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ABSTRACT

This study provides an econometric analysis of the link between infant mortality and carbon dioxide
emissions in four south Asian countries-Pakistan, India, Sri Lanka and Bangladesh- for the period
1978-2010 while controlling other variables, inflation, trade, remittance and rural population growth,
socioeconomic characteristics of the household, that can potentially impact the number of infant
deaths. Panel data technique Fixed Effect was preferred to Random Effect on the basis of
Hausman test. The results show that high carbon emissions lead to higher rate of infant mortality
and the link is indirect instead of direct. The different intercept show that the impact of carbon
emission is higher in Bangladesh followed by India, Pakistan and Sri Lanka. Trade and remittances

*Corresponding author: Email: azadhaider@gmail.com;



Husnain et al.; JSRR, 9(2): 1-8, 2016; Article n0.JSRR.20350

reduce mortality rates while rural population growth works in opposite direction. Inflation has a
negative sign yet statistically not significant. The results suggest that carbon dioxide emissions
must be reduced to improve infant health at least in the long run. Measures to check population
growth are mandatory to overcome infant deaths. Trade and remittance increase should be
ensured to improve health index of infants. However our results are suggestive and be taken with
care as different other channels can reverse the results which require further research on this front.

Keywords: Carbon dioxide emissions; mortality; South Asia; inflation; trade; population growth; fixed

effect model.

1. INTRODUCTION

Evidence is mounting that our planet faces long
term and irreversible changes in the earth’'s
climate system [1] and these climatic changes
have an unparalleled impact upon poor and
marginalized groups of the population [2]. In
literature there is consensus that emission of
greenhouse gases due to human activity is a
notable contributor to this climate change as it
causes increase in temperature and precipitation
and Intergovernmental Panel on Climate Change
(IPPC) in its fourth reports warns that the global
warming are likely to affect human health [3].
Climate affects human being directly and
indirectly; in direct channel human health suffers
as a result of extreme events that results in
increase in disease environment. The indirect
way, large-scale and global environmental
hazards to human health include climate change,
for example as a result of extreme events. The
indirect health effects could be related to the
stress or to physiological effects or even with the
income of the person that wants to act or work

[4].

South Asia suffers from grave consequences of
climate change due to its large agriculture base
that is highly vulnerable to climatic events. A
huge populace is directly affected by the climate
change that affects their life and livelihood
through different ways. This study aims to map
the relationship between carbon dioxide (C0,)
emissions and infant mortality in this region while
controlling other factors that can influence
mortality. The heart of the debate in this context
comes from a number of warnings from scientists
and others concerned authorities that give the
impression that human induced climate change
is an immediate threat to society [5-8]. Millions of
people might be vulnerable to health effects and
production falls related to global warming [9].

A handful of studies have already established the
theoretical link between Global Warming and its
impact on human health. For example [10]
conclude that “Fossil fuel energy consumption

and industrialization both have an indirect
relationship with the infant mortality rate,
whereas, carbon dioxide emissions have a direct
relationship with the sanitation facility in a
country”. [11] state “Exposure to pollutants such
as airborne participate matter and ozone has
been associated with increases in mortality and
hospital admissions due to respiratory and
cardiovascular disease”. [12] found that air
pollution and greenhouse gas emissions have
strong and negative effect on the birth weight in
Pakistan. Likewise [13] report that “Tropospheric
ozone and black carbon (BC), a component of
fine particulate matter (PM < 25 pm in
aerodynamic diameter; PM2.5), are associated
with premature mortality and they disrupt global
and regional climate”.

This study differs from previous literature at least
on three fronts; first it employs CO, emission as
proxy for climate change. Many of the previous
studies use climatic variables like precipitation
and temperature to see their impacts on mortality
rate. However it is well established the fact that
rise in temperature is a result of greenhouse
effect and carbon dioxide is the major emitter
among greenhouse gases. Therefore we try to
infer if exist a link between the €0, emission and
infant mortality. Secondly, besides heat waves,
some social and economic indicators like
remittances, inflation and trade play a crucial role
in explaining the unequal effect of extreme
events on mortality in vulnerable communities
[14,10,15] which has not been properly
addressed by the previous studies and are
included in this study. Thirdly we use infant
mortality rather than mortality rate as infants in
the household setup of developing countries are
more at risk to climatic change. The rest of the
paper proceeds as follows: Section 2 gives a
brief literature review; section 3 provides detail of
the variables with their source. In section 4,
empirical methodology is explained while in
section 5 results are reported with detailed
discussion. The last section, 6, concludes with
some policy recommendations.



