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1 Introduction

Access to electricity can potentially play a significant role in poverty reduction and the promo-
tion of economic growth in developing countries[l] It is an essential element for the adoption of
information and communications technology, provision of improved education and health care
services, and a range of industrial activities. Moreover, extended lighted hours allow people
to engage in various gainful activities—especially at night—which enable more flexible use of
time. While recent decades have witnessed a significant expansion in access to electricity, the
electricity supply coverage still remains low in many parts of the developing world.

Recognizing the importance of electrification for rural development, Bangladesh established
the Rural Electrification Board (REB) as early as 1977 to provide access to affordable and
reliable electricity in rural areas. However, because of a lack of resources and capacity, the
availability of electricity in rural areas has been severely limited in Bangladesh. As of the year
2000, only 21 percent of rural households had access to electricity in Bangladesh (NIPORT,
MA, and ORC Macro, 2001)). However, the pace of electrification has substantially accelerated
over the last decade. As of 2014, 51 percent of rural households had access to electricity from
the national grid. Once electricity from solar power is included, the proportion of electrified
households in the rural area rises to 65 percent (NIPORT, MA, and ICF International, |2014).

This significant improvement in the access to electricity has been accompanied by a notice-
able improvement in the status of child nutrition. In the year 2000, about 47 percent of rural
children under five were stunted, or abnormally short for their age and gender (NIPORT, MA,
and ORC Macro, 2001). The prevalence of stunting in rural areas dropped to 38 percent in
2014 (NIPORT, MA, and ICF International, |2014).

While the spread of the access to electricity and improvement in children’s nutritional status
may have simultaneously occurred by just pure coincidence, there are at least four reasons to
believe that a causal relationship may exist between them.

First, access to electricity may create new income opportunities. As a result, households

may be able to have more and better food and medication, which in turn leads to better

'For example, [Yang| (2003) and Shiu and Lam| (2004)), find that electricity consumption leads to poverty
reduction and economic growth in China. In Bangladesh, a similar finding is made by |Ahamad and Islam
(2011)). Also see |Cook] (2011) for a review of related literature.



nutritional status. Second, access to electricity allows people to use lights at night, which
enables them to engage in gainful activities that were previously difficult. This in turn may
reduce fertility (Fujii and Shonchoy), 2015) and improve the nutritional outcome through the
effect of the quantity-quality trade-off for children.

Third, the quality of the health care service provided in local clinics and hospitals may im-
prove as a result of electricity access, because much of the basic equipment in modern medicine
requires electricity. Finally, nutritional status may improve through the spread of informa-
tion. In particular, mass media such as television could act as a powerful device for spreading
important information about child care and nutrition to rural householdsf

Using three rounds of the individual-level Bangladesh Demographic and Health Surveys
(BDHS) data, we investigate the impact of rural electrification on the nutritional status of chil-
dren under five. To address the potential endogeneity of the households’ access to electricity,
we adopt the instrumental variable (IV) approach whereby the household electrification status
is instrumented by indicators of infrastructure development and quality of service delivery. Our
results confirm that rural electrification positively affects child nutritional status in Bangladesh.
We also investigate other plausible causal channels. Our empirical results show that the house-
hold’s wealth and fertility explain at least some of the positive effect, though the evidence for
fertility is weak. However, we find no evidence that the positive impact of electrification is
channelled through the local health facilities. We have inconclusive evidence for the existence
of causality through the channel of exposure to television.

As elaborated in Section [§], there may be causal channels other than these four. However,
circumstantial evidence suggests that some of them are not particularly relevant in Bangladesh.
Some other potentially important channels cannot be tested due to data limitation and these
channels may explain the remaining positive impact of electrification after taking into account
the causal channels of wealth and fertility. Therefore, even though our analysis of causal
channels rests on somewhat strong assumptions and its scope is limited by the availability of
data, this study offers a reasonably clear picture about some of the most important causal

channels. To the best of our knowledge, this is one of very few studies of the impact of rural

2For example, a popular TV show called Ujan Ganger Naiya (Sailing Against the Tide) aims to improve
maternal and newborn health through improved knowledge, though it started after our study period (see
http://www.bbc.co.uk/mediaaction/where-we-work/asia/bangladesh/mch).


http://www.bbc.co.uk/mediaaction/where-we-work/asia/bangladesh/mch

electrification on the nutritional status of children and the first study to analyze four distinct
channels of causality going from electrification to child nutrition.

This paper is organized as follows. Section 2 reviews the related studies and discusses the
relevance to and difference from existing studies. Section [3| provides a description of the data
and key summary statistics. Section [4] discusses the econometric specification and identification
strategy. Our main empirical results are presented in Section [5] followed by an exploration of
the channels through which electrification affects child nutritional status in Section[6] Section

checks the robustness of our main results and Section [8 concludes.

2 Review of Related Literature

The motivation for this study partly comes from Fay et al.| (2005), who ran regressions of child
health indicators on, among others, a basic infrastructure index—a principal component made
from indices of floor material, sanitation, and access to water and electricity—using aggregate
data from 39 countries and five asset quintiles. They find broadly positive effects of basic
infrastructure on child health. However, this result is not robust (Ravallion) 2007) and does
not directly show the impact of rural electrification. We contribute to the literature on the
impact of basic infrastructure on child nutrition by providing microeconometric evidence.
This study also relates to a growing body of literature on the impact of rural electrification in
developing countries. In this literature, researchers have investigated various aspects of the so-
cioeconomic impact of rural electrification. For example, positive employment or income effects
were found in Bangladesh (Khandker et al., |2009)), Kenya (Kirubi et al., [2009)), Benin (Peters
et all 2011), South Africa(Dinkelman|, 2011), and Nicaragua (Grogan and Sadanand, 2013)).
Several studies show that rural electrification is associated with lower fertility in Bangladesh
(Fujii and Shonchoy|, [2015), Brazil (Potter et al., 2002)), Colombia (Grogan, 2015)), Indonesia
(Grimm et al., 2014)), and Cote d’Ivoire (Peters and Vance, 2011). Studies also indicate that the
schooling of children is positively associated with rural electrification in Bangladesh (Khandker
et al., 2009), Brazil (Lipscomb et al. 2013) and Colombia (Grogan, 2015). Our study adds to
this body of literature by examining a new dimension of impact that has not previously been

studied.



This study also makes a contribution to a large body of literature on the consequences of
child undernutrition and the determinants of children’s nutritional status. Nutritional status
during early childhood is known to play a significant role in the determination of children’s
physical and cognitive development and various studies have underscored the importance of
early childhood investment in the literature (see, for example, Heckman and Masterov| (2007))
for the case of the US and Nores and Barnett| (2010) for a review of non-US studies). Studies
have also indicated that good nutrition is an essential element for good performance in school
(e.g., Glewwe et al. (2001)) in the Philippines, Alderman (2006)) in Zimbabwe, and |[Maluccio
et al.| (2009) in Guatemala). While the current study focuses on the impact on the nutritional
outcome of children and not on their educational outcomes, our results suggest that rural
electrification may have an indirect long-term positive impact on schooling through improved
nutritional status in addition to a direct impact through better lighting and access to various
electric devices for studying.

We build our model of nutrition using the extensive literature on the determinants of the
nutritional status of children. Existing studies show that the age and sex of the child, parental
education and sanitary facilities are among the most important determinants of a child’s nu-
tritional status (e.g., Frongillo et al. (1997); Haughton and Haughton (1997)); Li et al. (1999);
Novella (2013)) and these indicators are also used in this study. Income and health care are
also found to be important in some studies such as those of Banerjee et al|(2004)) in India and
Glewwe et al. (2002) in Vietnam. So we also include proxies for these variables in our model.
We also control for community-level characteristics, because the location of residence may be
important even after controlling for various individual- and household-level characteristics (Al-
derman), [2000)).

Despite a large body of literature on the determinants of the child nutrition, there is a
dearth of studies on the impact of rural electrification. To our knowledge, |Glewwe et al.| (2002])
is the only study that has some discussion on the nutritional impact of electrification. They find
that the lack of electrification in the commune health center negatively affects child nutrition
but the statistical significance disappears once the effect of unsanitary toilets in the commune
health center is included in their regression.

This study differs from Glewwe et al| (2002)) in several aspects. First, we address the



endogeneity of the electrification. Second, we consider the impact of electrification at the
household level rather than at the level of the commune health center. Third, we examine four
channels of causality and conduct robustness checks unlike Glewwe et al.| (2002) whose primary
interest was not the impact of electrification.

