardless of the characteristics of the household, which appears to be implausible
in practice. While it is still possible to justify the use of a Poisson regression in the
framework of the pseudo-maximum-likelihood estimation, in which we are essentially
fitting the data to the Poisson model,® this estimation is sensitive to outliers in
the right tail of the distribution. Therefore, we propose to use a bivariate probit-
ordered-probit model, which is robust to outliers and allows for the simultaneous
determination of the adoption of electricity and fertility with a possible correlation
in the unobserved error term.

In addition to the studies discussed above, this study is related to two separate
strands of literature. First, this study is related to the macroeconomic literature
on baby boom in the developed world, particularly in its relationship with mod-
ern household technology including electric appliances. For example, the spread
of modern household technology is found to have reduced the cost of having chil-
dren and resulted in increased fertility (Greenwood et al., 2005a). It also led to
an increase in female labor force participation (Greenwood et al., 2005b; Caval-
canti and Tavares, 2008). On the other hand, Baily and Collins (2011) find that
levels/changes in country-level appliance ownership and electrification negatively
predict levels/changes in fertility rates in the US between 1940 and 1960, though
they do not address the endogeneity of the adoption of electricity and appliances as
pointed out by Greenwood et al. (2011).

Second, this study is also related to a growing body of literature on the rela-
tionship between a specific type of infrastructure and development. There have

been studies on dams (Duflo and Pande, 2007), transportation infrastructure (Fer-

3This approach is used, for example, in the gravity equation in international trade, where the
left-hand-side variable is not a count data. See, for example, Silva and Tenreyro (2006).



nald, 1999; Banerjee et al., 2012), and telecommunications infrastructure (R oller
and Waverman, 2001) among others (See also Gramlich (1994) and Straub (2008)
for a review of literature). Shedding light on the impact of electrification on fer-
tility that have been largely ignored previously, we underscore the importance of
understanding social impact of infrastructure.

Consistent with most of the existing studies reviewed earlier, we find that elec-
tricity adoption and fertility are negatively correlated after controlling for some other
factors. By using infrastructure development and quality of electricity service deliv-
ery as instrumental variables for the adoption of electricity, we find that the impact
of electrification on fertility is both economically and statistically significant. We
also find that the impact of electrification is larger for those households that already
have a few children. On the other hand, we find that the impact tends to be smaller
for those households with no or only one child.

This study is organized as follows. In the next section, we briefly discuss some
relevant background information on rural electrification in Bangladesh. In Section 3,
we present a simple model of electrification and fertility to motivate our estimation
models. We then describe the data used in this study and present key summary
statistics in Section 4. The estimation results are given in Section 6. Section 7 offers

some discussion.

2 Rural Electrification in Bangladesh

In Bangladesh, the Power Division of the Ministry of Power, Energy and Mineral
Resources is responsible for formulating electricity policy and supervises, controls,
and monitors the development activities in the electricity sector. Two organizations,
the office of the Electrical Advisor and Chief Electrical Inspector (EA & CEI) and
the Power Cell, are directly under the Power Division. The main responsibility of
EA & CEI includes inspection of installations, substations, and lines, whereas the
Power Cell basically acts as a technical unit of the Power Division.*

Five government entities® and some other independent power producers are cur-
rently involved in the generation of power in Bangladesh. The power is then trans-
mitted through the national grid by the Power Grid Company of Bangladesh. The
power is then distributed to end users by different organizations, which include the

Rural Electrification Board (REB), depending on the region and purpose of the use

4See, http://www.powerdivision.gov.bd/.

®Bangladesh Power Development Board (BPDB), Ashuganj Power Station Company Ltd. (AP-
SCL), Electricity Generation Company of Bangladesh Ltd. (EGCB), Rural Power Company Ltd.
(RPCL), and North West Power Generation Company Ltd. (NWPGCL).



of power.%

REB, which was established in 1977, is a semi-autonomous government organi-
zation that has been providing service to rural member consumers and in charge
of electrification in rural areas. REB is responsible for planning and developing
the distribution network for each phase of the expansion of rural electrification and
divested the management responsibility of distribution to end users to the rural
electric cooperatives or Palli Biddut Samities (PBS).

The process of rural electrification has been dependent on various factors includ-
ing (i) the results of pre-phase economic and social impact study, (ii) the develop-
ment of a PBS, (iii) financially and technically viable electrical distribution system,
and (iv) availability of donor funding. Therefore, the variations in the timing of
rural electrification are not random, but we treat these variations to be exogenous
to fertility.

There are currently 70 operating PBSs, which owns, operates, and manages a
rural distribution system within its area of jurisdiction. Since the establishment of
REB, rural Bangladesh has become significantly electrified. Today, REB serves over
8.3 million domestic end users in addition to commercial, industrial, irrigation, and
other users through PBSs with a total of over 9.7 million connections.”

PBS is modelled after the Rural Electric Cooperatives in USA. The members
of REB are its consumers, who participate in its policy-making through elected
representatives in its governing body. REB provides PBS with technical support
and training, negotiates the purchase of power for PBS, approves its tariffs, and
supervises other functions. The area coverage of one PBS is usually 5-10 sub-districts
(upazilas/thanas) with a geographic expanse of 600-700 square miles.

REB’s rural electrification program has been viewed as one of the most successful
government programs in Bangladesh (Khandker et al., 2009a). REB has achieved
a substantially lower system loss than other major electricity distribution bodies
(Alam et al., 2004) and has an almost perfect bill collection record. The success
of REB is attributed to its autonomy, minimal bureaucracy, strong culture of in-
tegrity, donor support and trust, and strong and independent leadership (Nathan
Associates Inc., 2006). The political appeal of REB is that many of the benefits
of electrification, such as longer lighted hours and easier access to mass media, are

readily visible to the public. However, a recent study by Rahaman et al. (2013)

6Other power distributors include Bangladesh Power Development Board (BPDB), Dhaka Elec-
tric Supply Company Ltd. (DESCO), Dhaka Power Distribution Company Ltd. (DPDC), West
Zone Power Distribution Company Ltd. (WZPDCL), North West Zone Power Distribution Com-
pany Ltd. (NWZPDCL), and South Zone Power Distribution Company Ltd. (SZPDCL).

"See, http://www.reb.gov.bd/.



points out that the performance of REB has been declining since 2006 because of
the lack of organizational autonomy, a shortage of funding, unrealistic tariffs, and
power supply shortages. They also find that renewable-based, off-grid technologies

have been supplementing the on-grid program in remote areas.®

3 Model of electrification and fertility

In this section, we propose a simple model of electrification and fertility to motivate
our econometric specification in the subsequent analysis. While there exist mul-
tiple potential channels through which electricity affects fertility, one of the most
obvious and direct channel is reallocation of time use. To fix the ideas, we start
with a standard Beckerian-type model (for example, see Becker and Lewis (1973);
Becker (1981); Willis (1973)) with a single decision maker, in which each household
maximizes a static utility function over the consumption of child goods n € R, and
non-child numeraire goods ¢ € R for given electrification status e. The non-child
goods potentially includes the value of leisure time.

Even though the electrification status in our empirical analysis is mostly a binary
variable, we treat e as a continuous variable in the reminder of this section for the
simplicity of presentation. Therefore, a larger value of e represents better electrified
households. For example, e can be interpreted as the proportion of time in which
electricity is available.

We also assume that the consumption of child goods is proportionate to the
number of children. Hence, we hereafter use the number of children and consumption
of child goods interchangeably. The quality of children is assumed away in our model.

For the sake of simplicity, we also assume that the utility function U(c,n,e) is
additively separable in (c,e) and n and that the sub-utility from non-child goods
depends on e but not on the sub-utility from child goods. Given these assumptions,

we can write the household utility as follows:

Ule,n,e) =~f(c,e) + (1 =7)g(n), (1)

where f and g are the sub-utility functions from non-child and child goods, respec-
tively, and (€ (0, 1)) is a preference parameter representing the weight attached to
non-child sub-utility. We assume that f and g are increasing, concave, and twice
differentiable.

8We, however, do not separately take into account the electrification based on off-grid technolo-
gies, because the proportion of electrified households in the off-grid villages is very small in our
sample.



In our model, each household allocates its effective lighted time (or productive
time) to either child-related activities, such as bearing and rearing children, or non-
child activities including leisure and work. We denote the fraction of the effective
lighted time that has to be spent on each child by «(e), which is a function of
electrification, and the fraction of effective lighted time spent on non-child activities

by [. By definition, [, a(e), and n in our model satisfies the following:

[+ ale)n = 1. (2)

Note that the physical unit of time may vary across households. That is, some
households may have a habit of getting up early and work until it is dark. Compared
with other households, they have longer effective lighted time. Eq. (2) only requires
that some fraction of effective lighted time has to be spent on each child in the
household.

Because households with electricity have more choices to do things for children,
the actual number of lighted hours that has to be spent on each child does not
increase with electrification. Therefore, even if electricity does not help households
save time for child-related activities, the fraction of the lighted hours that has to
be spent on each child decreases such that the first-derivative of « satisfies o/ (e)(=
da/de) < 0 thanks to the longer lighted hours that electrified households enjoy.”
We further assume that non-lighted hours are used only for sleeping or reproductive
activities and have no alternative use.

Let us now turn to the budget constraint faced by households. Suppose that I(e)
is the maximum potential household income, which the household can earn if all of
the household’s effective lighted time is spent on work. We assume that I’(e) > 0,
because longer lighted hours allow households to (potentially) spend more time on
gainful activities (See Appendix B and Khandker et al. (2009a,b)).

Assuming that the actual household income earned from work is proportionate

to [, we can write the household budget constraint as follows:
I(e)l = ¢+ pule)n, (3)

where p,(e) is the “price of having one child”, which includes direct costs of child
bearing and child rearing, such as food, clothes, and education. Because the op-
portunities to use electrified appliances would not increase the cost of children, we

assume that p/ (e) < 0 holds. We ignore the possibility that children potentially

9Using the time use data, we find no evidence that this condition is violated. See Appendix B
for details.



contribute to the household income once they grow up, because this is a static
model.

Households maximize the utility function in eq. (1) subject to the time constraint
eq. (2) and the budget constraint eq. (3) over ¢, n, and [, given their electrification
status e. We denote the maximizing arguments with an asterisk and explicitly write
the argument e to emphasize their dependence on e (i.e., c.(e), n.(e), and l.(e)).

It is straightforward to show that the maximizing arguments satisfy the following

condition:
VIpn + I(e)a(e)]f'(cule), e) = (1 —7)g'(n.(e)), (4)

where we use f’ and ¢’ to denote the first derivatives of f and g with respect to ¢
and n, respectively.

Note that the term I(e)a(e) in the square brackets on the left hand side in
eq. (4) can be interpreted as the opportunity cost of having one child, because it
corresponds to the amount of income that could be earned using the time spent on
raising one child. Therefore, [p, + I(e)a(e)] represents the total economic cost of
having one child. Hence, eq. (4) admits the usual interpretation that the marginal
utility per price from child goods is equal to that from non-child goods.

By taking a total differentiation of eqgs. (2), (3), and (4) with respect to e and

solving for n/ (e), we obtain the following results:

o vA(e)
n.(e) = (1 =7)g"(n(€)) + vlpale) + I(e)a(e)]2f"(cule),e)’ ®)

where f” and ¢” are the second derivatives of f and g with respect to ¢ and n,
respectively, f! is the cross partial derivative of f, and A(e) in the denominator has

the following definition:

Ale) = [pple) +I'(e)ale) + I(e)d/(e)]f (c.le), €) + [pale) + I(e)ale)] -
[f"(ce), e)(I'(e) — (pn(e) + &/ (e)I(e) + a(e)I'(e))nle)) + fele(e), )]
= [f' = + La)n f"]pl + [1f" = (pn + L) In. f"]0" +
[af'+ (pn + L)L "I + [pn + Ll fe, (6)

where we have used I’ — al'n, = [,I'(> 0) and dropped the arguments for the
simplicity of presentation.

As can be seen from the last line of eq. (6), A(e) can be divided into four terms,
each involving p/, o/, I', and f!. Roughly speaking, the first and second terms
are driven by the price effects induced by electrification through the changes in,

respectively, the direct and opportunity costs of children. It is straightforward to



verify that the first term is non-positive and the second term is negative. Because the
denominator of eq. (5) is unambiguously negative from the concavity assumption
about f and g, we can see that the price effects of electrification on fertility is
positive.