2. LITERATURE REVIEW

Climate change is likely to have serious and
long-term consequences for public health.
Previous literature identifies numerous health
problems that climate change can inflict on
human for example change in vector biology of
infectious diseases [16]. Further these impacts of
climate change do not affect all regions and
communities equally [17,18].

The debate on the determinants of infant
mortality has been extensive explored in the
scientific literature [19] and according to [20]
infant mortality is affected by some socio
economic variable in addition to climate change
variables. The extreme events like heat waves
can bring cardiovascular diseases [21] and high
temperature cause high rainfalls affecting the
environmental conditions for the proliferation of
malaria and diarrhea [22]. Furthermore, the
effects of climatic variables have different effect
on child characteristics, for instance, [23] report
female children with lower order in siblings are
more vulnerable therefore the mitigation policies
should focus on child characteristics. [24,25]
conclude that extreme heat waves have caused
hundreds of deaths across USA, Europe and
Canada over the last 30 years. Several climate
scenarios point towards that extreme event will
become more frequent and intense by the end of
21% century with their long lasting effects [26].
These include higher population density, more
risk to aging population and less air conditioning
[27,28]. A study by [29] show that in the heat
wave, excess emergency department visits
increased in California in 2006, and across the
state, excess hospitalization were reported as
compared to the same period in previous year.

The Intergovernmental Panel on Climate Change
fourth Assessment report provided specific
information for South Asian region concerning
the nature of future impacts. Some of the future
impacts include; in hot regions like Pakistan, “as
a result of increased atmospheric (€O,
concentrations, water-use efficiency for some
types of plants would decline as yields decrease
due to heat stress. Therefore, net cereal
production in South Asian countries is projected
to decline at least between 4% to 10% by the
end of this century under the most conservative
climate” (see Chapter 5 of the fourth Assessment
report from IPCC). [10] found infant mortality and
industrialization are indirectly linked while carbon
dioxide emissions can directly affect sanitation
facility in a country. [11] report that airborne
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participate matter and ozone increase the
mortality and hospital admissions. [12] found that
in Pakistan birth weight is negatively associated
with carbon dioxide emissions while [13] state
that black carbon are associated with premature
mortality.

3. DATA AND VARIABLES

To establish any reliable link between infant
mortality and climate change high frequency data
is required due to the non-linear relationship
between the variables. If the target is a single
country then the data may be available or
constructed/collected for the variables of interest.
However, the data at greater frequency for these
variables is not available to us at least for
Pakistan, India, Sri Lanka and Bangladesh.
Therefore we use CO, emissions per capita as
proxy for precipitation and temperature rise as
the latter are result of CO, emissions and the
data on CO0, is available from a common source
i.e., the world development indicators that is a
publication of World Bank. Rather than
measuring C0O, emissions in metric tonnes the
per capita, emissions are more representative as
it takes population into account. The advantage
of taking data from the same source, due to
same definition of the variables across entities,
makes results more comparable and reliable.
Further panel data is more informative and help
in making cross-country comparisons.

Our dependent variable is infant mortality
(children under the age of 5) which is the number
of deaths per one thousand people per annum.
Trade is the total of export and imports as a ratio
of Gross Domestic Product (GDP). Agriculture
has a significant share in the export of these
countries therefore it can affect the income of the
rural population through income channel.
Inflation is also a very crucial variable that can
impact the purchasing power of the household
and change its expenditure plan. Consumer
Price Index (CPI) is the widely known proxy for
inflation in empirical literature. Remittances are
the back bone of rural economy, because many
emigrants are from rural origin and go out, in
these countries, to earning the bread for their
families. Therefore it has strong impacts on
consumption choices of the household. Instead
of using total population grow, we use in our
model, rural population growth that is more
relevant in our context as it is mainly a rural
phenomenon. All our data comes from world
development indicators.



We choice sample on the basis of agriculture
share of GDP in the South Asian countries.
However we exclude Nepal from the sample as it
has very few information on the variables of
interest. The time span of the data is from 1978
to 2010. Therefore 132 observations are
available for the analysis.