Finally, this study relates to a body of empirical studies in developing countries on the
quantity-quality trade-off for children first theorized by Becker and Lewis (1973). The existing
empirical studies so far provide mixed evidence for the presence of a quantity-quality trade-
off. For example, consistent with the quantity-quality trade-off theory, |Li et al| (2008) and
Rosenzweig and Zhang| (2009) find a negative effect of family size on children’s education.
Liu/ (2014)) also finds a significant and negative impact of child quantity on child height. In
Bangladesh, a quasi-experimental study by Joshi and Schultz (2013) evaluated the impact of the
Maternal Child Health and Family Planning program in the Matlab subdistrict. They found
that the treatment area had a significantly lower fertility and significantly higher schooling for
children aged between 6 and 14, a result which is deemed to be consistent with the quantity-
quality trade-off.

On the other hand, there are also studies that are at odds with, or provide no empirical
support for, the existence of a quantity-quality trade-off. For example, Qian| (2009)) finds a
positive effect from an additional child on the school enrollment of first-born children in China,
and |Angrist et al.| (2005)) find no evidence for a quantity-quality trade-off in Israel.

Most of these and other studies in the literature try to identify the quantity-quality trade-
off using twining, exogenous variations in family-planning policies, or both. Our approach to
the quantity-quality trade-off differs from these studies. Based the empirical study of rural
households in Bangladesh by [Fujii and Shonchoy| (2015), we first hypothesize that the fertility-
reducing effect of electrification is small when there is only one child but it is larger when there
are multiple children in the household. Thus, the fertility-reducing effect of rural electrification
does not have much impact on child nutrition for children without siblings. On the other hand,
the observed nutritional impact of electrification on children with siblings would come in part
from reduced fertility, because the sibling number may have been larger had the household not
had access to electricity. While our results are not strong, they provide some support for a

causal impact through the fertility channel in Bangladesh, which is consistent with the theory



of a quantity-quality trade-off for children.

3 Data

The main data source for this study is three rounds of BDHS data for the years 2000, 2004, and
2007. The BDHS is a nationally representative survey and a part of the worldwide Demographic
and Health Survey program. We use the records for children under the age of five in a rural
household with a mother aged between 15 and 49. While the BDHS data are also available
for the year 2011, we chose not to use them because the data do not allow us to distinguish
between electricity from the national grid and electricity from home solar panels. While this
point is true for earlier years, the electricity from the home solar panels is a relatively new
phenomenon and is not very important for earlier rounds of the BDHS (see |Khan and Azad
(2014))).

The BDHS data provide us with demographic and nutritional indicators, including the
height-for-age Z-score (HAZ) and a number of other individual- and household-level covariates.
The HAZ used in this paper is included in the BDHS data and is based on the WHO standard,
which is a widely used indicator for the long-term nutritional status of children (Behrman and
Deolalikar, [1988)). We construct our nutrition models based on existing studies of the determi-
nants of a child’s nutritional status. Our model includes both the proximal determinants and
socioeconomic determinants, where the former are closely related to the biological functions of
mothers and children or to specific maternal practices related to food intake, health, and care
giving, and the latter represent the resources necessary for achieving adequate food security,
care, and a healthy environment. As proximal determinants, we include demographic informa-
tion about the child and parents, height and weight of the mother, and toilet facility indicators
as a proxy for the sanitary condition of the household. As socioeconomic determinants, we
include the number of children, roof material, land ownership, and asset holdings.

Table [1| presents summary statistics for individual- and household-level variables from the
BDHS for 2000 to 2007 disaggregated by the electrification status of the household, where a unit
record is a child under the age of five. The first row of Table [1|shows that children in electrified

households are on average better nourished than those in non-electrified households. As Figurel]]



Table 1: Summary statistics by household electrification status.

Year 2000 Year 2004 Year 2007
Nonelec Electrified All Nonelec Electrified All Nonelec Electrified All
Child’s HAZ -2.19 -1.69 -2.08%** -2.15 -1.72 -2.02%*%F .1.94 -1.58 -1.81%**
(1.39)  (1.32) (1.39)  (1.32)  (1.32)  (1.34) (1.32)  (1.26) (1.31)
Basic
Child’s age (mth) 28.59 28.12 28.49 29.50 28.53 29.22 30.28 30.27 30.28
(17.35)  (17.88)  (17.46) (17.04) (17.23) (17.10) (16.97) (17.40)  (17.12)
Child is a boy 0.51 0.48 0.50 0.51 0.51 0.51 0.49 0.48 0.49
(0.50)  (0.50) (0.50)  (0.50)  (0.50)  (0.50)  (0.50)  (0.50) (0.50)
Mother’s age (yrs) 25.97 25.59 25.90 25.79 25.00 25.56 25.85 25.69 25.79
(6.61)  (5.97) (6.48)  (652)  (5.73)  (6.31)  (6.29)  (6.20) (6.26)
Mother’s education (yrs)  2.09 5.14 2.73%H* 2.60 5.00 3.30%**  3.40 5.99 4.31%%*
(2.97)  (3.82) (3.40)  (3.16)  (3.62)  (347) (3.59)  (4.12) (3.98)
Mother’s height (cm) 150.27 151.12 150.44***  150.42 150.46 150.43  150.11 150.87  150.38***
(5.20)  (5.46) (5.26)  (5.30)  (5.21)  (5.27) (5.24)  (5.16) (5.22)
Mother’s weight (kg) 42.39 45.63 43.06%**  43.27 45.91 44.03*%**  43.72 46.90 44 .85%**
(5.79)  (6.98) (6.20)  (5.89)  (7.75)  (6.60)  (6.04)  (7.81) (6.88)
Father’s education (yrs) 2.65 6.36 3.42%%% 2.84 5.43 3.59%%*% 295 6.18 4.09%**
(3.70)  (4.69) (421)  (3.68)  (4.40)  (4.08) (3.92)  (4.79) (4.52)
No. of surviving children  2.92 2.50 2.83%%* 2.90 2.40 2.75%F% 275 2.37 2.62%**
(1.74)  (1.51) (L70)  (L.73)  (1.41)  (1.66) (1.57)  (1.42) (1.53)
Use flush toilet 0.02 0.14 0.04%** 0.01 0.07 0.03%** 0.05 0.29 0.14%%*
(0.12)  (0.35) 0.20)  (0.12)  (0.26)  (0.17)  (0.23)  (0.45) (0.34)
Use pit latrine 0.38 0.63 0.43%** 0.42 0.70 0.50%** 0.20 0.21 0.21

(0.48) (0.48) (0.49) (0.49) (0.46) (0.50) (0.40) (0.41) (0.40)
‘Wealth Proxy

Cement roof 0.03 0.10 0.04%** 0.02 0.07 0.04%** 0.00 0.07 0.03%**
(0.17)  (0.30)  (021)  (0.15)  (0.25)  (0.19)  (0.07)  (0.26)  (0.16)
Rudimentary roof 0.68 0.82 0.71%** 0.84 0.91 0.86*** (.87 0.91 0.89%**
(0.47)  (0.38)  (0.46)  (0.37)  (0.29)  (0.35)  (0.33)  (0.28)  (0.32)
Own land 0.48 0.64 0.51%%* 0.50 0.63 0.54%** 0.42 0.57 0.47%%*
(0.50)  (0.48)  (0.50)  (0.50)  (0.48)  (0.50)  (0.49)  (0.49) (0.50)
Have wardrobe 0.13 0.51 0.21%%* 0.15 0.45 0.24%%* 0.23 0.60 0.36%**
(0.34)  (0.50)  (0.41)  (0.36)  (0.50)  (0.43)  (0.42)  (0.49)  (0.48)
Have table/chair 0.51 0.85 0.58%** 0.58 0.85 0.66%** 0.61 0.88 0.71%%*
(0.50)  (0.36)  (0.49)  (0.49)  (0.36)  (0.47)  (0.49)  (0.32)  (0.45)
Have bike 0.17 0.29 0.20%%* 0.20 0.31 0.23%*%* 0.19 0.36 0.25%**
(0.38)  (0.46)  (0.40)  (0.40)  (0.46)  (0.42)  (0.39)  (0.48)  (0.43)
Observations 3,029 814 3,843 2,905 1,167 4,072 2,061 988 3,049

Sample is weighted by the sample weight. The sample standard deviations are reported in parentheses. *** ** and *
indicate that the difference in means between electrified and nonelectrified households is statistically significant at the 1, 5,
and 10 percent levels, respectively.

shows, this observation is true even when we look at the difference between electrified and
nonelectrified households by mother’s age cohort for each round of the BDHS.E|

The observed difference in nutritional status between electrified and nonelectrified house-
holds cannot be attributed to the household’s access to electricity because electrified and non-
electrified households are systematically different. Table [1| shows that children in electrified
households have better educated parents and healthier mothers and enjoy better living condi-

tions than those in nonelectrified households, and these differences are significant. Therefore,

3Because the number of observations for children with a mother aged 40 and above is small, we only show
the cohorts of mothers aged between 15 and 39.