The third term involving I’ represents the effect due to the change in potential
household income. This effect is ambiguous because af’ > 0 and (p, + o)l f" < 0.
The fourth term involving f! represents the effects due to complementarity between
electricity and non-child goods. This complementarity effect affects fertility neg-
atively when f! > 0. While we do not assume f! > 0, it is likely to hold. This
is because access to electricity allows households to enjoy a wide range of addi-
tional goods, including electric lights, cooking appliances, refrigerators, fans, and
televisions. Therefore, given the consumption level of non-child goods, the marginal
sub-utility of non-child goods for electrified households would be no smaller than
that for non-electrified households.

The following proposition directly follows from egs. (2), (3), and (5):

Proposition 1 The necessary and sufficient condition for the optimal number of

children n.(e) to be decreasing with electrification (i.e., nl(e) < 0) is:
Ale) > 0. (7)
Further, when this condition is satisfied, we have:

de) = LI — (po+al)nl — (pl,+ ' I)n, > 0.
lle) = —(n.+an.)>0.

From this proposition and the preceding discussion, it can be seen that the
optimal number of children tends to decrease as the household is electrified when
at least some of the following conditions are satisfied: (i) the marginal utility from
non-child goods is relatively large and declining only slowly (i.e., f’is large and f” is
small in absolute value), (ii) the complementarity between electricity and non-child
goods is strong (i.e., f. is positive and large), and (iii) the direct and opportunity
costs of children do not decline much with electrification (i.e., p/, and o/ are small
in absolute value).

Proposition 1 describes the relationship between n’,, ¢., and .. When we observe
a negative relationship between electrification and fertility, the consumption of non-
child goods and the fraction of the lighted hours spent on non-child activities should
be both positively related with fertility. Therefore, even though our primary interest

is in the relationship between electrification and fertility, we can also carry out a test

10



to check the consistency of data with our theoretical model, provided that we have
relevant data. Because we do not have detailed consumption data to differentiate
the consumption of child goods from that of non-child goods, we cannot test the
sign of ¢,. However, because we have time use data (of limited quality), we can test
the sign of I. In Appendix B, we show that there is no evidence to suggest that
I/ > 0 is violated.

Since our model is static, n, can be interpreted as the optimal number of chil-
dren in the long run or the number of children the household plans to have. If
this interpretation is adopted, little difference between electrified and non-electrified
households is expected in fertility behavior when the current number of children is
well below their respective optimal number of children. This is because both types
of households wish to increase the number of children and because the speed at
which they can increase the number of children is largely governed by the biological
limit.

Suppose now that eq. (7) is satisfied and consider electrified and non-electrified
households with 7,(1)(< n.(0)) children, which is the optimal number for electrified
households but is less than the optimal number for non-electrified households. In
this case, the former would not wish to increase the number of children any further,
whereas the latter continues to try to increase. Therefore, it is likely that the
fertility-reducing impact of electrification can be relatively easily identified.

So far, we have ignored the heterogeneity across households. However, even
given the electrification status, the optimal number of children is likely to vary
across households because, for example, households have or face different values of
v, I, and p,. Therefore, it is quite likely that n,(1) for some households is greater
than n.(0) for other households. Even in this case, the discussion above remains
applicable and the negative relationship between electrification and fertility is likely
to be most apparent when the households already have some children (grater than
n«(1) for most households) but not too many (fewer than 7. (0) for most households)
unless important household characteristics are controlled for.

Similarly, when there are many children already in the household, the differences
in the subsequent fertility behavior between electrified and non-electrified households
may not be very clear especially when important household characteristics are not
adequately controlled for. This is because the number of children is likely to be
already at or close to the optimal number regardless of the electrification status of
household.

One important limitation of the model presented in this section is that the adop-

tion of electricity is given exogenously. This is potentially problematic because the
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number of children household plans to have in the long run changes when it chooses
to adopt electricity. Therefore, we use variations in electricity adoption exogenous

to fertility decisions to address this issue.

4 Data and Summary Statistics

The main data source for our study is the household survey data collected un-
der the Socio-economic Monitoring and Impact Evaluation (SEM € IE) of Rural
Electrification and Renewable Enerqy Programme in Bangladesh. The SEM & IE
study was conducted in order to (i) document benefits and impacts of rural electri-
fication; (ii) develop valuable, replicable “good practices” for application in future
rural-electrification (RE) projects; and (iii) institutionalize and apply “good prac-
tices” concerning measuring benefits and impacts of RE for future RE projects in
Bangladesh.

The survey took place in two rounds. The first round was conducted in 2005 and
collected by the consortium consisting of Bangladesh Engineering and Technological
Services Ltd. (BETS) and Bangladesh Unnayan Parishad (BUP). The second round
was conducted in 2010 by e.Gen Consultants Ltd. Some of the households in the
data appear in both rounds. Therefore, these data are partial panel data.

Both rounds cover 45 PBS out of the 70 PBSs operating in Bangladesh, covering
all six divisional regions of Bangladesh. In Round 1, a stratified random sample
was drawn according to the electrification status such that roughly one half of the
villages are with electricity and the other half are without electricity. The domestic,
commercial, industrial, and irrigation samples were selected based on the actual
distribution within rural Bangladesh, but we only use the domestic data because
our main interest is fertility, which is predominantly a household decision.'®

In the second round of the survey, a subsample of households were followed up.
Both electronic and printed lists of identified household and non-household units
were obtained to match those surveyed in 2005. These lists contain household
identification information, their location information (village, sub-district, PBS,
etc.), their location status (electrified village, project non-electrified village, and
non-project non-electrified village), and their electrification status. This informa-
tion was used as the basis for the sampling design for the Round 2 survey (e.Gen
Consultants Ltd., 2006).

The selection of villages was based on the attrition rate found in the retracing

10For additional information on Round 1, see Bangladesh Engineering and Technological Services
Ltd. and Bangladesh Unnayan Parishad (2006) and Khandker et al. (2009a).
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survey and villages were selected from all three types of villages in 2005, including
(i) those villages that were already electrified, (ii) those villages that were to be
electrified in future within the duration of the project (i.e., electrified between the
two rounds of the survey), and (iii) those villages that were not to be electrified
under the life of the project (i.e., not electrified by the time of Round 2). Those
villages which had no more than 10 households in Round 1 were excluded from
the sample in Round 2. Further, no more than 25 households were selected from
each village. The number of villages was kept to a minimum in Round 2 while the
required number of households were sampled for each PBS.

We have also collected the age and the system loss from the grid for each PBS
from the Bangladesh Rural Electrification Board Management Information Sys-
tem.!'’ We take the former as an indicator of infrastructure development and the
latter as an indicator of the efficiency of service delivery, both of which are likely
to be related to the adoption of electricity. That is, when the age of PBS is higher,
electricity is likely to have been available to the household for a longer period of
time. Because the establishment of PBS is largely dependent on the choice of areas
for rural electrification projects by policy-makers in the government and donors,
there is little concern for the endogeneity of the household’s choice of the location
of residence.

The second instrument, system loss variable of PBS, is also important because
the management of PBS is likely to be poor when system loss is larger, which in turn
would negatively affect the adoption of electricity. System loss variable also has no
obvious link to fertility. Therefore, the age and the system loss variables of PBS can
be interpreted, respectively, as supply- and demand-side instrumental variables for
the adoption of electricity for households. We merge these PBS-level variables into
household-level variables.

To minimize the complications arising from the differences in the household
structure, we only use the data for households whose household head is male'? and
married to a woman aged between 15 and 49, an age group for which fertility decision
is relevant. We also eliminate about one percent of households in each round that
had multiple wives. After further eliminating a small fraction of households whose
demographic, education, or income variable is missing, we have 16,369 households
in Round 1 and 4,180 households in Round 2 in the data.

Because the raw dataset did not contain a unique individual-level identifier,

a panel dataset was produced by matching the names of the husband and wife

HSource: Document number: FMTF 075-001 (Version 1) Date: 11-07-2013.
12In Bangladesh, an overwhelming majority of households are headed by male.
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between the two rounds for each household manually.!* We exclude from our panel-
data analysis those households which cannot be matched between the two rounds,
those with missing observations in some key variables as well as a small fraction of
households in which the number of surviving children has changed by more than
four between the two rounds of survey. As a result, we have a balanced panel
data set with 5,094 observations with two observations for each of 2,547 households.
Table 1 provides summary statistics of some key household variables by the status
of electrification in Round 1, HHELEC!, where HHELEC=! = (0 [HHELEC' = 1]
means that the household does not have access to electricity from the national grid.!4

Four cautions are in order here. First, because we do not have household weights
for the version of Round 2 data we received, we apply the same household weights
to the Round 2 data as those included in the Round 1 data. Based on these weights,
about 52.8 percent of households live in an electrified village and 31.6 percent of
households had electricity at home in Round 1. The corresponding figures for
Round 2 are 71.9 percent and 54.5 percent, respectively. We only report un-weighted
regression results in Section 6 but the results are generally similar even when the

weights are applied.

13The matching of names between the two rounds is not always exact because of the variations
in the English spelling of names. However, only those households that were matched with high
confidence were retained in the dataset used in this study.

14We also provide a table of summary statistics for the panel households in Table 12 in Appendix
C. Because of the sample restriction described above, the panel households are on average younger.
The distributions of other characteristics do not differ much between the panel and whole samples.
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Table 1: Key summary statistics for Rounds 1 and 2 by the electrification status of households.

Description Round 1 Round 2

Non-electrified Electrified All Non-electrified Electrified All

(HHELEC!'=0) (HHELEC!'=1) (HHELEC?=0) (HHELEC?=1)
Head’s age 40.9 42.4 41.4 43.0 44.8 43.8
Spouse’s age 32.8 34.0 33.2 34.9 35.9 35.4
# surviving children spouse has given birth to 2.68 2.66 2.67 2.78 2.75 2.77
Ratio of boys among children under 15 (%) 52.2 52.7 52.3 51.5 51.4 51.5
Head has some primary education (%) 60.5 78.9 66.4 69.2 77.2 73.0
Head has some lower secondary education (%) 37.5 55.2 43.1 38.6 48.1 43.1
Head has some matric education (%) 18.4 31.0 224 20.1 25.9 22.9
Spouse has some primary education (%) 54.1 71.0 59.5 67.4 76.0 71.5
Spouse has some lower secondary education (%) 29.3 42.6 33.5 32.6 40.2 36.2
Spouse has some matric education (%) 8.4 13.5 10.0 10.3 13.2 11.6
Household expenditure per capita (Tk.) 29.1 33.6 30.5 60.6 172.0 113.6
Average hours of TV watching time by spouse 0.24 1.00 0.48 0.38 1.37 0.85
Landless (0.00-0.04 acres) 5.0 3.9 4.7 10.0 10.5 10.3
Marginal land owner(0.05-0.49 acres) 50.0 51.9 50.6 37.0 40.5 38.7
Small land owner (0.50-2.49 acres) 30.7 32.8 31.3 33.7 36.2 34.9
Medium land owner (2.50-7.49 acres) 11.9 10.1 11.3 16.8 11.2 14.2
Large land owner(7.50+ acres) 2.5 1.3 2.1 2.5 1.6 2.0
Number of observations 8926 7443 16369 1723 2457 4180

' The average was taken over those households with at least one child under the age of 15. Therefore, the number of observations used for this
calculation is about 10-15 percent lower than other rows in each round and each electrification status.



Second, the educational attainment is taken as an ordered variable to make it
easier to understand the marginal impact of education. For example, if the head
in a given household has at least some matric education, then he automatically
has some primary and lower secondary education. Therefore, the proportion of
households with some primary education but no secondary education in Round 1 is
23.3(= 66.4 — 43.1) percent.

Third, the sex ratio of children born to the wife is likely to matter for the subse-
quent fertility decisions as it is common in Bangladesh to prefer boys to girls. How-
ever, we observe only the number of surviving children born to the wife, NCHILD,
but not the number of boys and girls separately. Therefore, we use the ratio of
boys among children under the age of 15 in the household, which may include those
children whose mother is not the spouse of the male household head. For those
households with no children under 15, we assign the value of half in the regression
analysis, but the average reported in Table 1 excludes those households.

Finally, we are primarily interested in the electricity from the national grid be-
cause our identification uses the age and system loss from the grid for each PBS.
Thus, the non-electrified households may actually be able to use electricity from non-
grid sources such as the solar power. While we ignore it for most of our analysis, we
shall briefly discuss the impact of electricity from the solar power in Section 6.