4. ECONOMETRICS SCHEME

The empirical goal of the study is to estimate the
relationship between per capita CO, emissions
and the infant mortality rates in the panel of four
South Asian countries. Initially, we estimate the
log of number of infants per 1000 people per
annum by the following equation:

Linfanty = p1LCO,;, + B,Lremity + BsLtrade;,

+ BiLinfly + BsLrpgy + Vie + it
+ €it (1)

Where “Linfant” is the log of number of infants
per 1000 people per annum, “LCO," is the log of
per capita carbon dioxide emissions, “Lremit” is
the individual remittances received as a percent
of GDP, “Ltrade” is trade as share of GDP, “Linfl”
is the log of CPI and “Lrpg” is the log of
population growth. (y) is a set of time effects,
() is a set of fixed effect across countries and
B1, B2, Bs, B4 and Bs are analogous to the slope in
linear regression equation and are also called
regression coefficients. The subscript “" is a
country index while “t” is the year index. The
purpose of using all variables in log form is to
estimate elasticity from regression.

We estimated three distinct models; first one with
pooled regressions, secondly with fixed effect
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and third one with Random effects. The purpose
was to know how results change as the
estimation technique changes despite knowing
the fact that pooled regressions in panel data
suppress information and random effect model is
not applicable in this case as sample is drawn
purposefully rather than randomly. Therefore the
model here presented is a fixed effects model
that was endorsed by Hausman test and
represents the observed quantities in terms of
explanatory variables that are treated as if the
guantities were non-random.

5. RESULTS AND DISCUSSION

To start with, we provide the descriptive statistics
of the variables in Table 1 that make available
the preliminary information about the each
variable used in the model.

The correlation matrix is reported in Table 2. It is
evident from the correlations that any two
variables correlation coefficient does not exceed
0.80, and indicate that there is no
multicollinearity in the variables.

We start our discussion with the main variable of
interest that is carbon dioxide emissions per
capita. Estimation results are presented in Table
3. As expected, carbon emissions are positively
linked with infant mortality (p<0.01). The
coefficient is high, which shows the large
magnitude of the impact. The results are in line
with the global change scenarios that associated
the high frequency of occurrence of extreme
events to the increase of global carbon dioxide
emissions. For example, [22] states that high

Table 1. Descriptive statistics of the variables

Variable Obs Mean Std. dev. Min Max
Linfant 132 12.19363 2.12501 8.158516 14.84595
LCO, 132 .8487374 .7404348 2.562178 .5105511
Ltrade 132 3.53127 .5404241 2.485629 4.484543
Lremit 132 1.256433 .685096 -.3149199 2.349377
Linfl 132 2.040175 .642945 -1.248378 3.24333
Lrpg 132 1.573076 7257668 -1.594862 3.080174
Table 2. Correlation matrix

Linfant LCO, Ltrade Lremit Linfl
Linfant 1.0000
LCO, 0.2933 1.0000
Ltrade -0.8530 0.0300 1.0000
Lremit -0.6345 -0.0853 0.7100 1.0000
Linfla -0.1524 -0.0053 0.1213 -0.0853 1.0000




temperature cause high rainfalls that affect the
environmental conditions of the proliferation of
malaria and diarrhea. Likewise, [21] reports that
the extreme events, like heat waves, can bring
cardiovascular diseases. However the direct link
between the carbon emissions and mortality is
missing. The scientific production on the field of
climatic modelling predicts that greenhouse gas
concentrations will continue to rise, and Earth’s
average surface temperature will rise with them.
It can be interpreted that carbon dioxide
emissions indirectly wreak the livelihood of the
people that deeply depend on agriculture, made
them extremely vulnerable to climate change.
Similar findings are reached by [10] who found
infant mortality and industrialization are indirectly
linked while carbon dioxide emissions can
directly affect sanitation facility in a country. [11]
report that airborne participate matter and ozone
increase the mortality and hospital admissions.
[12] found that in Pakistan birth weight is
negatively associated with carbon dioxide
emissions while [13] state that black carbon are
associated with premature mortality.