Figure 1: Mean HAZ by mother’s cohort and survey year
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we control for these indicators in the subsequent regression analysis.

As noted in the previous section, we will also consider specifications that include key
community-level characteristics, which are the time to district headquarters, ratio of certi-
fied doctors, distance to the nearest health facility, existence of a pharmacy in the community,
and the distance to the nearest pharmacy. The community-level variables are taken from the
community survey component of the BDHS dataset and are available for only years 2004 and
2007. The community in the BDHS data corresponds to a census enumeration area for the
2001 Population Census and is equivalent to a mauza in rural areas, with about 100 households
on average (NIPORT, MA, and ORC Macro, 2005; NIPORT, MA, and Macro International,
2009).

Even after controlling for a rich set of observable characteristics mentioned above, there
may remain unobserved heterogeneity that simultaneously affects the electrification status and
nutritional status of children. Therefore, we compiled indicators of infrastructure development

and service delivery for each Palli Bidyut Samity (PBS), or electricity cooperative, from the



Management Information System (MIS) published by the REBE] With technical support from
the REB, PBSs play a central role in the delivery of electricity to rural households in their area
of operation. There are currently over 70 PBSs in Bangladesh and each PBS typically supplies
an area of 600-700 square miles covering 5-10 subdistricts (upazilas/thanas).

We take the age of PBS as an indicator of infrastructure development at the location of
residence, because older PBSs tend to have a greater network within their geographic area of
operation. As an indicator of service delivery, we use the system loss from the grid because a
large system loss is an indication of poor delivery service in the area.ﬂ We expect the age to
be positively correlated with the electrification and negatively correlated with the system loss.
On the other hand, it is unlikely that these PBS-level indicators have a direct impact on the
nutritional status of children. Thus, we use them as instrumental variables for the household’s
electrification status. In the next section, we further discuss our identification strategy and the
potential threats to our identification.

Unfortunately, the BDHS data do not identify the PBS that serves the households in the
sample. Further, we do not have reliable digital boundary data for each PBS. Therefore, we
chose to merge the BDHS and PBS data by the district in which BDHS households and PBSs
are located. To this end, we combine the BDHS data with the Administrative Division of
Bangladesh (ADM) data using the coordinates (longitude and latitude) of the community that
BDHS households belong tof| This combined BDHS-ADM dataset allows us to find the district
that each BDHS household belongs to. Next, we convert the PBS data into district-level data.
Because the number of districts is slightly smaller than number of PBSs, there may be multiple
PBSs in a given district[] In this case, we take the maximum value for the age of PBS and
average value over all the PBSs in the district for the system loss from the grid. The resulting

data were then merged into the BDHS-ADM data.

4See http://www.reb.gov.bd/maps.

5In the MIS data we obtained, the system loss from the grid is available only for the years 2004 and 2007.

6The ADM data was extracted from the GADM database, version 2.0, December 2011. For further details,
see http://www.gadm.org/country.

"While the coverage of districts varies slightly across survey years, the BDHS data cover about 60 districts
each year.
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4 Econometric Specification and Identification Strategy

The basic nutrition model we adopt in this study is

where HAZ; is the HAZ for child ¢, E; is a dummy variable for an electrified household, and
X, is a set of covariates, which may include household demographic information, parental
education, mother’s health, wealth proxy variables, and community characteristics, depending
on the specification. The coefficient 8 on the electrified household dummy F; is the main
coefficient of interest. The error term ¢; is clustered at the community level.

When the Ordinary Least Squares (OLS) estimator is used to estimate eq. , the estimated
coefficient is biased if ¢; is conditionally correlated with F;. For example, suppose that the
wealth level of the child’s household is not controlled for. Then, it is likely that ¢; is correlated
with E; as richer households are more likely to adopt electricity. At the same time, children in
richer households tend to enjoy more food and better sanitation. In this case, the OLS estimate
of 5 will be biased upward because it also captures the effect of more food and better sanitation.
Therefore, we control for a variety of wealth proxy indicators, such as the land ownership, asset
holdings, and roof material.ﬂ We also include the child’s demographic characteristics, maternal
health indicators, and parental education to control for the heterogeneity across households.
Further, we include several community-level variables, such as the distance to the nearest health
facility in the community, because they are potentially important for the nutritional outcome
of children.

While it appears likely that these covariates would lessen potential concerns about the
omitted variable bias, it is not possible to exclude the possibility that ¢; is still conditionally
correlated with FE;. For example, it may be the case that children in electrified households
enjoy better nutritional status because their parents are the type who would take better care
of children than their counterparts in non-electrified households. In this case, the estimated

coefficient of § simply reflects the unobserved heterogeneity in parenting between electrified

8The wealth index included in the BDHS data is inappropriate for our purpose. See Appendix A for details.
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and non-electrified households.

To address this issue, we use the age of the PBS and system loss from the grid in the house-
hold’s district as instrumental variables for F;. The age of the PBS reflects the infrastructure
development in the district because older PBSs tend to have more extensive distribution net-
works than newer PBSs. We interpret the age of the PBS as a supply-side instrumental variable.
The system loss from the grid is interpreted as a measure of service delivery efficiency. When
this measure is high, the management of the PBS is likely to be poor and households may be
less likely to adopt electricity. Thus, we take the system loss from the grid as a demand-side
instrumental variable. Both instrumental variables are highly unlikely to have a direct impact
on the nutritional status of children.

However, there are some potential threats to our identification. For example, it may be
argued that better infrastructure development and service delivery are a result of better local
governance, which also leads to better local policy or a better environment for the children’s
nutrition. Alternatively, it could be argued that both the household’s electrification status and
the child’s nutritional status reflect the level of overall economic development in the location
of residence. In each of these cases, the instrumental variables estimator will be biased.

Therefore, we also run OLS regressions for a subsample of households in electrified commu-
nities, because this analysis allows us to remove the effect of unobserved heterogeneity between
electrified and non-electrified communities. We also run regressions with district-level fixed
effects Ay to control for district-level heterogeneity. As we shall show below, our main finding

that children in electrified households are better nourished is not overturned by these analyses.

5 Main Results

OLS regression results

Table [2] shows the OLS regression of the child’s HAZ on the electrification status of the house-
hold based on eq. for various specifications. Panel A reports the estimated coefficient (3
on the household’s electrification status for each survey year. The set of covariates for each

column is specified at the bottom of each panel. Basic (demographic, education, and sanitary
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condition) and Wealth Proxy (roof material, land ownership, and asset holdings) covariates are
those variables listed in Table [I] under these headings. Community variables are the time to
district headquarter, ratio of certified doctors, distance to the nearest health facility, existence
of a pharmacy in the community, and the distance to the nearest pharmacy. The constant term
is included in all specifications. In this section, we focus on the coefficient S but the detailed
results are available in Tables [I0] and [I1] in Appendix A.

Column (1) of Panel A in Table [2] shows that there is a strong positive relationship be-
tween the household’s electrification status and a child’s nutrition status. Without any other
covariates, the HAZ for children in electrified households tends to be higher than that for
children in non-electrified households by around 0.4 or more, depending on the survey round.
Obviously, this correlation is partly driven by the systematic difference between electrified and
non-electrified households.

Thus, we control for basic covariates in column (2) and additionally for wealth proxies in
column (3). The addition of these covariates reduces the size of the coefficient to around 0.2,
but the coefficient remains both statistically and economically significant.