We use NCHILD as an observable measure of fertility because we do not observe
the complete history of pregnancy and birth for each woman in the data. Therefore,
NCHILD is affected not only by the number of children the wife has given birth to
but also by the number of children who have died before the time of interview.

As shown in Table 1, electrified households tend to be slightly older than non-
electrified households. The average of NCHILD is similar for both types of house-
holds but electrified households tend to have a smaller number of children. One of
the major differences between non-electrified and electrified households in Table 1 is
the educational attainment of their heads. At each level of educational attainment,
the proportion of educated households for electrified households is higher than that
for non-electrified households. For example, nearly 80 percent of household heads
in electrified households had at least some primary education in Round 1. However,
the corresponding ratio is only around 60 percent for non-electrified households.
Similarly, the educational attainment of spouse is also higher in electrified house-
holds.

Electrified households and non-electrified households are also economically and
statistically different in terms of expenditure per capita. As expected, electrified

households are on average wealthier than non-electrified households. Furthermore,
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the increase in average consumption between the two rounds is higher than that
for non-electrified households. On the other hand, while the proportion of land-
less households for the electrified households is significantly smaller than that for
non-electrified households, the land distributions for electrified and non-electrified
households are similar overall. Table 1 also shows that the daily average hours of
watching TV is small but positive for non-electrified households. This is because
one can watch TV in a neighbor’s house, for example.

For the panel households, we can use the change in the number of surviving chil-
dren between the two rounds, ANCHILD, as an observable measure of fertility. On
average, electrified households (based on Round 1 electrification status) increases
0.346 surviving children and non-electrified households 0.456 surviving children be-
tween the two rounds (See Table 4 discussed in the next section). The difference in
average ANCHILD between non-electrified and electrified households is statistically
significant.

As with NCHILD, ANCHILD reflects both births and deaths of children that
have taken place between the two rounds of survey. However, for the most part of our
analysis, we ignore the deaths of children and drop the qualifier “surviving” to keep
the presentation simple, because the probability of deaths, especially between the
two rounds of surveys, is limited.'®> We do, however, retain the households for which
ANCHILD is negative in our panel analysis. This is because if we only retain the
households for which ANCHILD is non-negative, we essentially retain high fertility
households that tend to have additional children in the event of deaths of children,

which leads to a sample selection bias in our estimation.

5 Econometric specifications

The discussion in Section 3 suggests that the availability of electricity may affect
fertility decisions. Let us now bring this idea to the data. To highlight some econo-
metric issues, let us begin with the simplest cross-sectional specification in a linear

form.

NCHILD! = aHHELEC! + X! + u!,, (8)

15The child mortality rate under five per 1,000 live births in Bangladesh is 68 in 2005 and 47 in
2010 according to the World Development Indicators. This number is certainly not negligible but
still relatively small. Further, children are most vulnerable to death in their first five years of life
and older children are more likely to survive between the two rounds of survey. In our sample, less
than 9 percent of panel households experienced a net decrease in the number of surviving children
between the two rounds. As shown later, we also find that controlling for the infant mortality rate
does not alter our regression results much.
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where the superscript ¢t € {1,2} represents the round of the survey and X! is a
vector of covariates, which includes a constant term. When the error is conditionally
uncorrelated with the regressors and follows an iid process, the model parameters
such as « and 7 can be consistently estimated by ordinary least-squares (OLS)
regression. However, one obvious problem here is the endogeneity of HHELEC.
That is, because those who have access to grid electricity may be systematically
different from those who do not, the (mean-zero) error term u! may be conditionally
correlated with HHELEC! and thus OLS estimates may be biased.

With some additional assumptions, this problem can be resolved. Suppose that
et can be decomposed into the time-specific effect 7, household-specific effect §; and

idiosyncratic effect €! such that eq (9) reduces to:

NCHILD! = aHHELEC; + v X} +n, + A; + €. (9)

When ¢! is uncorrelated with X!, n;, and ¢;. In this case, even when 7, or J; is
correlated with HHELEC!, we can obtain a consistent estimate. In this case, we can
use fixed-effects OLS (FE-OLS) regression using a panel data set.

However, this specification implies that the expected number of children that
are born between the two rounds is completely determined by HHELEC and X,
regardless of the number of surviving children in Round 1. This seems to be un-
realistic because those households that already have a long-run optimal number of
children would not increase the number of children. Further, the way the number
of children increases may also depend on a time-invariant characteristic, a situation
that is not allowed in fixed-effects OLS. Therefore, we also consider the following

change-on-level specification:

ANCHILD; = oHHELEC; + SNCHILD; + vX; + ¢!, (10)

As discussed in Section 3, it is possible that the effect of the electrification
depends on whether the existing number of children (NCHILD}) has reached a
certain threshold. To allow for this possibility, we also consider the following variant

of equation:

ANCHILD; = oHHELEC]-¥(NCHILD; > M) + $, - W¥(NCHILD; > M)
+B,NCHILD} 4+ X} + €, (11)

where the threshold value M is varied from 1 to 4. This can be estimated consistently
by OLS when e! is conditionally uncorrelated with HHELEC; - W¥(NCHILD; > M).
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In the specifications above, we cannot completely exclude the possibility that
HHELEC; is endogenous in each of the four specifications. Further, it is not possible
to predict in advance in which direction the OLS estimate is biased in the presence
of endogeneity, because both positive selection and negative selection are possible.

On one hand, it is possible to argue that those households that value electric
appliances more tend to have adopted electricity early and they also tend to have
a lower optimal number of children because, say, they have a higher value of v. In
this case, the negative selection occurs and the estimated coefficient on household
electrification status is biased downwards. On the other hand, if those households
which have a better prospect of future income adopt electricity early and tend to
have more children subsequently, the selection is positive and coefficient tends to be
biased upwards.

To deal with this issue, we instrument it with the adoption of electricity by the
age and the system loss from grid for the PBS that covers the location of household 7.
While we have only discussed linear specifications above, we also consider some
non-linear specifications that take into account the discreteness of the left-hand-side

variables.

6 Results

We now consider the impact of rural electrification on fertility based on the econo-

metric specifications considered in Section 5.

Cross-sectional analysis

We start with simple cross-sectional specification given in eq. (8). While this spec-
ification suffers from the issues discussed earlier, it has a practical advantage that

we are able to take advantage of all the observations.
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Table 2: Cross-sectional regression results for Rounds 1 and 2.
Dependent Variable: NCHILD Round 1 Round 2
OLS GMM-1V OLS GMM-1V

Mean (S.E.) Mean (S.E.) Mean (S.E.) Mean (S.E.)
HHELEC 20.002  (0.022) -5.001 *** (0.883) -0.037  (0.042) -2.921 *** (0.845)
Ratio of boys among children -0.072 *** (0.027) -0.059 (0.060) -0.222 *** (0.053) -0.266 *** (0.081)
Head’s age 0.086 *** (0.014) 0.164 *** (0.031) 0.056 *** (0.019) 0.109 *** (0.031)
Head’s age squaredf -0.046 *** (0.016) -0.119 *** (0.032) -0.037 *  (0.021) -0.073 ** (0.031)
Spouse’s age 0.160 *** (0.016) 0.139 *** (0.034) 0.196 *** (0.027) 0.121 ** (0.048)
Spouse’s age squaredf -0.148 *** (0.025) -0.089 *  (0.049) -0.185 *** (0.040) -0.086 (0.066)
Head has some primary education 0.117 *** (0.033) 0.616 *** (0.109) -0.071 (0.063) 0.002 (0.093)
Head has some lower secondary education -0.029 (0.032) 0.039 (0.068) -0.015 (0.059) 0.046 (0.088)
Head has some matric education 0.015 (0.033) 0.111 (0.073) -0.053 (0.065) -0.105 (0.097)
Spouse has some primary education -0.099 *** (0.032) 0.337 *** (0.100) -0.148 ** (0.064) 0.071 (0.108)
Spouse has some lower secondary education -0.129 *** (0.029) -0.036 (0.066) -0.133 ** (0.054) 0.008 (0.093)
Spouse has some matric education -0.152 *** (0.033) -0.089 (0.082) -0.202 *** (0.065) -0.149 (0.106)
log (HH expenditure per capita) -0.582 *** (0.032) 0.012 (0.121) -0.318 *** (0.050) -0.078 (0.092)
R? 0.323 0.261
1st Stage F’ 21.10 *** 12.23 ***
Test of endogeneity 122.57 *#* 22.5] ok
OIR Test 0.04 2.61
CLR Test 122.78 4 25.74 ok
N 16369 16369 4180 4180

Note: T denotes that the regressor is divided by 100. A constant term is included in each model (not reported). Statistical
significance at 10, 5, and 1 percent levels are denoted by *, ** and *** respectively. In GMM-IV estimation, HH Electrified
variables has been instrumented with age and the system loss from the grid for each PBS and R? provides the coefficient of
determination for the first-stage regression.



We run regressions for each of the two rounds separately. The regression results
are provided in Table 2. For each round, we report both the OLS and Generalized
Method of Moment Instrumental Variables (GMM-1V) regression results, where HH-
ELEC is instrumented by the age and system loss from the grid for each PBS.

The main variable of interest is HHELEC. As can be seen from Table 2, the
coefficient is close to zero when the OLS specification is used. On the other hand,
it is highly negative when HHELEC is instrumented. Therefore, this indicates the
presence of positive selection.

For GMM-IV regressions, we report the first stage Robust F' statistics, the
difference-in-Sargan C statistic for the test of endogeneity and the Hansen’s J-
statistic for the overidentification restriction (OIR) test. Because the first stage
F-statistics are not always as large as those reported in Table 2, we also report the
conditional likelihood ratio (CLR) test statistic based on the Lagrange multiplier.'6
This statistic allows us to test & = 0 even when the instrument is weak.

In addition to HHELEC, we add several control variables. As demographic
controls, we include the ratio of boys among children to allow for the possibility that
the sex of the existing children may affect the subsequent behavior. For example, if
people have a strong preference for a boy, they may continue to try to increase the
number of children until they have a boy. The point estimate is negative in all the
regressions and significant except for GMM-IV for Round 1.

We also include the age and age squared (rescaled by dividing by 100) for both
the head and his spouse. These terms are included because older households tend
to have more children but this effect is likely to decline when the number of children
has reached the optimal. In all cases, their estimated coefficients have the expected
sign and they are mostly statistically significant.

We also include education variables for both the head of household and his
spouse. We do not have a consistent pattern of signs for the head’s education
variables. On the other hand, all the education variables for the spouse are negative
in the OLS model, suggesting that households with a better educated mother tend to
have fewer children, a finding that is consistent with many existing studies. However,
this observation does not hold for GMM-IV regressions. In addition, we also control
for the logarithmic expenditure per capita to control for the household’s standards

of living, which may affect both electrification and fertility.

16The CLR test statistic was calculated using the STATA implementation by Finlay et al. (2013),
which uses the fast and accurate algorithm by Mikusheva and Poi (2006).
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Table 3: Results for fixed-effects OLS regressions.

Dependent Variable: NCHILD (a) (b) (c) (d) (e)
HHELEC -0.001 1.165 **% (.492 *** (.210 *** (.108 **

(0.048)  (0.179)  (0.087)  (0.059)  (0.049)
HHELEC x J#(NCHILD' > 1) -1.308 ***

(0.182)
HHELEC x J£(NCHILD' > 2) -0.716 ***
(0.100)
HHELEC x J¢(NCHILD' > 3) -0.540 ***
(0.093)
HHELEC x J(NCHILD' > 4) -0.683 ***
(0.143)

log (HH expenditure per capita) -0.258 *** -0.240 *** _(.243 *** _(.247 *** _(.253 ***
(0.041)  (0.040)  (0.040)  (0.040)  (0.040)

R? 0.862 0.867 0.865 0.864 0.864
N 5094 5094 5094 5094 5094

Note: Robust standard errors are in the brackets. Household-specific and round-specific
fixed-effects are controlled for in each model. Statistical significance at 10, 5, and 1 percent
levels are denoted by *, **, and ***, respectively.

Fixed-effects Specification

Let us now consider eq. (9) using the panel households. Because most demographic
and education characteristics are mostly time invariant after controlling for the time-
specific fixed effect, we choose to keep only the logarithmic household expenditure
per capita in the set of regressors. In Table 3, we report FE-OLS estimates with
household-specific and time-specific fixed effects.