Table 3. Dependent variable is Linfant
(Fixed effect)

Independent variable Coefficient P-value

LCO, 0.476 0.000
Lremit -0.269 0.000
Linfl -0.018 0.473
Ltrade -0.006 0.000
Lrpg 0.137 0.004
Constant -11.634 0.000

Now we turn to control variables that can affect
the infant mortality. In case of inflation it was
found that it affects negatively the infant mortality
which is not in conformity of the previous
literature that report the positive effect of prices
on number of deaths. However, in our case the
result is not statistically significant (p>0.10) which
means that inflation has not been effective to
influence household decision to change their
consumption plan. One argument could be put
forward to explain why inflation is ineffective. The
agriculture household store grain and other crops
for their use at the harvest season, therefore
inflation that is mostly food inflation does not
change the expenditure pattern of the household
and they avoid the reduction of number of meals
per day, however, our results are different from
studies that report the positive impact of prices
and food shortage on child mortality [14,28,15].
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Trade association with child mortality is found to
be negatively related and statistically significant
(P<0.01) and this result is in line with previous
empirical literature. The possible explanation is
the heavily dependence of rural population on
agriculture and the fact that South Asian exports
are mainly agriculture, and an increase in exports
leads to higher prices of agriculture output that
benefit the agricultural communities. A number of
studies support this finding, for example [30]
found that increasing income from trade seems
to improve health, and the other channel, could
improve nutrition of mothers and child’s [31].

Rural population growth also leads to an
increase in the number of deaths (P<0.01) which
is understandable and in line with the results of
many studies that link population growth with
mortality. The fast growth in population in rural
areas overburdens household and restrict it
choices and change spending patterns. Here
population characteristics also mater as the
females are supposed to be suffered more when
income resources are distributed. [32] show that
population growth stresses sanity and health
care infrastructures that may increase child
mortality in developing countries.

Remittances seem helpful in checking the
number of child deaths (P<0.01). A large
number of Immigrants is from rural background
and send money to their families on regular basis
from abroad. This money is mostly spent in
increasing the living standard particularly dress
and food. [33] found that remittances reduce
child mortality particularly childrens of household
that belong to upper class, while [34] report, a
pro-poor impact of remittances.

When intercept is allowed to change, a different
scenario emerges, which show that albeit carbon
emissions impact child health negatively in all the
countries, the magnitude of the variables are
different. Infant health is more affected in
Bangladesh followed by India, Pakistan and Sri
Lanka.

6. CONCLUSION

The main objective of this study was to establish
a relationship between infant mortality and
carbon dioxide emissions in four South Asian
countries namely: Pakistan, India, Sri Lanka and
Bangladesh for the period of 1978-2010. The
carbon emissions were used as a proxy for
climate variables like temperature and
precipitation, with the purpose to determine an



indirect link with the infant mortality. The sample
selection was based on the phenomenon that the
countries studied are agriculture based
economies and the majority of the population has
heavy reliance on agriculture which is extremely
vulnerable to climate change that mostly
emerges from greenhouse phenomena to which
carbon dioxide is the major contributor. Trade,
rural population growth, inflation and remittances
were included in the model as control variables
because empirical literature takes these
variables as determinant of human health. On
the basis of Hausman test we estimate only a
fixed effect model that shows to be more robust.

Many of the results are in line with the
mainstream health economics as with the actual
scenarios of global warming that state that high
carbon dioxide emissions increase the global
temperature and produce tropospheric ozone
that results in extreme pollution events. We
found that carbon emissions are positively
associated with number of infant deaths whereas
trade and remittance help reduce mortality in the
studied region. Inflation is negative correlated
with infant mortality but statistically not
significant. Rural population, as expected, seems
to be more affected by the impacts of global
warming, especially on the number of infant
deaths. When measuring the intercept value of
the proposed model, individually, it becomes
clear that the effect of the carbon dioxide
emissions is not equally distributed across the
sample. The highest effect is found in
Bangladesh followed by India, Pakistan and Sri
Lanka.

Based on our findings we put forward some
policy implications. First carbon emissions
reduction is mandatory to reduce infant mortality
despite the fact that global warming been a
global phenomenon. In spite of that, the
reduction of carbon dioxide emissions can bring
down the number of child deaths in the long run.
This can be achieved in a number of ways, for
instance, moving the countries towards a greener
economy, could be one of the options. Trade and
remittance needs to be encouraged as rural
household income decisions largely depend on
these two factors: Inflation and rural population
growth that should be checked to avoid the
reduction in the number of per day meals of the
poor rural families.

We interpret the finding of our model suggestive
of an insight that carbon dioxide emissions
affects directly the infant health, but this study
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lacks support of a strong theoretical model.
Therefore, results can be taken with care before
framing any policy. The study sets two
dimensions for future research that could be an
improvement over our study. First simultaneous
equation model could be used to determine
indirect relationship between carbon dioxide
emissions and infant mortality in a more concrete
way. The second is to get high resolution data on
the carbon dioxide emissions or temperature
trends along with mortality data on district or
state/province level, to deeply analyze the issue.
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