As noted earlier, there may be unobserved heterogeneity between electrified and non-
electrified communities. To address this issue, we analyze subsamples of households in electrified
communities, where the status of electrification of the community is taken from the community
survey data. As shown in Panel B, the results are similar both quantitatively and qualitatively
to those in Panel A. Therefore, there is no evidence that the results in Panel A are driven by
the unobserved differences between electrified and non-electrified communities.

Table|10]in Appendix B also shows that the community-level variables are not important for
our purpose. First, they are individually mostly not significant and also jointly not significant.
Second, the inclusion of community-level variables does not change the absolute value of the
coefficient on the electrified household dummy much, as a comparison between columns (3)
and (4) makes clear. Furthermore, the community variables are not available in 2000. For
these reasons, we mostly omit the community-level variables from our analysis hereafter. The

results of column (5) will be discussed in the next section.
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Table 2: OLS regressions of household electrification status on child HAZ.

Child HAZ (1) (2) (3) (4) (5) Obs
Panel A (Full sample)
Coefficient on electrified household dummy

2000 0.515%**  (.180%**  0.171%** . . 3843
(0.056) (0.055) (0.057)
: . [1.50] : .
2004 0.453%** 0.211%** 0.181*** 0.179%** 0.206*** 4072
(0.052) (0.046) (0.048) (0.048) (0.054)
. . [4.03%%%] [1.19] [0.68]
2007 0.398%#*  0.203***  (.174%** 0.147** 0.123* 3049
(0.056) (0.057) (0.058) (0.058) (0.064)
. . [1.21] [1.82] [1.48]
Controls
Basic No Yes Yes Yes Yes
Wealth Proxy No No Yes Yes Yes
Community No No No Yes Yes
Community xEle com. No No No No Yes

Panel B (Households in a electrified Community only)
Coefficient on electrified household dummy

2004 0.492%%*  0.265***  (0.220%** 0.218%** . 2551
(0.059) (0.052) (0.055) (0.055)
. . [2.66**] [0.52]
2007 0.355%**  (.146%* 0.134** 0.127* . 1832
(0.065) (0.067) (0.066) (0.066)
. . [1.44] [0.37]
Controls
Basic No Yes Yes Yes
Wealth Proxy No No Yes Yes
Community No No No Yes

*xx % and * denote statistical significance at the 1, 5, and 10 percent levels. Standard errors
clustered at the community level are reported in parentheses. Below the parentheses, F-statistics
for the test of joint significance for the set of wealth proxy variables, community variables and
community variables interacted with the dummy variable for an electrified community are reported
in square brackets in columns (3) to (5), respectively. Basic and wealth proxy variables are those
listed under these headings in Table[l] Community variables are the time to district headquarters,
ratio of certified doctors, distance to the nearest health facility, existence of a pharmacy in the
community, and the distance to the nearest pharmacy in the community. The number of obser-
vations for columns (4) and (5) are slightly smaller because community-level variables are not
observed for some households. Detailed results are reported in Tables [10] and [11]in Appendix B.
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Table 3: TV regressions of the household electrification sta-
tus on child HAZ

Child HAZ (1) (2) Obs
Coefficient on electrified household dummy
2004 5.218 3.860 4072

(8.408)  (10.825)
Endogeneity test statistic  [5.869**]  [1.910]

OIR test statistic [0.039] [0.631]
2007 0.895%* 0.901** 3049
(0.396)  (0.423)
Endogeneity test statistic — [3.443%] 3.262%
OIR test statistic [0.094] [0.092]
Controls
Basic Yes Yes
Wealth Proxy No Yes

kR, and * denote statistical significance at the 1, 5,

and 10 percent levels, respectively. Clustered errors at com-
munity level are reported in parentheses. Basic and wealth
proxy variables are those listed under these headings in Ta-
ble[1] In all regressions, the household’s electrification sta-
tus is instrumented by the age of PBS and system loss from
the grid. The endogeneity and OIR test statistics are re-
ported in square brackets. Detailed results are reported in
Table 12/ in Appendix B.

IV Regression Results

Panel B of Table [2| allows us to address the potential issue of an unobserved heterogeneity
between electrified and non-electrified communities. However, it does not allow us to rule out
the possibility that unobserved household-level heterogeneity may be driving our results in

Table 2] Therefore, we use the age of the PBS and system loss from the grid as instrumental

variables for electrification.

Table [3| reports the instrumental variables estimation of eq. for the full sampleﬂ As this
table shows, the null hypothesis for the overidentification restriction test cannot be rejected
even at the 10 percent level in any of the reported regressions, indicating that there is no

indication of specification errors in our IV regression results. For the year 2004, the estimated

9See Table [12[in Appendix B for the detailed regression results.
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coefficient remains positive but is no longer significant because of the large standard error. On
the other hand, the coefficient is positive and significant in 2007. This difference may stem from
the fact that the IV is substantially weaker for the year 2004 than for the year 2007. This may
be because the recent expansion of rural electrification is better captured in 2007 and provides
more variation across districts.

While the results for year 2004 should be taken with caution due to the problem of weak
instrumental variables, the balance of evidence provided in this section suggests that the positive
impact of household electrification on the nutritional status of children cannot be attributed
to unobserved heterogeneity between electrified and non-electrified communities or between

electrified and non-electrified households.

6 Exploring the Channels of Causality

We now explore the channels through which the household electrification status positively
affects the nutritional status of children. As mentioned earlier, we investigate wealth, fertility,

health facilities, and television as potential channels of causality.

Wealth

The access to electricity may help households become richer through increased income oppor-
tunities made available from extended lighted time or through economic activities in which
electricity is vital. The increase in household wealth may in turn allow parents to afford, for
example, more food and better medicine for their children, leading to improvement in the nu-
tritional status of their children. Because we do not have a direct measure of wealth, we use
wealth proxies such as asset holdings and housing conditions for our analysis.

As can be verified from a comparison of columns (2) and (3) of Table 2 the inclusion of
wealth proxy variables reduces the estimated coefficient of § by around 0.045. This is not very
large relative to the standard error of the coefficient. Table [2| also shows that the joint test of
significance for the wealth proxy variables is statistically significant for the year 2004 but not

for the years 2000 and 2007, indicating the potential importance of wealth.
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Table 2| indicates that our main results are not driven by the better standards of living
enabled by access to electricity. This is because the estimated coefficient remains positive and
significant even after controlling for the wealth proxy covariates. To further elucidate this point,
we constructed a non-electricity-related wealth index for all households that are comparable
across all three rounds['] We then run a locally smoothed nonparametric regression (lowess) of
HAZ on this wealth index separately for electrified and non-electrified households. As Figure
shows, the graph is generally upward-sloping for both electrified and non-electrified households
for all rounds, though the comparison of HAZ for both low and high ends requires a special
caution because outliers can affect the results substantially and the estimates may not be
reliable as a result.

The upward slopes of the graphs in Figure [2| strongly indicate that wealth is indeed an
important determinant of the nutritional status of children. Figure [2| also shows that HAZ for
electrified households almost always lies above that for non-electrified household regardless of
the value of wealth index or the survey round. Consistent with this observation, we find that
the point estimates of 3 are all positive when regressions similar to column (2) of Table [2| are
run separately by wealth quintilesH However, the statistical significance of these estimates
depends on the year and wealth quintile, partly because the power of the test is weak due to
the small sample size. Our results overall indicate that although wealth is important, it is not
the only channel through which the positive impact of electrification on the nutritional status

of children occurs.