As shown in column (a), the coefficient on household electrification status is only
weakly negative and statistically insignificant. This is not surprising for two reasons.
First, there may be positive selection as with Table 2. Second, we are identifying the
impact of electrification only through those households in which the electrification
status has changed without taking into account how many children there already
are in Round 1.

In columns (b)-(e), we replace household electrification status with the inter-
action between electrification status and indicator variable for number of children
(using different thresholds). Therefore, these coefficients pick up the impact of
electrification on fertility when the household already has one to four children, re-
spectively. The results reported in Table 3 indicate that the negative impact of
electrification on fertility tends to increase when the household has a larger number
of children to begin with.

It should be noted here that we are controlling for, among others, all the time-

invariant household characteristics in the FE-OLS models. As a result, the estimated
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Table 4: The average of the changes in the number of surviving children between
the two rounds (ANCHILD) by the number of surviving children in Round 1
(NCHILD").

NCHILD' Non-electrified (HHELEC'=0)  Electrified (HHELEC!'=1)
Mean (S.E.) N Mean (S.E.) N

0 1.858 *FF (0.092) 148 1.778 *¥f (0.100) 99
1 0.684 *** (0.043) 288  0.700 *** (0.059) 203
2 0.340 ***  (0.034) 453 0.234 FFF(0.040) 334
3 0.202 ***  (0.045) 342 0.000 (0.058) 247
4+ -0.079 (0.064) 253 -0.144 (0.089) 180
Total 0.455 *% (0.026) 1484 0.348 *¥* (0.032) 1063

Note: Statistical significance of a one-sided t-test of inequality for the pop-
ulation mean p of ANCHILD with Hy : p =0 and H, : > 0 at 10, 5, and

1 percent levels are denoted by *, ** and *** respectively.

coefficients in columns (b)-(e) capture not only the effect of electrification but also
the effect of lower subsequent fertility given the number of surviving children in
Round 1. To simultaneously address the dependence of the change in the number of
children on the initial number of children and the heterogeneity of households, we

consider change-on-level specification such as eqs (10) and (11).

Change-on-level Specification

In Section 3, we have argued that, in the absence of appropriate control variables
at the household level, the fertility-reducing impact of electrification is likely to
be most apparent when we look at the impact of electrification conditional on the
number of children being greater than n,(0) but less than n,(1) for most households.
Therefore, to further underscore the importance of the dependence of subsequent
fertility on current fertility , we start with Table 4.

This table presents the mean of ANCHILD and its standard error by the electri-
fication status and the number of children in Round 1. For example, non-electrified
households on average have 1.858 more children in Round 2 than in Round 1. Based
on a one-sided t-test, this figure is significantly positive. Hence, the table shows
that non-electrified households tend to increase the number of children if there are
three children or fewer in the households.

On the other hand, the statistical significance disappears for households with

four children or more already. For electrified households, the number of children
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tend to increase when NCHILD in Round 1 is two or fewer. For those electrified
households with at least three children, the number of children do not change sig-
nificantly over time in our data. Given these, it would be reasonable to say that
the optimal number of children for electrified and non-electrified households are on

average roughly around three and two, respectively.
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Table 5: Results for basic-specification OLS regressions.

Dependent Variable: ANCHILD (a) (b) (¢) (d) (e) () (2) (h)
W(NCHILD' > 1) -0.990 *#*
(0.082)
HHELEC' x #¥(NCHILD' > 1) -0.100 ***
(0.037)
K(NCHILD® > 2) -0.307 *** -0.343 *i*
(0.073) (0.063)
HHELEC'¥ x (NCHILD' > 2) -0.216 * -0.130 ***
(0.122) (0.042)
K(NCHILD® > 3) 0.375 ***
(0.072)
HHELEC' x #¥(NCHILD' > 3) -0.150 **
(0.065)
W(NCHILD' > 4) 0.627 %
(0.088)
HHELEC' x (NCHILD" > 4) -0.078
(0.112)
NCHILD! -0.329 *Hx_(.328 Rk (255 Rk (213 FRE (234 FRx (418 WK (447 FH*
(0.016) (0.020) (0.027) (0.017) (0.023) (0.028) (0.022)
HHELEC! -0.107 ** -0.103 *** -0.099 -0.060
(0.042)  (0.037) (0.083) (0.083)
HHELEC'! x NCHILD" -0.002 0.050
(0.034) (0.048)
Estimation OLS OLS OLS OLS OLS OLS OLS OLS
R? 0.010 0.204 0.204 0.219 0.267 0.218 0.211 0.224
N 2547 2547 2547 2547 2547 2547 2547 2547

Note: A constant term is included in each model (not reported). Robust standard errors are in the brackets. Statistical significance
at 10, 5, and 1 percent levels are denoted by *, **, and ***, respectively.



Now, we bring the discussion above into the regression context. We start with a
stripped-down specification that is consistent with the discussion above. We report
the regression results under various specifications based on the panel households in
Table 5.

Column (a) shows that the difference in the number of children between the
two rounds for electrified household (in Round 1) is on average smaller than Non-
electrified households by 0.109 children. In column (b), we control for NCHILD as
well, but the size of coefficient on electrification status (in Round 1) does not change
much. In column (c), we also include their interaction term (HH Electrified x NCHILD).
While both household electrification status and the interaction term are insignifi-
cant, the marginal impact of electrification is significantly different from zero when
there is one (P-value=0.066), two (P-value=0.006), or three (P-value=0.025) chil-
dren but it is not the case when there are four or more children.'”

Given the results in Table 4 and the fact that the P-value is smallest when
NCHILD=2, we hereafter take two as the main threshold value above which the
impact of electrification is most pronounced in the absence of household-level control
variables. We also check the robustness of our result with respect to the choice of
the threshold value.

In column (d), we include the indicator variable which takes the value one if
NCHILD> 2 in Round 1 but zero otherwise, as well as its interaction with HH
electrification status (i.e., HHELEC x (NCHILD! > 2)). As the table shows, both the
indicator variable and interaction term are significant. In columns (e)-(h), we vary
the threshold value from one to four. As column (h) shows, the impact of household
electrification status tends to diminish when there is already a large number of
children (greater than or equal to 4). However, the impact of electrification tends
to go up as we have more children ranging between one and three.

The statistical inferences so far have been based on heteroskedasticity-robust
standard errors. This is potentially problematic because the errors may be corre-
lated in the same location. In this case, a popular approach is to cluster the error
terms, for example, at the village level. However, in the data set we received, the
village code unfortunately appears to be somewhat problematic. For example, the
village code is missing for some households in Round 2 and appears inconsistent be-
tween the two rounds for some panel households. Further, the village data that was
collected together with the household data cannot be merged for a sizable fraction
of households by the village code.

Of course, even if the village code is completely wrong, so long as the error

17The marginal impact is calculated as oo + NCHILD! - BygpLEct x NCHILD! -
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terms are independently (and not necessarily identically) distributed, the use of
clustered standard errors would asymptotically lead to correct inferences because
of the nature of the sandwich estimators. However, in a finite sample, the use
of clustered standard errors can lead to both too conservative or too optimistic
estimates. In particular, when the effects of clustering is weak, clustered standard
errors may perform better than heteroskedasticity-robust standard errors. These
shortcomings notwithstanding, we have run OLS regression with the errors clustered
at the village level and found that the magnitudes of standard errors do not change
much.!®

An alternative to clustering would be to include fixed-effects terms. Because of
the issues with the village code mentioned above, we instead included the sub-district
fixed-effects terms in the regression. The inclusion of sub-district fixed-effects terms
does not alter the statistical significance of HHELEC!. In fact, both the coefficient
and standard errors remain similar.!® This indicates that the local conditions such
as geographic location, labor market condition, and existence of family planning
campaigns may not matter for the estimation of the impact of electrification.

There are, however, two issues with the use of the sub-district fixed-effects model.
First, they are highly collinear with our instrumental variables because the bound-
aries of PBS and sub-districts are closely related. Second, and more importantly,
they cannot be used in the probit-ordered-probit model due to the incidental pa-

rameter problem. For these reasons, we choose to report the robust standard errors.

Controlling for heterogeneity across households

One obvious problem with the specifications in Table 4 is that it does not controlling
for heterogeneity across households in observable characteristics. Therefore, we
report the change-on-level regression results based on eqgs. (10) and (11) with the

basic set of control variables in Table 6.

8Detailed results are reported in Table 17 in the Appendix.
Detailed results are reported in Table 16 in the Appendix.
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Table 6: Results for regressions with household-level control variables.

Dependent Variable: ANCHILD (a) (b) (c) (d) (e) (f) (g) (h)

M M=1 M=1 M=2 M=2 M =3 M =3

HHELEC' -0.065 * 2,024 **
(0.039) (0.812)

HHELEC! x ¥(NCHILD' > M) -0.062 SL787  RF 0,092 FF 2,622 ** 0116 * -3.315  **

(0.038) (0.812) (0.044) (1.136) (0.066) (1.449)
H‘(NCHILDl > M) -1.021 ¥ .0.311 -0.440  FF* 0.683 0.356  *** 1.698 ¥
(0.083) (0.347) (0.070) (0.510) (0.072) (0.613)

NCHILD! -0.358  FRE . _0.358  FFX _0.235 F¥¥ _(0.234 *¥FF O _0.261 FFF O 0.272  FKX 0442 FFX (0442 *x*
(0.022) (0.028) (0.022) (0.029) (0.025) (0.038) (0.032) (0.047)

Ratio of boys among children -0.142 ¥ .0.074 -0.114  ** -0.048 -0.155  *F* - .0.115 -0.137  *F* -0.066
(0.049) (0.075) (0.046) (0.070) (0.049) (0.072) (0.048) (0.074)

Head’s age 0.006 0.036 -0.017 0.006 0.021 0.056 -0.001 0.029
(0.033) (0.043) (0.031) (0.039) (0.035) (0.045) (0.033) (0.040)

Head’s age squaredf 0.001 -0.034 0.023 -0.005 -0.020 -0.060 0.010 -0.022
(0.043) (0.054) (0.039) (0.049) (0.044) (0.058) (0.042) (0.051)

Spouse’s age -0.007 0.005 0.107 ** 0.094 * 0.065 -0.049 0.008 -0.076
(0.043) (0.060) (0.043) (0.054) (0.045) (0.076) (0.044) (0.069)

Spouse’s age squaredf 0.005 0.007 -0.181  ** -0.142 -0.107 0.102 -0.021 0.126
(0.071) (0.098) (0.071) (0.090) (0.074) (0.134) (0.072) (0.118)

Head has some primary education 0.025 0.305 ** 0.018 0.237 * 0.013 0.254 * 0.018 0.158
(0.052) (0.138) (0.049) (0.124) (0.051) (0.133) (0.051) (0.100)

Head has some secondary education -0.091 -0.079 -0.065 -0.045 -0.093 * -0.076 -0.096 * -0.117
(0.056) (0.080) (0.054) (0.073) (0.055) (0.082) (0.056) (0.080)

Head has some matric education -0.001 0.069 0.007 0.059 0.017 0.050 0.006 0.061
(0.059) (0.094) (0.057) (0.083) (0.059) (0.094) (0.059) (0.094)

Spouse has some primary education 0.085 * 0.286  *** 0.094 * 0.261  *** 0.097 * 0.324 ** 0.091 * 0.286 **
(0.051) (0.109) (0.048) (0.100) (0.050) (0.127) (0.051) (0.117)

Spouse has some lower secondary education  -0.049 -0.110 -0.057 -0.115 -0.055 -0.072 -0.052 -0.081
(0.052) (0.078) (0.050) (0.072) (0.052) (0.077) (0.052) (0.076)

Spouse has some matric education -0.100 -0.037 -0.091 -0.056 -0.121  ** -0.145 -0.096 -0.098
(0.061) (0.102) (0.059) (0.088) (0.061) (0.101) (0.061) (0.091)

log (HH expenditure per capita) -0.243 0 _0.010 -0.224 0 _0.019 -0.254  *F* _0.034 -0.243  FF* 0 _0.115
(0.054) (0.123) (0.052) (0.117) (0.053) (0.124) (0.053) (0.096)

Estimation OLS GMM-1V OLS GMM-1V OLS GMM-1V OLS GMM-IV

R? 0.2211 0.283 0.2396 0.2289

1st Stage Robust F 6.25 HFE* 5.64 *F** 4.74  Fx* 4.63 K

Test of endogeneity 11.70  oeF 8.17 *¥* 11.33 ok 11.16  ***

OIR test 0.11 0.12 0.03 0.48

CLR test 12.54  HF** 8.86  *** 12.18 7k 12.72 Rk

N 2547 2547 2547 2547 2547 2547 2547 2547

Note: t denotes that the regressor is divided by 100. A constant term is included in each regression (not reported). Robust standard errors are in brackets. Statistical
significance at 10, 5, and 1 percent levels are denoted by *, **  and ***  respectively. In GMM-IV estimation, HHELEC or HHELEC x (NCHILD' > M) is treated as an
endogenous variable and instrumented with the age and system loss from the grid for each PBS. The null hypothesis for the CLR test is that the coefficient on the endogenous
variable is zero.



In column (a), the OLS regression of ANCHILD on the household electrifica-
tion status in Round 1 (HHELEC!), the number of surviving children in Round 1
(NCHILD'), and other covariates is reported. After controlling for various demo-
graphic and education characteristics and household’s standards of living, the coef-
ficient on HHELEC! remains negative and significant, albeit at a 10 percent level.

The GMM-IV counterpart of column (a) is reported in column (b), where HHELEC!
is instrumented by the age and system loss from the grid at the PBS level. As with
Table 2, we report some diagnostic statistics for GMM-IV, such as the first stage
robust F-statistic as well as the test statistics for the test of endogeneity, OIR test,
and CLR test at the bottom of the table. We again find that HHELEC! is en-
dogenous and that there is no evidence of misspecification. While the F-statistic
is somewhat small, the CLR test indicates that the statistical significance of the
coefficient on HHELEC! holds when its instruments are weak. Therefore, when the
endogeneity of the adoption of electricity is taken into account, the coefficient on
HHELEC! is even more statistically and economically significant.

Let us now consider the possibility that the impact of electrification depends
non-linearly on the current number of children. Similar to columns (e) to (g) in
Table 5, we replace the household electrification status by its interaction with an
indicator variable that NCHILD! exceeds a certain threshold M (i.e. ¥(NCHILD! >
M)) for M € {1,2,3}. The OLS regression estimates for these cases are given in
columns (c), (e), and (g), respectively, for M = 1, M = 2, and M = 3. Their
GMM-1IV counterparts are respectively reported in columns (d), (f), and (h).

As with the case of Table 5, the negative impact of electrification tends to be
larger when there are already more children, and the coefficients in the GMM-IV
regressions are more negative and significant than the corresponding coefficients in
the OLS regressions. This conclusion holds even when we use the CLR test. Further,
as with column (a), the interaction variable (i.e., HHELEC! x W¥(NCHILD! > M))
is found to be endogenous and the OIR test has passed at conventional levels of
statistical significance for all of the GMM-IV regressions.

Table 6 also shows that the coefficients on demographic and education char-
acteristics are mostly insignificant with two notable exceptions. One exception is
the ratio of boys among children. First, the spouse’s primary education is positive
and significant for all the models in the table. This may appear surprising given
the results in Table 2 and the importance of mother’s education to lower fertility
found in the literature. However, it should be reiterated that the dependent variable
is ANCHILD and the regressor NCHILD captures all the fertility behavior up to
Round 1 and the standards of living is controlled for by the logarithmic household
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expenditure per capita. Therefore, the positive coefficient on spouse’s primary edu-
cation likely reflects the fact that the child-bearing age tends to be higher for those
women who have at least some primary school education

Another notable exception is the ratio of boys among children. The coefficients
are all negative and significant in all the OLS regressions reported in Table 6. This
suggests the existence of preference for boys in rural Bangladesh. However, the
statistical significance goes away once we use the GMM-IV regression, because the
standard error associated with the coefficient goes up. Yet, the difference between
the OLS and GMM-IV estimates are well within the two times the standard errors
for the latter.

The coefficient on the logarithmic expenditure per capita exhibits a similar pat-
tern. The coefficients are all negative and significant in the OLS regressions. How-
ever, the statistical significance do not hold once HHELEC! is instrumented because

of the larger standard errors.

Additional Covariates

So far, we have only included a fixed set of covariates. However, there are potentially
a few concerns for omitted-variable bias in the specifications used in Table 6. First,
it could be argued that the mortality is related to electrification, presumably be-
cause a few incidents of child death could be prevented by using electricity-operated
appliances. If this is indeed the case, the coefficient on household electrification
status may be confounded with the reduced mortality. To address this issue, we add
the infant mortality rate at the sub-district level in 2005 to the specification used
in column (b) of Table 6. As shown in column (a) of Table 7, the coefficient on
the infant mortality rate is not significant and the coefficient on HHELEC! do not
change much.

In column (b), we control for the average number of hours that the wife watches
TV in a day to see if what Grimm et al. (2014) found is relevant in Bangladesh.
As shown in the table, the coefficient on TV watching hours is insignificant and the
coefficient of the interaction term remains unaffected. While we choose to treat this
variable as an exogenous variable, the qualitative implication does not change even
when TV is treated as an endogenous variable.

That is, we have also considered a specification (not reported) in which both
HHELEC! and the hours of TV watching are taken as endogenous variables. In this
specification, the point estimate on HHELEC! remains significant at a 10 percent
level whereas the coefficient on TV watching is insignificant. More importantly,
the test of endogeneity suggests that HHELECC! is endogenous but hours of TV

30



Table 7: Results for regressions with additional household-level control variables.

Dependent Variable: ANCHILD (a) (b) (c) (d) (e)
HHELEC! -2.033 *** 2124 **  _1.837 *** _1.969 **  -0.004
(0.735) (1.063) (0.696) (0.814) (0.042)
NCHILD! -0.358 ***  _(0.362 *** _0.354 *** _0.357 *FF* _(0.358 ***
(0.028) (0.028) (0.027) (0.027) (0.022)
Ratio of boys among children -0.074 -0.092 -0.074 -0.089 -0.140 ***
(0.074) (0.074) (0.072) (0.071) (0.049)
Head’s age 0.036 0.027 0.033 0.025 0.008
(0.043) (0.044) (0.041) (0.043) (0.032)
Head’s age squaredy -0.035 -0.026 -0.030 -0.022 -0.001
(0.054) (0.056) (0.052) (0.054) (0.041)
Spouse’s age 0.005 0.021 0.003 0.017 -0.010
(0.061) (0.063) (0.057) (0.060) (0.043)
Spouse’s age squaredf 0.007 -0.017 0.012 -0.010 0.010
(0.099) (0.101) (0.093) (0.096) (0.070)
Head has some primary education 0.306 **  0.274 * 0.278 **  0.256 **  0.032
(0.129) (0.143) (0.121) (0.117) (0.051)
Head has some lower secondary education -0.079 -0.086 -0.065 -0.071 -0.089
(0.080) (0.080) (0.077) (0.077) (0.056)
Head has some matric education 0.069 0.056 0.076 0.065 0.001
(0.093) (0.094) (0.088) (0.089) (0.059)
Spouse has some primary education 0.287 ***  (0.277 ** 0.278 *** (0.275 ***  (0.087 *
(0.102) (0.120) (0.101) (0.104) (0.051)
Spouse has some lower secondary education -0.111 -0.133 -0.086 -0.106 -0.044
(0.077) (0.087) (0.071) (0.076) (0.052)
Spouse has some matric education -0.037 -0.082 -0.039 -0.079 -0.086
(0.102) (0.099) (0.095) (0.093) (0.062)
log (HH expenditure per capita) -0.009 -0.144 * 0.013 -0.101 -0.214 *F**
(0.116) (0.086) (0.126) (0.090) (0.055)
IMR 2005 at sub-district level 0.000 0.000 -0.001
(0.002) (0.002) (0.001)
Hours of TV watching time by spouse 0.338 0.302 * -0.094 F**
(0.218) (0.165) (0.024)
Marginal land owner (0.05-0.49 acres) -0.097 -0.071 -0.013
(0.124) (0.124) (0.088)
Small land owner (0.50-2.49 acres) -0.144 -0.109 -0.042
(0.131) (0.130) (0.092)
Medium land owner (2.50-7.49 acres) -0.454 * -0.434 * -0.005
(0.232) (0.237) (0.106)
Large land owner (7.50+ acres) -0.507 -0.479 0.093
(0.332) (0.344) (0.156)
Estimation GMM-1V GMM-1V GMM-IV GMM-IV OLS
R? 0.2267
1st Stage F T.76 FFE 4,04 ** T.78 *¥F¥X (.53 Hk*
Test of endogeneity 14.09 *** 8.27 ***  11.67 ***  10.63 ***
OIR Test 0.11 1.36 0.24 1.58
CLR Test 15.01 *%* 9.73 *¥*x 12,63 **¥*  11.91 ***
N 2547 2547 2547 2547 2547

Note: GMM-IV estimation is used for all models. T regressor is rescaled by dividing by 100. A constant term
is included in each regression (not reported). Robust standard errors are in brackets. Statistical significance
at 10, 5, and 1 percent levels are denoted by *, **, and *** respectively. HHELEC! is instrumented with the
age and system loss from the grid for each PBS.
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watching is not. Therefore, we conclude that TV-watching is not an important
channel through which electrification negatively affects fertility in rural Bangladesh.

In column (c), we include several indicator variables for various land-holding
categories as proxy variables for overall wealth level. The purpose of including them
is to allow for the possibility that the change in the number of children depends may
depend not only the current standards of living but also on the overall wealth level.
We find that larger land owners tend to have a lower fertility but the coefficient is
statistically significant only for the medium landowners. Further, the inclusion of
the land-holding categories does not change much the coefficient on the household
electrification status in Round 1.

Finally, in column (d), we simultaneously include the infant mortality rate, hours
of TV watching, and land-holding categories. This again does not change the co-
efficient on HHELEC!. However, the endogeneity of the interaction term is very
important for our purpose. If we use OLS regression instead of GMM-IV regression,
the coefficient on interaction term is statistically insignificant and the coefficient on
hours of TV watching becomes negative and significant as shown in column (e). The
results reported in this table are qualitatively the same when we replace HHELEC!
with the indicator function of children exceeding two (i.e., ¥ (NCHILD! > 2) and
its interaction with HHELEC! (i.e., HHELEC' x W¥(NCHILD! > 2)).%0

Source of the Impact of Rural Electrification

In the discussion so far, we have only considered the possibility that the household-
level adoption of electricity affects the household’s fertility. However, it is plausible
that the way people behave is influenced by what their neighbors do, For exam-
ple, information that someone in an electrified household obtains from TV may be
transmitted to others in non-electrified households in the same village, which in turn
change their behaviors. Iit is also possible that the non-electrified households may
be affected by the adoption of electricity at the village, because, for example, it
leads to a better environment for child bearing and child rearing,

Therefore, we take the status of village electrification into account. To this
end, we denote the indicator variable that the village is electrified in Round ¢ €
{1,2} by VGELEC"?' To see if there is any evidence that VGELEC matters,
we separately analyze the following two sub-samples: (S1) those households that
reside in a village that was electrified village in Round 1 (i.e., VGELEC! = 1) and

29The details of regression results in this specification is reported in Table 13 in the Appendix.
21VGELEC is observed in the household-level data set. Therefore, the analysis is unaffected
even when the village codes are wrong.
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(S2) those households that reside in village electrified between the two rounds (i.e.,
VGELEC! = 0 and VGELEC? = 1). Because the households in sub-sample (S2) do
not have access to electricity from the grid in Round 1, we use the electrification
status in Round 2 (HHELEC?) instead of Round 1 (HHELEC!) in order to compare
the impact of electrification for the two sub-samples.

To see if there is any consequence of using HHELEC? instead of HHELEC!,
we first run the same GMM-IV regression as column (b) of Table 6 with HHELEC!
replaced by HHELEC? As reported in column (a) of Table 8, the results are generally
similar except that the point estimate is smaller in absolute value, even though
the difference is not significant. This result is not surprising because the impact
of electrification that occurred just before Round 2 survey would not show up in
ANCHILD. This result also indicates that the expectation of future electrification
is unlikely to be as important as the actual realization of electrification.

In column (b), we run the same regression as column (a) but only for sub-sample
(S1). Because households in electrified villages are likely to have been affected by
the village-level effect of electrification, the estimated coefficient can be interpreted
as the impact of electrification after net the village-level effect of electrification.