Fertility

Besides wealth, fertility is another possible channel through which electrification could affect
nutritional outcomes. This possibility is in part motivated by the empirical findings of |Fujii and
Shonchoy| (2015), who show with a panel data set that the expansion of rural electrification
leads to a reduction in fertility, especially for those households that already have multiple
children. To see whether their findings apply to the BDHS data, we regress the number of

children ever born to a woman aged between 15 and 49 in the household on the household’s

0Details are presented in Appendix A
HResults are available upon request.
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Figure 2: Nonparametric regression (lowess) of HAZ on wealth index by household electrifica-
tion status and survey year
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Table 4: Impact of household electrification on fertility

No. of Children Ever Born OLS v
2000 2004 2007 2004 2007
Electrified household dummy -0.22%F% - _0.20%F*  _(.24%F* -4.81 -1.56%**
0.05)  (0.05)  (0.06)  (3.18)  (0.46)
Boy ratio -0.10* -0.02 -0.12%* -0.03 -0.13**
(0.06)  (0.05)  (0.05)  (0.11)  (0.06)
Mother’s age (yrs) 0.07** 0.02 0.107%** 0.16 0.10%*
(0.03)  (0.03)  (0.04)  (0.12)  (0.04)
Mother’s age sq 0.00%**  0.00%**  0.00** 0.00 0.00*
(0.00)  (0.00)  (0.00)  (0.00)  (0.00)
Father’s age (yrs) 0.13*%*  0.10%**  0.07** 0.10%* 0.09%**
(0.02)  (0.03)  (0.03)  (0.04)  (0.03)
Father’s age sq -0.00%*%*  _0.00%** -0.00 -0.00%* -0.00*
(0.00)  (0.00)  (0.00)  (0.00)  (0.00)
Mother completed primary educ -0.19%*FF  _0.26%**F  _0.38*** 0.08 -0.31%%*

(0.06)  (0.06)  (0.06)  (0.27)  (0.07)
Mother completed secondary educ -0.52*%**  -Q.57*%F*  _(.69*** 0.42 -0.39%%*
0.07)  (0.07)  (0.07)  (0.69)  (0.13)

Mother has some higher educ S1.38%KK 4Kk ] TRk 0.07 -0.70%**
(0.15)  (0.11)  (0.12)  (0.95)  (0.22)
Father completed primary educ -0.10* -0.06 -0.06 0.43 0.05
(0.05)  (0.05)  (0.06)  (0.36)  (0.08)
Father completed secondary educ ~ -0.15%%  -0.21%** 0. 17** 0.57 0.10
0.07)  (0.06)  (0.07)  (0.53)  (0.13)
Father has some higher educ -0.38%FFF - _(0.38%FF  _(0.24%* 0.67 0.11
(0.10)  (0.08)  (0.10)  (0.75)  (0.17)
Observations 3,005 3,238 2,493 3,238 2,493
R-squared 0.65 0.66 0.64 0.55
Endogeneity test statistic 16.68%**  13.67***
OIR test statistic 0.95 0.13

Clustered standard errors at community level are in parentheses. *** ** and * represent
statistical significance at the 1, 5, and 10 percent levels, respectively. Electrification status is
instrumented by the age of the PBS and system loss from the grid for IV regressions.

electrification status E; as well as some demographic and education variables also used in Fujii
and Shonchoy| (2015). As shown in Table [4] the estimated coefficients on E; are all negative
and mostly significant. Thus, our results are consistent with the findings of [Fujii and Shonchoy
(2015), even though our results are based on simple cross-sectional regressions.

Because there are fewer children in electrified households, more resources can be potentially
allocated to each child in these households. This in turn means that each child may enjoy more
food and better care. Therefore, electrification may improve the nutritional status of children
through reduced fertility in the household. The most naive way to test this possibility is to

include the number of children who are alive at the time of interview in the set of regressors.
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This is indeed what was done in Table[2] As the detailed regression results reported in Table
in Appendix B show, the coefficient on the number of surviving children is always negative and
significant, which is consistent with the presence of the fertility channel.

To rigorously test the presence of a causal channel through fertility, it would be ideal if
we could exploit exogenous variations in sibling numbers using twining or heterogeneity in the
enforcement of a family planning policy, as is done in the empirical literature on the quantity-
quality trade-off for children. However, because we do not have clear exogenous variations to
exploit, we first take the indirect approach discussed in Section [2}

Based on the findings of [Fujii and Shonchoy| (2015), we assume that the fertility-reducing
effect of rural electrification is small for children without siblings but significantly positive for
households with two or more children. If this assumption holds, the observed nutritional impact
of electrification on children with siblings would come in part from reduced fertility, because the
number of siblings may have been larger had the household not adopted electricity. Further,
because a direct competition among siblings exists in these households but not in households
with only one child, the positive impact of electrification on the nutritional status of children
is less pronounced in the households with only one child.

Columns (1) and (2) of Table |5| report the OLS regression results for the subsample of
households with only one child. As the comparison of these results and those in Table
indicates, the point estimate for the subsample is noticeably smaller than that for the full sample
for the years 2000 and 2007. For example, when both Basic and Wealth Proxy covariates are
included in the model, the point estimate for the full sample is 0.171 in the year 2000, whereas
the corresponding figure for the only-child subsample is 0.101. However, the differences in
estimates between Tables [2] and [5] are smaller than the standard errors reported in Table
Furthermore, there is no clear pattern for the year 2004. Therefore, we are unable to draw a
strong conclusion about the quantity-quality trade-off.

As an alternative way to address the potential endogeneity of fertility decisions, we have
also used the desired fertility, or the number of children that the respondent wishes to have, as
an instrument for the number of surviving children. Because this instrumental variable reflects
household preferences, one may argue it is endogenous. However, there is no strong reason to

believe that it should be conditionally correlated with the nutritional status of children. More
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important, the overidentification restriction test detects no sign of specification errors at the
conventional levels of significance.

In columns (3) and (4) of Table[5] we report the results of instrumental variables regression
of HAZ on, among others, the household’s electrification status and the number of surviving
children with the latter instrumented by the desired fertilitym However, in all years and
regardless of whether the Wealth Proxy variables are included, the null hypothesis that the
number of surviving children is exogenous could not be rejected.

Therefore, we take the OLS analysis of the fertility channel as being a valid analysis. Further,
taking the analysis of the only-child sample as supporting evidence, our empirical results are,
by and large, consistent with the presence of the fertility channel, though the evidence is

admittedly weak.

Local Health Facilities

The third channel through which access to electricity may affect the nutritional status of chil-
dren is through the improvement of the conditions of local health facilities. With electricity, the
construction, operation, and management of local health facilities may become easier and more
talented health workers can be attracted. However, this causal channel is difficult to identify
because we do not have direct observations of local health facilities. Given this constraint, we
take community-level covariates, such as the time to district headquarters, ratio of certified
doctors, distance to the nearest health facility, existence of a pharmacy in the community, and
the distance to the nearest pharmacy, as proxies for the condition of local health facilities.

As a comparison of columns (3) and (4) of Table [2] shows, the orders of magnitude of the
estimated coefficients are not changed much relative to the sizes of their standard errors by the
inclusion of these community-level variables. One may argue that the community-level vari-
ables affect the nutritional outcome differently for electrified and non-electrified communities.
Therefore, we have also included in the set of regressors the interactions between community-
level variables and a dummy variable for electrified communities, as reported in column (5)

of Table The inclusion of the interaction terms makes the point estimate larger in 2004

12Based on endogeneity test statistics, the electrification status of the household is treated as exogenous in
columns (3) and (4).
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Table 5: Regression results for the analysis of the fertility channel

Child HAZ Only Child OLS Full Sample IV
L @ ® (4)
2000
Electrified household 0.109 0.101 0.119 0.097
(0.092) (0.092)  (0.091) (0.102)
No. of surviving children -0.725 -0.670
(0.587) (0.551)
[2.110] [1.859]
Observations 743 743 3842 3842
2004
Electrified household 0.195%  0.193*%* (0.192%** (0.168***
(0.101) (0.097)  (0.051) (0.052)
No. of surviving children -0.245 -0.210
(0.173) (0.174)
[0.696] [0.410]
Observations 867 867 4072 4072
2007
Electrified household 0.171*  0.121  0.167*** 0.136**
(0.095) (0.095)  (0.063) (0.065)
No. of surviving children -0.293 -0.298
(0.191) (0.196)
[1.649] [1.642]
Observations 690 690 3049 3049
Controls
Basic Yes Yes Yes Yes
Wealth Proxy No Yes No Yes

Clustered standard errors at community level are in parenthese

g, K

** and * represent statistical significance at the 1, 5, and 10 percent
levels, respectively. The number of surviving children is instrumented
by desired fertility for IV regressions. Endogeneity test statistics are

shown in square brackets.
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but smaller in 2007. Further, the change is substantially smaller than the standard errors of
estimated coefficients. Therefore, we have no evidence that the condition of the local health

facility is relevant to the positive impact of electrification on the nutritional status of children.

Television

The influence of television in developing countries has been documented in the recent economics
literature (e.g., Ferrara et al| (2012); Jensen and Oster| (2009)) and the impact of watching
television on the nutritional status of children has been debated in Bangladesh as well (Das
et al., 2014)). While the literature appears to have focused on weight-related indices, it is
plausible that watching television also has a long-term effect on children’s nutritional status.
For example, people with a television may be more aware of health-related information, which
in turn may lead to changes in health-related behaviors and improve the health outcomes of
children (World Bank| 2008).