In column (c), we run the same regression for sub-sample (S2). Because the
village was electrified between the two rounds, the impact of the adoption of elec-
tricity in the village would be, if any, much smaller than that in sub-sample (S1).
This specification unfortunately suffers from the weak instrumental variable prob-
lem. This is not surprising because the instruments cannot predict the adoption
of electrification that occur within a relatively short time window between the two
rounds. As a result of this and the small sample size, the estimated coefficient is
insignificant. Hence, even though the point estimate of the coefficient on HHELEC?
is substantially larger in absolute value than that reported in column (b), we cannot
make a strong inference about the effect of village-level adoption of electricity.

To investigate further the village-level effect, we also run regressions by taking
the status of village electrification in Round 1 (VGELEC!) instead of HHELEC! as
an endogenous regressor. As reported in column (d), the impact of electrification
is found to be negative and significant. However, when we include both HHELEC!
and VGELEC! in the model, the former is found to have a negative and significant
impact on fertility whereas the latter is found to have a positive and significant
impact as reported in column (e).

In column (e), we treat only HHELEC! as an endogenous regressor. We also
run a regression in which both HHELEC! and VGELEC! are treated as endoge-
nous regressors (not reported). The test of endogeneity indicates that HHELEC!
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is endogenous whereas VGELEC1 is not. Hence, we have no apparent evidence of
mis-specification for the model in column (e).

The balance of evidence from Table 8 appears to indicate that there is a negative
effect of electrification on fertility at the household level but the effect is positive at

the village level.

Alternative variables for electrification

To see the robustness of our results, let us now consider a few alternative choices of
electrification variables. First, we take into account the outage of electricity. This
is potentially important because the impact of electrification is unlikely to be large
if electricity is unavailable most of time due to outage. To take into account, we
use OUTAGE?, or the proportion of time in which electricity was unavailable in the
village. However, because of the problems with the village code, the outage variable
was aggregated to the upazila level for about 60 percent of villages. For a very small
fraction of households, we needed to aggregate to a PBS level to merge the outage
variable.

In column (a) of Table 9, we replace HHELEC? with HHELEC? x (1-OUTAGE?)
in column (a) of Table 8, where the latter can be interpreted as the fraction of time
in which the household can use electricity. The results are similar except that the
point estimate becomes slightly larger in absolute value.

In column (b), we include HHELEC? and OUTAGE? separately, where only the
former is taken as the endogenous regressor, because only the former was found to
be endogenous in an unreported regression where both are treated as endogenous.
While the coefficient on OUTAGE is only marginally significant, this result show
that prolonged outage tends to offset the fertility-reducing effect of electrification.

In column (c), we replace HHELEC! with YRELEC!, or the number of years
in which the household has electricity, which is observed only in Round 1. As the
table shows, the results are consistent with the previous discussion. In households
with a longer history of access to electricity, the negative impact on fertility is
larger. When we include both HHELEC! with YRELEC! as endogenous regressors,
both were individually insignificant due to high collinearity but they were jointly
significant in weak-instrument-robust Anderson-Rubin test.

Finally, in column (d), we include the access to solar electricity in Round 1
(SOLAR!) in addition to the access to electricity from grid. We treat SOLAR! as
an exogenous variable. This specification in column (d) appears reasonable because

only the latter is found to be an endogenous variable in the test of endogeneity for an
unreported GMM-IV regression of ANCHILD in which both SOLAR and HHELEC
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treated as endogenous variables.

As column (d) shows, both SOLAR! and HHELEC! are found to have a signifi-
cant and negative coefficient. Further, their coefficients are close in magnitude. This
provides a partial support for our theoretical because the source of electricity should

not matter in our model provided that the same lighted hours are made available.

Discrete specifications

The linear models we used so far ignore the fact that both NCHILD and ANCHILD
are discrete variables. This is unsatisfactory, especially in the cross sectional regres-
sions, because the implied expected number of children can be negative. In this light,
Peters and Vance (2011) propose to use Poisson regressions. However, as discussed
in Section 1, the underlying assumptions for the Poisson model is highly restrictive
and thus it is unclear whether the Poisson model is necessarily better than linear
models. Furthermore, the Poisson model is not applicable to ANCHILD as they can
take a negative value.??

In this study, we propose a bivariate probit-ordered-probit (BPOP) regression
model to address this issue, where household electrification status is modeled with
a probit model and NCHILD or ANCHILD is modeled with an ordered probit
model, the details of which are given in Appendix A. There are three advantages
in this formulation. First, the ordered probit model is flexible with respect to the
relationship between the linear index (Xs,5> using the notations in Appendix A)
and the outcome (NCHILD or ANCHILD) because the threshold values can adjust
in the estimation. In comparison, the Poisson model imposes a rigid relationship
between the linear index and the outcome. Second, the BPOP model exploits the
correlation in the error terms and this helps us to obtain more accurate estimation
results than the estimation that doesn’t exploit the correlation. Finally, the ordered
probit models are more robust to outliers once the top (or bottom) categories are
merged. On the other hand, the linear and Poisson models we have considered are
sensitive to outliers.

Table 10 reports the BPOP regression results. In columns (a) and (b), we run a
BPOP regression of NCHILD and household electrification status for Rounds 1 and
2, respectively. As with previous models, the coefficient on household electrification
status is significant and negative. Further, the coefficients on demographic and

education covariates included in the model are qualitatively similar to those found

22Gince Peters and Vance (2011) only use a cross-sectional data, they only consider the number
of children as a dependent variable. When we use Poisson models, the results are qualitatively
similar as reported in Tables 14 and 15 in Appendix C.
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Table 10: Bivariate probit-ordered-probit regression results.

Column (a) (b) (c)

Data Round 1 only Round 2 only Panel

Dep var for probit model HHELEC HHELEC HHELEC
Ratio of boys among children 0.010  (0.028) -0.034  (0.055) 0.098 (0.070)
Head’s age 0.039 *** (0.013) 0.047 ** (0.018) 0.044 (0.044)
Head’s age squaredf -0.037 ** (0.015) -0.029 (0.019) -0.051 (0.055)
Spouse’s age -0.008 (0.016) -0.069 ** (0.029) 0.029 (0.061)
Spouse’s age squared 0.027 (0.023) 0.090 ** (0.040) -0.021 (0.100)
Head has some primary education 0.273 *** (0.030) 0.061 (0.058) 0.403 *** (0.075)
Head has some lower secondary education  0.037 (0.030) 0.050 (0.058) -0.007 (0.076)
Head has some matric education 0.048 (0.032) -0.033 (0.067) 0.095 (0.087)
Spouse has some primary education 0.243 *** (0.029) 0.217 *** (0.057) 0.313 *** (0.073)
Spouse has some lower secondary education 0.058 ** (0.029) 0.127 ** (0.056) -0.093 (0.072)
Spouse has some matric education 0.034 (0.037) 0.041 (0.076) 0.092 (0.098)
log (HH expenditure per capita) 0.309 *** (0.020) 0.243 *** (0.046) 0.321 *** (0.076)
Age of PBS 0.022 *** (0.002) 0.020 *** (0.005) 0.014 ** (0.007)
System loss of PBS -0.007 **  (0.003) -0.027 *** (0.007) -0.031 *** (0.009)
Dep var for ordered-probit model NCHILD NCHILD ANCHILD
HHELEC -1.050 *** (0.041) -0.951 *** (0.096) -0.947 *** (0.165)
NCHILD -0.377 *** (0.027)
Ratio of boys among children -0.042 *  (0.021) -0.182 *** (0.043) -0.130 ** (0.060)
Head’s age 0.085 *** (0.010) 0.060 *** (0.015) 0.006 (0.037)
Head’s age squaredf -0.060 *** (0.011) -0.044 *** (0.016) 0.000 (0.047)
Spouse’s age 0.156 *** (0.013) 0.184 *** (0.025) 0.022 (0.050)
Spouse’s age squaredf -0.163 *** (0.019) -0.191 *** (0.035) -0.043 (0.082)
Head has some primary education 0.182 *** (0.025) -0.040 (0.048) 0.151 ** (0.066)
Head has some lower secondary education  0.006 (0.025) 0.004 (0.046) -0.107 (0.066)
Head has some matric education 0.036 (0.026) -0.050 (0.052) 0.047 (0.072)
Spouse has some primary education 0.027 (0.024) -0.001 (0.048) 0.187 *** (0.062)
Spouse has some lower secondary education -0.060 *** (0.023) -0.051 (0.045) -0.062 (0.061)
Spouse has some matric education -0.098 *** (0.028) -0.153 *** (0.057) -0.096 (0.079)
log (HH expenditure per capita) -0.281 *** (0.026) -0.156 *** (0.040) -0.156 ** (0.068)
o 2080  (0.178) 2.676  (0.378) -4.121 (0.718)
e 3.649  (0.180) 3.424  (0.387) -3.616 (0.702)
cs 4471 (0.183) 4.417  (0.398) -3.154 (0.697)
ca 5.152 (0.186) 5.151 (0.405) -2.600 (0.691)
cs 5.692 (0.188) 5704  (0.410) -0.888 (0.670)
e 6.138  (0.191) 6.186  (0.414) 0.088 (0.660)
er 6.548  (0.193) 6.647  (0.418) 0.726 (0.654)
cs 6.913 (0.196) 6.975 (0.422) 1.277 (0.652)
o 0.651 (0.027) 0574  (0.061) 0.538 (0.102)
N 16369 4180 2547

Note: 1 denotes that the regressor is divided by 100. Robust standard errors in the bracket. Estimation is
carried out by maximum likelihood estimation. A constant term is included in each probit model. Statistical
significance at 10, 5, and 1 percent levels are denoted by *, ** and ***  respectively. For columns (a) and
(b), the base category is NCHILD=0 and k; to ks respectively correspond to the thresholds for one child
to eight children (and over). For column (c), the base category is ANCHILD=-4 and k; to ks respectively
correspond the thresholds for -3 to +4.
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in Table 2.

The table also shows that households that are richer and have a better educated
wife are more likely to adopt electricity in both rounds. As expected, the age of
PBS has a positive coefficient whereas system loss has a negative coefficient, though
age of PBS for Round 2 is insignificant.

At the bottom of the table, we also report the threshold values (x’s) for the
ordered probit model. For example, xj, for k € {1,--- 8} is the threshold value of the
latent variable for fertility (s, in Appendix A) above which the number of children
is equal to k or more. Therefore, the difference between the two contiguous threshold
essentially tells us how difficult it is to move to the next category (in terms of the
number of children). It can be seen from the table that the largest difference between
two contiguous thresholds occur for at the [ka, k3] interval in both rounds. Beyond
k3, the difference between two contiguous thresholds tend to decline. Therefore,
our model implies that the fertility-reducing effect of electrification is greatest when
the household has a high potential fertility computed from the observable indicators
(i.e., a high value of Xy,55).

The second row from the bottom reports the correlation p in the idiosyncratic
terms for the two underlying latent dependent variables. There is a high correla-
tion, which means that we can gain efficiency by simultaneously estimating the two
models. Thus, even if we are not intrinsically interested in the household electrifi-
cation status model, simultaneous estimation is still useful because the error term
contained in the household electrification status model is informative of the error
term in the NCHILD model. This can also be taken as evidence of positive selection.

In column (c) of Table 10, we report the BPOP regression for ANCHILD, which
can be thought of as a discrete analogue of column (b) in Table 6. In this model,
too, household electrification status remains significant. We also find that those
households who have primary education or more tend to have more children after
controlling for, among others, the expenditure per capita in logarithm. Overall,
we find from Table 10 that the level-on-level (columns (a) and (b)) and change-on-
level regressions (column (c)) provide similar implications because the coefficients
have the same signs wherever they are significant. Further, we also find that the
discreteness of the dependent variable does not alter the qualitative nature of our
results presented earlier. As with the linear case discussed earlier, the regression
results change only slightly when the error terms are clustered at the upazila level
for all columns in Table 10.

Because of the non-linearity of the BPOP regressions, it requires a caution to

quantitatively compare the results in Table 10 with GMM-IV regression results in
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Table 2 and column (b) of Table 6. To make quantitative comparisons, we calcu-
late the marginal impact of electrification by taking the difference A; in NCHILD
or ANCHILD for each household A in the expected number of children with and
without the adoption of electricity, given its household characteristics including the
adoption of electricity (See Appendix A for the formal definition of Aj). We then
take an average over all the households to arrive at the average marginal impact of
electrification on the number of children, which is -1.51 for Round 1 and -1.33 for
Round 2 based on columns (a) and (b), respectively. We have also computed the
average marginal impact on ANCHILD based on column (c), which is -0.89 children.
As expected, this number is smaller than the two figures mentioned above because
the latter refers only to the change in fertility over a five-year period.

It is possible to disaggregate the average impact by household characteristics.
Therefore, to check our argument made in Section 3 in a cross-sectional context,
we disaggregated the average marginal impact by the number of children. For both
rounds, the size of impact for those households with NCHILD> 2 is the substantially
larger than that for those households with NCHILD< 1.

7 Discussion

There have been a number of studies on the economic impacts of rural electrifica-
tion. However, a relatively small number of studies investigate the impact of rural
electrification on fertility in developing countries. While the idea that there may
be some relationship between the availability of electricity and fertility is not new
in itself, there remain a dearth of rigorous econometric analysis based on household
surveys.

Our main findings is that rural electrification negatively affects fertility, particu-
larly when the positive selection of the adoption of electricity is taken into account.
This finding is robust with respect to the choice of estimation method, the choice
of set of regressors, the choice of a measure of access to electricity, and the assumed
structure of error terms. This finding also has external validity. When we run re-
gressions similar to those reported in Table 2 using the Bangladesh Demographic
and Health Survey for 2004, we also obtain qualitatively similar results.

One obvious channel through which electrification affects fertility is through the
increase in the standards of living. As Table 1 shows, the increase in the average

household expenditure per capita is higher for the households that are electrified.??

231f we use the panel households only, the difference between electrified and non-electrified house-
holds is not as dramatic, but this point still holds.
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Because the coefficient of logarithm of per capita household expenditure is generally
negative though not always significant, electrification can indeed affect fertility nega-
tively through this channel. However, the persistence of the negative and significant
coefficient on the measures of the adoption of electricity, especially after controlling
for the endogeneity issue, suggests that there are likely to be other channels.

Our empirical findings are consistent with a simple theoretical model in which
the optimal number of children changes according to the status of electrification,
where the optimal number is driven by the changes in direct and opportunity costs
of children as well as the shape of utility function. The model predicts that the
proportion of the lighted time not spent on children increases as the household
is electrified. This prediction has empirical support in the analysis of time use in
Appendix B. However, unlike the existing studies done elsewhere, we find no evidence
that the fertility-reducing effect of electrification comes from longer TV-watching or
lower infant mortality in Bangladesh.

This study makes a few contributions to the literature. First, to the best of our
knowledge, this is the first panel study based on a household-level data-set. Because
of our data-set, we can estimate a model of fertility conditional on the existing
number of children. If we adopt the fixed-effects specification, we can also control
for all the time-invariant household-level characteristics, though this specification
has some drawbacks.

Second, unlike previous studies, we treat the endogeneity of the adoption of
electricity seriously. We exploit the infrastructure development and service delivery
of electricity as a source of exogenous variations in the adoption of electricity. Our
results show that the adoption of electricity is indeed endogenous and the negative
impact of electrification is even more pronounced once the endogeneity issue is taken
into account.

Third, we propose an alternative strategy to estimate the simultaneous deter-
mination of the adoption of electricity and fertility by the BPOP model, which has
a few distinct advantages as discussed in the previous section. We find that there
is indeed a moderately strong correlation in the unobserved error terms even after
controlling for various demographic and education characteristics. We argue that
the BPOP model can be used as an alternative specification to the linear or Poisson
regression models.

Finally, previous studies have ignored the dependence of the impact of elec-
trification on the current number of children. However, our theoretical argument
underscores this possibility. In various specifications we have considered, the nega-

tive impact of electrification on fertility tends to be small when there is no or only
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one child but it tends to become larger when there are two or more children.

The findings of this study entail at least two policy implications. First, our
study highlights the possibility that some infrastructure investments, such as rural
electrification, may have significant social impacts that go well beyond the types of
impacts typically considered in impact assessment studies. Second, this study also
shows that policy-makers cannot simply hope for lower fertility just by electrifying
villages. If they want to take into consideration the potential impact of electrification
on fertility in the design of an electrification project, it is essential to take into
account the current demographic characteristics of households, especially the current

number of children, in the potential project locations.
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Appendix A: Bivariate Probit-Ordered-Probit Model

Formally, the BPOP model can be written in the following manner: Let the latent
variable for the electricity access for household h € {1,--- | H} be y;,. We assume
that it is related to a vector of covariates Xi; by vyj, = X1x01 + €1, Where ey, is
the idiosyncratic error term standardized to have a zero mean and a unit variance.
We assume that the latent variable is related to the indicator variable 1, for the
adoption of electricity by yi, = 1(y;, > 0), where 1(-) is an indicator function that
takes one if the argument is true and zero otherwise.

As noted in Section 4, we only consider the fertility of the spouses of male-headed
households in which the household head has one and only one spouse. Because of this
choice, we can use index h for the fertility of the spouse (i.e., wife). We assume that

the latent fertility by v3), is related to a vector Xsy, of covariates by y3, = XopB2+¢€on,
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where eq;, is the idiosyncratic error term for the ordered probit model with a zero
mean and a unit variance. We allow Xy, to include y;;, but it does not include a
constant term. The index of latent fertility is related to the number of children?*
in the household by yop, = SE I(k < y3), < Kiy1) - k, where K is the maximum
number of children in the household, rj for k € {1,--- K} is the cutoff to be
estimated, kg = —00, and kg4 = +00.2°

Because there may be some omitted covariates that affect both fertility and
electricity access, it is important to allow for the possibility of correlation between
the idiosyncratic error terms for the two latent dependent variables. Therefore, we
assume that the error terms (e15,e9,) jointly follow a standard bivariate normal
distribution with correlation p. Therefore, the set of parameter to be estimated is
© = {5, Bay p, K1y -+, KK }-

We denote the cumulative distribution functions for the univariate and bivariate
standard normal distributions by ®; and ®,, respectively, where we use the following
for the simplicity of presentation: ®;(—o0) = Po(a, —00,p) = 0, ®1(c0) = 1, and
Dy (a,00,p) = ®1(a). We estimate the BPOP model by the maximum likelihood

estimator © mLE, which solves the following problem:

éMLE = arg maXH Z [Ahkl(ylh = 1) + Bhkl(ylh = 0)] I(ygh = /{3)7
h k

where Ay, and By, are defined as follows:

Apr = @1 (kpy1 — Xopfa) — P1(kx — Xonfa) — B
B = ®o(—= X101, kg1 — Xonfa, p) — Po(—=X1n 01, ki — Xonf2, p),

To find the marginal impact of electrification on fertility, we consider the ex-
pected fertility with and without electrification conditional on the current status of
electrification. To this end, We denote by X3, all the covariates for NCHILD other
than household electrification status and its coefficients by 49. The coefficient on
household electrification status is denoted by 3.

Now, let us consider a household that is currently electrified [not electrified].
Conditional on that, the probability that the number of children is equal to k is
given by Apr/®1(X1181) | Bux/®1(—X1161)]. Therefore, by replacing 31, 89, B3, K,
and p with the corresponding maximum-likelihood estimates Bl, BS , 621, ki, and p,

24We only consider the case where yy;, is NHCILD. However, the discussion is essentially the
same even when yop is DNCHILD.

25We take K = 8 in our empirical analysis, where k corresponds to the number of children except
that k = 8 corresponds to eight children or more. However, because there are very few observations
with NCHILD> 9, we do not distinguish between eight and above.
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we obtain the estimates of Apy, [Bpi]-
Now, we can consider the probability that the household has £ children condi-
tional on the household’s observable characteristics. For example, we can define ng

and B}, for non-electrified households in the following manner:

B, Do (—X1p P, g1 — X3, p) — Bo(—X1p 1, & — X959, p)
éik = (1)2(_X1h317 Cha1 — X2th — 5217 p) — %(-XmBh Cr — X&BS — 527 p).

We can similarly define A, and Al for electrified households. With these, we define

Ay, in the following manner:

K [ R .
_ Z B}, — By 1y, = 0) n (App — A%k)l(}hh =1)
— @1 (—Xinb1) Oy (X1n01)

By taking the average of A, over h, we have the average marginal impact.

Appendix B: Testing the signs of o' and !

In Round 1 survey, we have data on the wife’s time use. The dataset is not com-
pletely ideal because we only know how many hours a day on average each per-
son spends time on each of the following 18 activities: (1) listening to the radio,
(2) watching TV, (3) processing food, (4) collecting fuel, (5) working as an agri-
cultural worker, (6) working as a non-agricultural worker, (7) engaging in other
income-generating activities, (8) fetching water, (9) washing clothes and cleaning,
(10) cooking and serving, (11) eating, (12) bathing or caring body, (13) shopping,
(14) resting (excluding sleeping), (15) socializing, (16) doing religious practices, (17)
reading and studying, and (18) taking care of children. We denote the number of
hours spent on the j-th activity (1 < j < 18) by 7; and the total number of hours
spent on these activities by T' = Z1§jg18 Tj.

This list presumably covers most of the important activities that are carried
out during the lighted hours. However, there may be some other activities not
appropriately covered in this list. For example, if one has to commute to the work
place, it may not be captured in this list. Further, some of these activities such
as listening to the radio can be done without light or simultaneously with other
activities. However, because of the data limitations, we ignore these possibilities
and assume that the listed activities are the only activities performed during the
lighted hours and that they are carried out separately. Further, when we have a

missing value of 7; for some j, we treat the missingness as zero. To avoid including
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those households for which these treatments are problematic, we drop about 1.8
percent of observations for which 12 < 7T < 22 is not satisfied.

Since [ is the proportion of the lighted hours not spent on taking care of children,
we calculate [ by [ = 1 — 7g/T. Similarly, we calculate a by a = 115/7T'/n, because
it corresponds to the proportion of the lighted hours spent on taking care of each
child on average.

As is clear from the definition of «, this quantity can only be calculated only
from those households with at least one child. Even after excluding the households
without children, close to ninety percent of households report no time spent on
taking care of children. This, of course, may be because children are old enough to
take care of themselves. However the very high fraction of zero response appears to
indicate that taking care of children is most likely to be done in conjunction with
other activities.

Therefore, to test the signs of I’ and o/, we run regression of [ and o on HHELEC!
for households with non-zero a. For our main analysis, we use the sub-sample of
observations in which observed « is non-zero. As shown in Table 11, the coefficient
on HHELEC! is positive and significant for the regression of [, suggesting that I’ < 0
indeed holds. On the other hand, it is negative and insignificant for the regression
of a. Hence, we have evidence to support I’ < 0 and no evidence to suggest that o’

is positive or highly negative such that eq. (7) fails to hold.

Appendix C: Additional Tables

Table 12 provides the same set of summary statistics as those reported in Table 1 but
only for panel households. Tables 14 and 15 are the Poisson analogues of Tables 3

and 2, respectively.
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Table 11: OLS Regression of [ and « for Round 1 data.

(a) (b) () (d)

Dep var: [
HHELEC' 0.0096 *** (0.0088 *** 0.0007 * 0.0005
(0.0027) (0.0028) (0.0004) (0.0004)
Covariates N Y N Y
N 1047 1047 16076 16076
R? 0.0122 0.018 0.0002 0.0017
Dep var: «
HHELEC! -0.0034 -0.0023 -0.0003 -0.0001
(0.0022) (0.0020) (0.0002) (0.0003)
Covariates N Y N Y
N 1047 1047 14628 14628
R? 0.0023 0.2144 0.0001 0.0066

Note: OLS estimation is used for all models. Regressions for [ and o were

run separately. Statistical significance at 10, 5, and 1 percent levels are
denoted by *, ** and *** respectively. The standard covariates used in
column (b) and (d) are as follows: the ratio of boys among children, the
head’s age and its squared term, the spouse’s age and its squared term,
the head’s education (primary/secondary /matric), the spouse’s education
(primary/secondary /matric), and the logarithmic household expenditure
per capita.

49



0¢

Table 12: Key summary statistics for Rounds 1 and 2 by the electrification status of households, panel households only.