In what follows, we use the possession of a television as a proxy for watching television.
While we observe some indicators related to watching television, the data are not comparable
across years and may be subject to respondents’ bias[”| The possession of a television, on the
other hand, is a clearly defined variable and comparable across years. Note, however, that the
possession and use of a television are not necessarily the same. There may be people who watch
television without possessing one (e.g., watch in a neighbor’s house). There may be also people
who do not watch television even though they own one. To try to understand the importance
of this issue, a regression of a dummy variable for watching television weekly on television
possession dummy was run using the data for the year 2000. This regression shows that the
coefficient is large (0.75) and is even significant at the 1 percent level.

To analyze the causal channel through the exposure to television, we start with the OLS
regression in which the dummy variable for the possession of a television is added to the set
of covariates, including the household’s electrification status. We exclude about 3 percent of

observations for each year where the household has a television without access to electricity.

13In the year 2000, the respondents were asked whether the mother watches TV every week. In the years 2004
and 2007, the respondents were asked to choose the frequency of watching TV from the following four options:
not at all, less than once a week, at least once a week, and almost every day.
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As reported in columns (1) and (2) of Table [, the OLS results are mixed[] In the years 2000
and 2007, we do not see any significant impact of television. The estimated coefficient of 5 on
the household’s electrification status does not change much from the corresponding results in
columns (2) and (3) of Table[2] Further, the coefficient for the possession of a television is close
to zero.

However, this is not true for the year 2004, in which the coefficient for the possession of a
television is positive and significant. Further, the absolute value of the estimated coefficient on
the household’s electrification status decreases by more than 0.6 when the television possession
dummy is included in the set of regressors in year 2004.

The OLS result is biased if the possession of a television is endogenous. Ideally, we would
like to exploit exogenous variations of television possessionﬂ However, because we do not
have such variations and because the OLS results are not consistent across years, we only have

inconclusive evidence about the causal channel through exposure to television.

7 Robustness Checks

So far, we have reported standard errors that are clustered at the community level. However, it
could be argued that the error terms may be correlated at a higher level of aggregation, which
in turn may make our estimated standard errors too optimistic. For example, the local disease
environment, which affects the nutritional status of children, is likely to be correlated at a level
that is larger than a community. It could also be argued that local infrastructure or levels of
development that go beyond the boundaries of the communities may simultaneously affect the
household’s electrification status and the nutritional status of children.

To address these concerns, we also ran OLS regressions of HAZ on the household’s electri-

MDetailed results are reported in Table [13|in Appendix B.

15 We ran instrumental-variables regressions using the bordering with India on the west as an instrument for
the possession of television. This is potentially a valid instrument because people have been watching Indian
channels since the late 1980s when the only official channel on a ir was the state-run Bangladesh Television
(Rahmanl, [2011)) and people living close to the Indian border generally have better reception of television signals
from India. Indeed, those living in districts sharing their western borders with India have a higher rate of
television possession (26 percent of households in 2007) than the rest of Bangladesh (18 percent of households
in 2007). While we did not get results that overturn our main conclusion that the impact of electrification has
a positive impact on the nutritional status of children, regression results using this IV are not robust because
the instrument is weak.
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Table 6: The impact of television on child HAZ using the
OLS method.

HAZ
(1) (2) Observations
2000
Electrified household 0.196***  (0.191%** 3744
(0.068) (0.068)
TV possession -0.018 -0.022
(0.101) (0.102)
2004
Electrified household 0.138***  0.116** 3927
(0.052) (0.052)
TV possession 0.242%*%  (0.223***
(0.068) (0.070)
2007
Electrified household 0.177*%%*  (.152%* 2925
(0.066) (0.067)
TV possession 0.083 0.056
(0.077) (0.079)
Controls
Basic Yes Yes
Wealth Proxy No Yes

ok Rk and * denote statistical significance at the 1, 5, and

10 percent levels, respectively. Clustered errors at commu-

nity level are reported in parentheses. Detailed results are
reported in Table [13]
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fication status and other covariates with various fixed-effects terms. Columns (1), (2), and (3)
of Table 7| report regression results with district-specific fixed-effects terms (\y) for years 2000,
2004, and 2007, respectively. As a comparison of the coefficients for the household’s electrifica-
tion status in these columns and column (3) of Table [2/show, the inclusion of the district-specific
fixed effects did not alter the results much. We also ran a similar regression using the data
pooled across three rounds. In column (4), we include both time-specific fixed-effects terms
(\¢) in addition to district-specific fixed-effects terms. In column (5), on the other hand, we
include district-time-specific fixed-effects terms (Az). In both cases, the order of magnitude of
coefficients for the electrified household dummy is comparable to those in Table

Our reported regression results so far ignore sample weights. Therefore, we have also checked
the robustness of our results by running regressions with sample weights and verified that the
results are generally similar. Thus, our main result that electrification has a positive impact
on the nutritional status of children is robust with respect to the choice of the survey round,

the choice of error structure, and whether we apply sample weights.

8 Conclusion and Discussion

In this paper, we have demonstrated that access to electricity has a positive and statistically and
economically significant impact on the nutritional status of children with most point estimates
exceeding 0.15. This main conclusion does not change even when we allow for the potential
endogeneity of the electrification. It is also robust with respect to the choice of the year
of analysis, assumption about the underlying error structure, and whether sample weight is
applied.

We have also investigated the mechanisms through which electrification positively affects
the nutritional status of children. We have considered wealth, fertility, local health facilities,
and exposure to television as plausible channels of causality. Among these, we have some
support for the wealth and fertility channels, even though the evidence for the latter is weak.
On the other hand, we have no clear evidence for local health facility channel and the evidence
for causality through the channel of exposure to television is also inconclusive.

These four channels are not the only possible channels through which electrification may
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Table 7: Fixed-effects regression of household electrification status on HAZ.

HAZ 2000 2004 2007 Pooled Pooled
W) 2) (3) (4) (5)
Electrified household 0.159%**  0.178%*F*  (.135%* 0.163***  (0.159%**
(0.060)  (0.048)  (0.059)  (0.029)  (0.030)
Child’s age (mth) -0.077F*FF L0.074%FF _0.078%FF  _0.076%F*  -0.076%**
(0.005)  (0.005)  (0.005)  (0.003)  (0.003)
Child’s age sq 0.001%**  0.001***  0.001***  0.001*%**  0.001***
(0.000)  (0.000)  (0.000)  (0.000)  (0.000)
Child is a boy -0.013 -0.036 0.090** 0.004 0.006
(0.041)  (0.038)  (0.044)  (0.022)  (0.022)
Mother’s age (yrs) 0.079***  0.055%* 0.021 0.056***  0.057***
(0.023)  (0.023)  (0.029)  (0.014)  (0.014)
Mother’s age sq -0.001**  -0.001 -0.000 -0.001*%**  -0.001***
(0.000)  (0.000)  (0.001)  (0.000)  (0.000)
Mother’s education (yrs)  0.022** 0.008 -0.003 0.010** 0.009*
(0.009)  (0.007)  (0.008)  (0.005)  (0.005)
Mother’s height (cm) 0.046*%F*  0.046***  0.059***  0.050***  0.050***
(0.005)  (0.005)  (0.005)  (0.003)  (0.003)
Mother’s weight (kg) 0.021%**  0.020***  0.012%¥**  (0.018%**  (.018***
(0.004)  (0.004)  (0.004)  (0.002)  (0.002)
Father’s education (yrs) 0.016** 0.003 0.016** 0.012%**  (0.012%**
(0.007)  (0.006)  (0.006)  (0.004)  (0.004)
No. of surviving children -0.079*** -0.082*** -0.027 -0.066***  -0.065***
(0.019)  (0.020)  (0.023)  (0.012)  (0.012)
Use flush toilet 0.062 0.248%* 0.092 0.136** 0.103*
(0.094)  (0.130)  (0.072)  (0.055)  (0.056)
Use pit latrine 0.021 0.085 0.098* 0.072** 0.065**
(0.053)  (0.052)  (0.057)  (0.032)  (0.032)
Cement roof 0.143 0.115 0.066 0.076 0.123%*
(0.112)  (0.119)  (0.187)  (0.071)  (0.073)
Rudimentary roof 0.036 0.033 0.025 0.045 0.031
(0.064)  (0.081)  (0.094)  (0.045)  (0.045)
Own land 0.035 0.082* 0.031 0.048* 0.050*
(0.046)  (0.044)  (0.053)  (0.028)  (0.028)
Have wardrobe 0.025 0.117** 0.040 0.050 0.061*
(0.054)  (0.053)  (0.063)  (0.033)  (0.032)
Have table/chair 0.062 0.101%* 0.048 0.081***  (0.081***
(0.051)  (0.050)  (0.058)  (0.031)  (0.031)
Have bike -0.070 0.000 0.055 -0.004 -0.012
(0.061)  (0.053)  (0.054)  (0.033)  (0.033)
Specification Ad Ad Ad Ad+ A\ At
Observations 3,843 4,072 3,049 10,964 10,964
R? 0.219 0.238 0.237 0.219 0.231