Description Round 1 Round 2

Non-electrified Electrified All Non-electrified Electrified All

(HHELEC!'=0) (HHELEC!'=1) (HHELEC?=0) (HHELEC?=1)
Head’s age 36.8 38.2 37.2 41.3 42.9 42.0
Spouse’s age 29.1 30.3 29.5 33.7 34.5 34.1
# surviving children spouse has given birth to 2.26 2.25 2.26 2.69 2.61 2.66
Ratio of boys among children under 15 (%) 50.3 53.5 51.2 51.7 52.3 52.0
Head has some primary education (%) 59.7 80.0 65.6 68.6 76.8 72.3
Head has some lower secondary education (%) 17.1 27.5 20.1 374 45.5 41.0
Head has some matric education (%) 8.6 14.5 10.3 19.5 24.1 21.5
Spouse has some primary education (%) 60.5 76.3 65.1 68.6 7.7 72.6
Spouse has some lower secondary education (%) 34.3 45.0 374 32.0 41.2 36.1
Spouse has some matric education (%) 10.2 16.4 12.0 10.5 13.0 11.6
Household expenditure per capita (Tk.) 28.5 32.0 29.5 60.4 68.9 64.2
Average hours of TV watching time by spouse 0.22 0.87 0.41 0.38 1.40 0.83
Landless (0.00-0.04 acres) 5.0 4.6 4.9 11.6 11.9 11.7
Marginal land owner(0.05-0.49 acres) 49.9 53.5 51.0 39.0 43.6 41.1
Small land owner (0.50-2.49 acres) 294 33.2 30.5 32.9 34.1 33.4
Medium land owner (2.50-7.49 acres) 13.6 7.6 11.8 14.0 9.0 11.8
Large land owner(7.50+ acres) 2.1 1.2 1.8 2.6 1.4 2.1
Number of observations 1484 1063 2547 1131 1416 2547

' The average was taken over those households with at least one child under the age of 15. Therefore, the number of observations used for this
calculation is about 10-15 percent lower than other rows in each round and each electrification status.



Table 13: Results for regressions with additional household-level control variables.

Dependent Variable: ANCHILD (a) (b) (c) (d) (e)
HHELEC' x J¥(NCHILD' > 2) -2.874 F 2,952 * 2379 *F 2809 **  -0.040
(1.216) (1.605) (0.965) (1.359) (0.046)
J(NCHILD! > 2) 0.799 0.781 0.581 0.731 -0.449 FFx
(0.547) (0.683) (0.437) (0.584) (0.071)
HHELEC! -0.273 FFX O _0.267 *** _0.268 ***  _0.264 **F*F _0.264 *F*F*
(0.040) (0.040) (0.036) (0.039) (0.025)
Ratio of boys among children -0.112 -0.131 * -0.112 -0.124 * -0.152 Hk*
(0.076) (0.075) (0.069) (0.073) (0.049)
Head’s age 0.058 0.051 0.053 0.048 0.023
(0.047) (0.048) (0.043) (0.046) (0.034)
Head’s age squaredf -0.062 -0.056 -0.056 -0.052 -0.021
(0.060) (0.062) (0.055) (0.059) (0.043)
Spouse’s age -0.058 -0.040 -0.039 -0.035 0.062
(0.080) (0.082) (0.070) (0.076) (0.045)
Spouse’s age squaredf 0.119 0.092 0.088 0.086 -0.103
(0.141) (0.147) (0.122) (0.135) (0.074)
Head has some primary education 0.277 * 0.235 0.232 ** 0.226 * 0.021
(0.142) (0.144) (0.117) (0.127) (0.051)
Head has some lower secondary education -0.074 -0.082 -0.060 -0.065 -0.092 *
(0.087) (0.086) (0.079) (0.085) (0.055)
Head has some matric education 0.053 0.040 0.060 0.055 0.020
(0.100) (0.100) (0.089) (0.096) (0.059)
Spouse has some primary education 0.349 ** 0.332 ** 0.316 *** (0.339 ** 0.099 **
(0.136) (0.153) (0.117) (0.142) (0.050)
Spouse has some lower secondary education -0.072 -0.095 -0.050 -0.068 -0.051
(0.082) (0.084) (0.073) (0.079) (0.052)
Spouse has some matric education -0.147 -0.206 * -0.137 -0.193 * -0.106 *
(0.107) (0.119) (0.093) (0.109) (0.062)
log (HH expenditure per capita) -0.010 -0.163 * -0.010 -0.110 -0.227 Fk*
(0.133) (0.091) (0.127) (0.100) (0.054)
IMR 2005 at sub-district level -0.001 -0.001 -0.001
(0.002) (0.002) (0.001)
Hours of TV watching time by spouse 0.363 0.335 -0.081 ***
(0.247) (0.207) (0.023)
Marginal land owner (0.05-0.49 acres) -0.184 -0.182 0.002
(0.145) (0.161) (0.088)
Small land owner (0.50-2.49 acres) -0.235 -0.225 -0.025
(0.156) (0.172) (0.092)
Medium land owner (2.50-7.49 acres) -0.564 * -0.611 * 0.011
(0.288) (0.352) (0.107)
Large land owner (7.50+ acres) -0.530 -0.566 0.073
(0.351) (0.412) (0.157)
Estimation GMM-IV ~ GMM-1IV ~ GMM-1IV ~ GMM-IV OLS
R? 0.2437
1st Stage F' 4.65 *** 2.87 * 5.95 *** 3.83 **
Test of endogeneity 13.00 *** 8.43 Fk¥x  11.31 *** 9.45 *¥*
OIR Test 0.03 0.82 0.12 1.20
CLR Test 13.83 *** 9.85 *¥* 1228 **¥* 11,16 ***
N 2547 2547 2547 2547 2547

Note: GMM-IV estimation is used for all models. { regressor is rescaled by dividing by 100. A constant term
is included in each regression (not reported). Robust standard errors are in brackets. Statistical significance
at 10, 5, and 1 percent levels are denoted by *, **, and ***, respectively. HHELEC! and its interaction terms
are instrumented with the age and system loss from the grid for each PBS.
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Table 14: Fixed-effects Poisson regression results.

Dependent Variable: NCHILD (a) (b) (c) (d) (e)
HHELEC 0.001 2.405 **F  0.601 **FF0.190 F*E(.079

(0.021) (0.490) (0.083) (0.037) (0.025)
HHELEC x #(NCHILD! > 1) 22470 Hkx

(0.489)
HHELEC x #(NCHILD' > 2) -0.699 ***
(0.085)
HHELEC x ¥(NCHILD' > 3) -0.320 ***
(0.042)
HHELEC x #¥(NCHILD' > 4) -0.265 ***
(0.040)

log (HH expenditure per capita) -0.124 *** .0.118 *** _0.116 *** -0.118 *** -0.121 ***
(0.018) (0.017) (0.017) (0.017) (0.018)

Wald y? 404.7 455.2 468.8 453.5 449.4
N 5050 5050 5050 5050 5050

Note: Robust standard errors in the brackets. Household-specific and round-specific fixed-effects
terms are controlled for in each model. Statistical significance at 10, 5, and 1 percent levels are
denoted by *, ** and *** respectively. There are 22 households (44 observations) for which
NCHILD=0 for both rounds and these households are excluded from the analysis.
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Table 15: Results for Poisson regressions with household-level control variables.

Dependent Variable: NCHILD Round 1 Round 2
Poisson IV-Poisson Poisson IV-Poisson

Mean (S.E.) Mean (S.E.) Mean (S.E.) Mean (S.E.)
HHELEC 0.000  (0.008) -1.864 *** (0.329) -0.014  (0.015) -1.094 *** (0.304)
Ratio of boys among children -0.028 *** (0.011) -0.019 (0.023) -0.080 *** (0.020) -0.104 *** (0.031)
Head’s age 0.054 *** (0.005) 0.086 *** (0.012) 0.026 *** (0.008) 0.042 *** (0.012)
Head’s age squaredf -0.040 *** (0.006) -0.069 *** (0.013) -0.019 ** (0.008) -0.029 ** (0.012)
Spouse’s age 0.131 *** (0.007) 0.155 *** (0.014) 0.132 *** (0.013) 0.137 *** (0.021)
Spouse’s age squaredf -0.154 *** (0.010) -0.177 *** (0.020) -0.149 *** (0.017) -0.156 *** (0.029)
Head has some primary education 0.042 *** (0.012) 0.233 *** (0.041) -0.024 (0.021) -0.004 (0.033)
Head has some lower secondary education -0.012 (0.013) 0.021 (0.026) -0.008 (0.022) 0.002 (0.033)
Head has some matric education 0.010 (0.013) 0.050 *  (0.028) -0.011 (0.025) -0.023 (0.038)
Spouse has some primary education -0.033 *** (0.012) 0.123 *** (0.037) -0.040 *  (0.021) 0.046 (0.038)
Spouse has some lower secondary education -0.052 *** (0.012) -0.021 (0.025) -0.051 ** (0.021) 0.003 (0.035)
Spouse has some matric education -0.076 *** (0.015) -0.055 *  (0.032) -0.103 *** (0.029) -0.088 *  (0.046)
log (HH expenditure per capita) -0.224 *** (0.012) -0.056 (0.045) -0.123 *** (0.018) -0.020 (0.034)
N 16369 16369 4180 4180

Note: 1 denotes the regressor is divided by 100. A constant term is included in each model (not reported). Robust standard
errors in bracket. Poisson regression is estimated by maximum likelihood estimation and IV-Poisson regression is estimated
by the cost-function method with HHELEC taken as an endogenous variable and age and system loss of PBS as well as all
the other regressors taken as exogenous variables. Statistical significance at 10, 5, and 1 percent levels are denoted by *, **
and *** respectively.
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Table 16: Results for basic-specification fixed-effects OLS regressions.

Dependent Variable: ANCHILD  (a) (b) (c) (d) (e) () (2) (h)
W(NCHILD' > 1) -0.790 ***
(0.084)
HHELEC! x ¥¥(NCHILD' > 1) -0.088 **
(0.041)
W(NCHILD' > 2) -0.196 ** -0.235 *k
(0.076) (0.065)
HHELEC' x J¥(NCHILD' > 2) -0.205 * -0.112 **
(0.123) (0.047)
W(NCHILD" > 3) 0.287 ok
(0.070)
HHELEC' x #¥(NCHILD' > 3) -0.123 *
(0.067)
W(NCHILD" > 4) 0.427 %%
(0.090)
HHELEC' x #(NCHILD' > 4) -0.023
(0.117)
NCHILD! -0.384 *Hk (384 FHk (0,335 Rk (282 FRE (315 *Fk* _(.450 K _(.463 F**
(0.016) (0.020) (0.029) (0.018) (0.024) (0.027) (0.022)
HHELEC! -0.086 * -0.091 **  -0.089 -0.050
(0.047)  (0.041) (0.085) (0.085)
HHELEC' x NCHILD" -0.001 0.048
(0.035) (0.049)
R? 0.066 0.334 0.334 0.341 0.370 0.341 0.338 0.342
N 2547 2547 2547 2547 2547 2547 2547 2547

Note: There are 173 sub-districts in the panel sample and fixed-effects terms for each sub-district is controlled for in each model.
Robust standard errors are in the brackets. Statistical significance at 10, 5, and 1 percent levels are denoted by *, ** and ***

respectively.
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Table 17: Results for basic-specification OLS regressions with village-level clustering.

Dependent Variable: ANCHILD (a) (b) (¢) (d) (e) () (2) (h)
W(NCHILD' > 1) -0.990 *#*
(0.084)
HHELEC' x #¥(NCHILD' > 1) -0.100 **
(0.042)
K(NCHILD® > 2) -0.307 *** -0.343 *i*
(0.072) (0.065)
HHELEC' x ¥(NCHILD' > 2) -0.216 * -0.130 %
(0.115) (0.048)
K(NCHILD® > 3) 0.375 ***
(0.077)
HHELEC' x #¥(NCHILD' > 3) -0.150 **
(0.072)
W(NCHILD' > 4) 0.627 %
(0.088)
HHELEC' x ¥(NCHILD' > 4) -0.078
(0.114)

NCHILD! -0.329 ***  _().328 ***

(0.018)  (0.021)

-0.255 FFE (213 K (234 FRE (418 FRE (447 ¥
(0.026)  (0.018)  (0.023)  (0.030)  (0.024)

HHELEC! -0.107 ** -0.103 **  -0.099 -0.060
(0.043)  (0.043) (0.088) (0.091)
HHELEC! x NCHILD! -0.002 0.050
(0.036) (0.046)
R2 0.013 0.204 0.204 0.219 0.267 0.218 0.211 0.224
N 2547 2547 2547 2547 2547 2547 2547 2547

Note: A constant term is included in each model (not reported). Standard errors in brackets are clustered at the level of 432
villages based on the village code in Round 1. Statistical significance at 10, 5, and 1 percent levels are denoted by *, ** and ***
respectively.
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