*Hk ** and * denote statistical significance at the 1, 5, and 10 percent levels, respec-

tively. Standard errors clustered at the community level are reported in parentheses.
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affect children’s nutritional status. For example, the use of refrigerators may lead to better
preparation and preservation of food. This in turn may reduce the prevalence of diarrhea and
malnutrition. However, in rural Bangladesh, the impact of refrigerators is likely to be limited
because only 6.2 percent of the households had a refrigerator even in 2011 (NIPORT, MA, and
[CF International, 2013). Similarly, electricity can potentially replace the use of traditional fuel
for cooking, which in turn may improve the health environment in the household. However, the
use of electricity for cooking is rare in Bangladesh. Therefore, this is unlikely to be an important
channel, although it is worth noting that electrification is associated with the switching from
traditional to modern fuels in urban areas (Barnes et al., 2005, p.32).

There are at least two possible channels of causality that may be potentially important
and able to explain the positive impact of electrification on the nutritional status of children
but cannot be empirically tested due to limitations of the data. First, as Fujii and Shonchoy
(2015) show, time use may be altered as a result of electrification. It is plausible that the use
of lighting allows households to take a better care of children at night. The improved lighting
also helps them keep their house tidy and improve the indoor air quality by switching away
from candles and kerosene lamps.

The second potentially important channel of causality is the reduction of the burden of fuel
collection due to the electrification of the household. As Srilatha Batliwala (1982) discusses
in the case of India, this reduced burden may in turn reduce caloric consumption and lessen
the burden on the mother’s body, leading to a better nutritional status for the children. Our
empirical results are consistent with this possibility, because the mother’s health indicators
are positive and significant in most specifications (See also Tables |7 and (10| in Appendix B).
However, direct observation of fuel collection would be needed to establish this causal channel.

This study also has some policy implications. First, it is critically important to evaluate
infrastructure programs such as rural electrification from a broad perspective. This is because
the impact may go well beyond the narrowly-defined economic benefits in a typical cost-benefit
analysis. Second, once the additional social benefits of electrification—such as the improved
nutritional status of children— are well recognized, governments around the developing world
may be encouraged to invest in basic infrastructure, which is severely lacking in Bangladesh as

well as in the rest of South Asia and sub-Saharan Africa.
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Appendix A: Construction of Wealth Scores

BDHS data include a single wealth index for each household derived from a principle component
analysis, details of which are discussed in [Rutstein and Johnsons (2004). However, as noted in
NIPORT, MA, and Macro International (2009), the BDHS wealth index is a single asset index
developed for the entire sample with no distinction made between urban and rural households
(see also [Rutstein (2008)). Therefore, the scoring matrix may not be the most appropriate one
for a rural-focused analysis like this study. Moreover, the BDHS wealth index is calculated
separately year by year, which makes it impossible to compare over time. Furthermore, the set
of variables used for the BDHS wealth index includes dummy variables for living conditions
representing intermediate quality. This makes the interpretation of the BDHS wealth index
difficult. In addition to these issues, the constructed wealth index should not directly reflect
the electrification status of the household for the analysis in Figure[2]to be meaningful. However,
the BDHS wealth index violates this constraint.

Therefore, we choose to use the possession of non-electric durable goods and dwelling char-
acteristics corresponding to the worst quality among all choices in the data in our principal
component analysis. To ensure the comparability of the wealth index across different rounds,
we only use those variables which are available in all three rounds of the BDHS. The exact
set of variables used for the principal component analysis and the scoring coefficients for the
first principal component are reported in Table[8] The wealth index used in Figure [2]is simply
the first principal component. As Table |8/ shows, the coefficients have a positive [negative] sign
for indicators associated with higher [lower| wealth. The eigenvalue of the first principal com-
ponent is 2.520, which is much larger than those of second (1.187) and higher-order principal
components.

Table [9] provides summary statistics for our wealth index. This table clearly shows the in-

creasing trend of the wealth index over time, reflecting the healthy economic growth Bangladesh
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Table 8: Scoring coefficients

Variable Scoring coeflicients
Have radio 0.195
Have bike 0.183
Have motorcycle 0.112
Have phone 0.088
Have wardrobe 0.252
Have table/Chair 0.266
Own land 0.204
Surface water -0.058
Bush/field latrine -0.166
Natural wall -0.237
Natural roof -0.205

Surface water refers to getting drinking
water from rivers, lakes, ponds, etc. Nat-
ural wall refers to wall materials such as
bamboo and mud. Natural roof refers to
roof materials such as bamboo or thatch.

Table 9: Summary statistics for wealth index by survey year.

Survey year Obs  Mean SD Min Max

2000 3843 -0.2577 1.0566 -2.3621 3.6670
2004 4072 0.0385 1.0019 -2.3621 3.6670
2007 3049 0.0954 0.9577 -2.3621 3.6670

Unweighted sample statistics
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Figure 3: Boxplots of wealth index by survey year and household’s electrification status.
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has experienced during our study period. Figure 3| provides a box plot of wealth index by elec-
trification status. This plot shows that electrified households are generally wealthier. This
figure also shows that few non-electrified households have a wealth index above 2.3 and few
electrified households have a wealth index below -1.8. Therefore, the comparison of HAZ in
Figure [2| for wealth scores outside the range between -1.8 and 2.3 requires a special caution
because the estimates are not very reliable for electrified households, non-electrified households,

or both.

Appendix B: Detailed Regression Tables

Tables [10] and [T1] show the detailed regression results for Table[2] Tables[12] and [13] provide the
detailed results for Tables [3| and [6] respectively.
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Table 11: Detailed OLS regression results for Panel B, Table .

HAZ 2004 2007 2004 2007 2004 2007 2004 2007
Electrified household 0.492%*%* (0.355%** (0.265%**  0.146%*  0.220%**  0.134**  0.218***  0.127*
(0.059)  (0.065)  (0.052)  (0.067)  (0.055)  (0.066)  (0.055)  (0.066)
Child’s age (mth) -0.070%** -0.069*** -0.070*** -0.068*** -0.070*** -0.068%**
(0.006)  (0.007)  (0.006)  (0.007)  (0.006)  (0.007)
Child’s age sq 0.001***  0.001*** 0.001*%** 0.001*** 0.001*¥** 0.001***
(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)
Child is a boy -0.033 0.134** -0.023 0.130** -0.021 0.118**
(0.047)  (0.057)  (0.047)  (0.057)  (0.047)  (0.057)
Mother’s age (yrs) 0.089*** 0.021 0.087*** 0.025 0.085*** 0.022
(0.027)  (0.037)  (0.028)  (0.037)  (0.028)  (0.037)
Mother’s age sq -0.001%* -0.000 -0.001%* -0.000  -0.001** -0.000
(0.000)  (0.001)  (0.000)  (0.001)  (0.000)  (0.001)
Mother’s education (yrs) 0.014 -0.005 0.006 -0.008 0.006 -0.006
(0.010)  (0.010)  (0.010)  (0.010)  (0.010)  (0.010)
Mother’s height (cm) 0.044***  0.060*** 0.044*** 0.060*** 0.044*** 0.060***
(0.006)  (0.006)  (0.006)  (0.006)  (0.006)  (0.006)
Mother’s weight (kg) 0.025%**  0.014*** 0.024**%* 0.014*** 0.025%** 0.014%**
(0.005)  (0.005)  (0.005)  (0.005)  (0.005)  (0.005)
Father’s education (yrs) 0.004 0.012 0.000 0.010 0.001 0.009
(0.007)  (0.007)  (0.008)  (0.008)  (0.008)  (0.008)
No. of surviving children -0.107%%*  -0.042 -0.102***  -0.040 -0.101***  -0.043
(0.022)  (0.028)  (0.022)  (0.028)  (0.023)  (0.029)
Use flush toilet 0.304**  0.200%* 0.211* 0.163* 0.210 0.144
(0.123)  (0.082)  (0.127)  (0.086)  (0.132)  (0.088)
Use pit latrine 0.113* 0.177** 0.082 0.161%* 0.084 0.135%*
(0.060)  (0.072)  (0.062)  (0.073)  (0.063)  (0.068)
Cement roof 0.338** -0.054 0.321%* -0.074
(0.135)  (0.214)  (0.146)  (0.220)
Rudimentary roof 0.170 -0.238%* 0.150  -0.259**
(0.104)  (0.118)  (0.110)  (0.122)
Own land 0.086 0.038 0.082 0.024
(0.052)  (0.064)  (0.053)  (0.061)
Have wardrobe 0.066 0.030 0.068 0.063
(0.066)  (0.080)  (0.066)  (0.078)
Have table/chair 0.061 0.027 0.062 0.017
(0.063)  (0.077)  (0.063)  (0.076)
Have bike 0.068 0.075 0.069 0.082
(0.073)  (0.064)  (0.073)  (0.064)
Time to district headquarter (hrs) 0.002 -0.001
(0.027)  (0.029)
Ratio of certified doctors -0.048 0.078
(0.114)  (0.098)
Dist to nearest facility (km) -0.003 0.020
(0.034)  (0.038)
Pharmacy in community -0.060 0.056
(0.062)  (0.060)
Dist to pharmacy (km) -0.201 -0.008
(0.192)  (0.060)
Observations 2,551 1,832 2,551 1,832 2,551 1,832 2,532 1,791
R-squared 0.033 0.018 0.213 0.204 0.218 0.207 0.219 0.213

¥Rk k¥ and * denote statistical significance at the 1, 5, and 10 percent levels, respectively. Standard errors clustered at
community level are reported in parentheses. Only households located in an electrified community are used for the analysis.
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Table 12: Detailed IV regression results for Table

HAZ 2004 2007 2004 2007
Electrified household 5.218 0.895%* 3.860 0.901**
(8.408) (0.396) (10.825) (0.423)
Child’s age (mth) -0.074%%%  _0.077FFF  -0.073*¥**  -0.076**F*
(0.008) (0.005) (0.007) (0.005)
Child’s age sq 0.001%** 0.001*** 0.001*** 0.001***
(0.000) (0.000) (0.000) (0.000)
Child is a boy -0.049 0.101** -0.076 0.102**
(0.073) (0.044) (0.118) (0.044)
Mother’s age (yrs) -0.019 0.020 0.018 0.023
(0.142) (0.030) (0.123) (0.029)
Mother’s age sq 0.000 -0.000 -0.000 -0.000
(0.002) (0.001) (0.002) (0.001)
Mother’s education (yrs) -0.083 -0.009 -0.039 -0.007
(0.168) (0.010) (0.142) (0.009)
Mother’s height (cm) 0.083 0.059*** 0.070 0.058***
(0.063) (0.005) (0.073) (0.005)
Mother’s weight (kg) -0.020 0.010* -0.003 0.010**
(0.073) (0.005) (0.076) (0.005)
Father’s education (yrs) -0.043 0.005 -0.022 0.006
(0.083) (0.009) (0.070) (0.008)
No. of surviving children -0.007 -0.032 -0.039 -0.032
(0.160) (0.025) (0.175) (0.025)
Use flush toilet -1.530 -0.098 -0.666 -0.059
(3.164) (0.156) (2.760) (0.137)
Use pit latrine -0.749 0.087 -0.393 0.093
(1.449) (0.062) (1.381) (0.060)
Cement roof -0.616 -0.133
(2.392) (0.185)
Rudimentary roof -0.244 -0.089
(1.023) (0.096)
Own land 0.188 0.036
(0.266) (0.055)
Have wardrobe -0.569 -0.106
(1.781) (0.094)
Have table/chair -0.193 -0.022
(0.828) (0.079)
Have bike 0.006 0.054
(0.288) (0.057)
Observations 4,072 3,049 4,072 3,049
R-squared 0.164 0.165

*#k k% and * denote statistical significance at the 1, 5, and 10 percent levels,
respectively. Clustered errors at community level are reported in parentheses.
The instrumental variables for the electrified household dummy are the PBS
age and system loss from the grid.
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Table 13: Detailed OLS regression results for Table @

HAZ 2000 2004 2007 2000 2004 2007
Electrified household 0.196***  0.138%**  Q.177*F  0.191%F  (0.116** 0.152%*
(0.068)  (0.052)  (0.066)  (0.068)  (0.052)  (0.067)
TV possession -0.018 0.242%%%* 0.083 -0.022 0.223%** 0.056
(0.101)  (0.068)  (0.077)  (0.102)  (0.070)  (0.079)
Child’s age (mth) -0.077*F*FE L0.073%*F* 0.078%**  _0.07THF*F* -0.073***  -0.078***
(0.005)  (0.005)  (0.005)  (0.005)  (0.005)  (0.005)
Child’s age sq 0.001%#%  0.001***  0.001*%**  0.001***  0.001***  0.001%**
(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)
Child is a boy -0.013 -0.035 0.073 -0.014 -0.028 0.073
(0.041)  (0.039)  (0.046)  (0.041)  (0.039)  (0.046)
Mother’s age (yrs) 0.075%** 0.060** 0.022 0.077#+* 0.059** 0.022
(0.022)  (0.023)  (0.029)  (0.022)  (0.023)  (0.030)
Mother’s age sq -0.001** -0.001 -0.000 -0.001** -0.001 -0.000
(0.000)  (0.000)  (0.001)  (0.000)  (0.000)  (0.001)
Mother’s education (yrs)  0.023** 0.014* 0.000 0.018** 0.007 -0.003
(0.009)  (0.008)  (0.008)  (0.009)  (0.008)  (0.009)
Mother’s height (cm) 0.045%**  0.046***  0.057**F  0.045%FF  0.046***  0.057***
(0.005)  (0.005)  (0.005)  (0.005)  (0.005)  (0.005)
Mother’s weight (kg) 0.023%F*F  0.022%FF  0.014%FF  0.023%F*F  0.021%FF  (0.013%**
(0.004)  (0.004)  (0.004)  (0.004)  (0.004)  (0.004)
Father’s education (yrs) 0.016** 0.005 0.015** 0.014* 0.001 0.013*

(0.007)  (0.006)  (0.007)  (0.008)  (0.006)  (0.007)
No. of surviving children -0.091*** -0.097***  -0.046**  -0.093***  -0.095%**  -0.046**
(0.018)  (0.020)  (0.023)  (0.018)  (0.019)  (0.023)

Use flush toilet 0.120 0.297** 0.141%* 0.094 0.235%* 0.117
(0.091) (0.126) (0.072) (0.093) (0.127) (0.074)
Use pit latrine 0.054 0.106** 0.121%* 0.036 0.072 0.110%*
(0.052) (0.050) (0.055) (0.054) (0.050) (0.055)

Cement roof 0.116 0.168 0.113
(0.096) (0.116) (0.180)

Rudimentary roof 0.069 0.087 0.001
(0.057) (0.080) (0.092)

Own land 0.045 0.112%* 0.004
(0.047) (0.046) (0.050)

Have wardrobe -0.061 0.002 0.047
(0.054) (0.056) (0.061)

Have table/chair 0.090* 0.086* 0.057
(0.052) (0.052) (0.057)

Have bike 0.022 0.109** 0.093*
(0.059) (0.054) (0.055)

Observations 3,744 3,927 2,925 3,744 3,927 2,925
R-squared 0.193 0.198 0.216 0.195 0.203 0.217

*xx % and * denote statistical significance at the 1, 5, and 10 percent levels, respectively. Clustered

errors at community level are reported in parentheses.

42



	Title page
	Fertility Proof_read_fujii
	Title Page
	Introduction
	Review of Related Literature
	Data
	Econometric Specification and Identification Strategy
	Main Results
	Exploring the Channels of Causality
	Robustness Checks
	Conclusion and Discussion

	3. List of back issues
	番号取得リスト




