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Abstract | Pakistan is one of the major victims of climate change resulting in water scarcity, low agriculture
productivity, and variation in seasons across the country. The present study is an attempt to analyze the
dynamic effects of variation in rainfall on economic growth in different provinces of Pakistan. Results show
that low rains over the period of time have adversely aftected the production, employment, and supply chain
of crops. Furthermore, to avoid the adverse effects of climate change in the future, it is suggested to plant
more trees and arrange different types of awareness campaign through print media and electronic media. It
is also recommended to conserve water through the construction of dams and proper irrigation system may
be managed on new footings to irrigate more lands to achieve the ultimate objectives of economic growth in

Pakistan.
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1.Introduction

he total area of Pakistan is around 796,000 KM

with the diversified background of precipita-
tion and temperature. The summer monsoon lasts
from June to September providing precipitation in
the eastern areas through the southwest part of the
country, while western and northern areas get pre-
cipitation in winter season ranged from December to
March due to disturbances in western weather. The
summer monsoon provides around sixty percent of
total annual rain. The climate changes from semiar-
id to arid, whereas two-thirds of the country receives
less than 250 millimeters of rainfall annually except
sub-mountain and the Himalayan region of the
country. The northern areas of the country having the

highest mountain peaks of the World like K-2 (8,611
Meters) and the World’s largest glaciers Baltoro (63
KM) and Siachen (70 KM, long) which is the major
source of water resources for Indus River. The temper-
ature in this region drops to =50°C in the winter sea-
son and around 15 CO in summer. The southwestern
part of the country exemplifies Balochistan plateau
and Indus River basin plain. The Indus basin trans-
boundary covers 65 percent of the country total are
or 520,000 KM which includes Punjab province, the
major area of Sindh province, Khyber Pakhtunkhwa
and eastern Balochistan. It is pertinent to mention
that the world largest connected irrigation system
is Indus Basin Irrigation System, that comprises 95
percent total irrigation system in the country (NIPS,
2013).
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Pakistan has faced cataclysmic droughts, cyclones,
heat waves, glacial lake outbursts and flood in recent
past which resulted in the internal displacement of
thousands of people and lead to infrastructure dam-
age in the area. Climate change will maximize the se-
verity and frequency of natural hazards in the coming
decades and based on empirical evidence Pakistan is
amongst most vulnerable countries to climate change.
The contribution of Pakistan of global greenhouse
gases is less than one percent while its 200 million
population is on severe victims of the consequences
of climate change. The Global Climate Risk Index
(GCRI) 2018 reported that Pakistan is among the
top ten countries badly affected by climate change.

In Agrarian economies like Pakistan, the sensitivity
to climatic change threats arose from their socioec-
onomic factors, adaptive capacity, geography, and de-
mographic trends. It will lead to a vicious circle of
poverty and enlarge vulnerability profile of the coun-
try. The impact of climate change resulting melting of
glaciers and disturbance in monsoon rainfall which in
turn will affect agriculture productivity in the country.
It also provides a shortage of energy resources which
further hamper the economic growth in the country

(World Bank, 2014).

Anderson (1981) concluded from his study that cli-
mate change and economic growth have examined
how precipitation, temperature, and windstorms have
influenced macroeconomic variables using economet-
ric methods. The major focus of these studies was on
the effects of weather changes on labor productivity,
industrial output, agriculture output, energy, conflict,
and energy demand among others (Dell ez a/., 2014).
He added further that the fluctuations in tempera-
ture in panel countries, expected negative impact on
economic growth, effects on industry and agriculture,
and elements of political stability. These effects were
significant in the case of underdeveloped countries.
Burgess and Donaldson (2010) studied the effects of
climate change on human adaptation and demon-
strated that famine in India was resulted by rainfall
shortage during 1875-1919. The current study is an
attempt to examine the dynamic effects of climate
change on economic growth in case of Pakistan. It
also analyzes the rainfall variations in different re-
gions of the country resulted from climate change.
This article will contribute to the available literature
in the context of regional inequality due to climate
change.

2. Materials and Methods

Pakistan is a country with a significant diversification
in poverty across provinces having around 37 per-
cent of the population living below the poverty line.
Moreover, in urban areas, the poverty rate is relatively
lower than in rural areas and have comparatively bet-
ter economic and social indicators (IFAD, 2015). The
econometric approaches used so far in climate change
and economic growth perspective have adopted er-
ror independence between various cross section units
of data. It means that general factors have hardly
affected this connection, which is one of the strong
assumptions regarding the global economy and cli-
mate change. If this assumption is violated it will
result in a contradictory result to the earlier assess-
ment of the same correlation between climate change
and economic growth. In the present study, we have
identified the effects of precipitation and temperature
on economic growth. The result showed that precip-
itation and temperature have a significant impact on
industrial growth in less developed countries and
characterized by low and high temperatures.Hence
the present study is an attempt to re-assess the nexus
of climate change and economic growth by applying
Dell ez al. (2012) aggregate production function is the
baseline equation based on climate change and phys-
ical capital in the equation is as under:

w2 B2itempitS3iprecity 64
Yit=e Kt

This equation shows the structural form of climate
change and aggregate production function used as a
proxy for GDP growth. Here we are following the
same connection used by Dell ez a/. (2012) where-
in exponential form the climate change variables is
chalked while K. represents the physical production
factors are in linear form. We are considering dy-
namic effects and lag variables, where coeflicients are
depending on previous output and common factors.
Based on this analogy the existing literature on eco-
nomic growth become closer to the empirical model
suggested by Dell ez al. (2012). Taking in to account
this assumption the logarithmic form of the equation
is written as follows:

Iny, o,.0lny . olntemp .o InPrec+ o, InKit +eit ---II

Where InY, is the GDP in natural logs, Prec, is the
precipitation, temp, is the temperature, and K _ is
share of investment.

Ay =0 +oy . 0,

t-1+ Tem
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Table 1: Descriptive statistics of whole country (Pakistan).

Variable Mean SD Min Max
Economic Growth 7.39 1.94 3.67 11.35
Precipitation 4.21 1.91 0.05 8.49
Per capita industrial output 5.42 6.56 0.16 9.95
Share of Investment -0.87 0.93 -4.82 -0.10

Table 2: Yearly precipitation and GDP per capita in Pakistan.

Full sample ~ Subsample
Region Variable 1980-17 1980-90 1991-000 2001-10 2011-17
Whole Country Yearly Precipitation ~ 208.32 (1.70) 289.03 (1.43) 301.92 (1.35) 341.98(1.23) 384.57 (1.08)
GDP Per capita 5.10 (1.24) 11.33 (0.62) 5.13 (1.29) 3.3.2(0.98) 4.50 (1.15)

Total observation 855 95 216 229 315

Table 3:Yearly precipitation and GDP per capita in Punjab.

Full sample  Subsample
Region Variable 1980-17 1980-90 1991-000 2001-10 2011-17
Punjab Yearly Precipitation 195.07 (1.14) 121.96 (1.55) 127.50 (1.30) 127 (1.19)  133.90 (1.39)
GDP Per capita 6.69 (1.81)  13.70 (1.47)  7.56(1.41)  4.08(1.11) 5.25(0.75)

Total observation 227 30 59 54 84

Table 4: Yearly precipitation and GDP per capita in Sindh.

Full sample Subsample
Region Variable 1980-17 1980-90 1991-000 2001-10 2011-17
Sindh Yearly Precipitation 192.34 (1.34) 112.45 (1.19) 187.75 (1.02) 198.97 (0.92) 102.39 (0.58)
GDP Per capita 2.38 (1.57) 3.91 (1.98) 2.99 (1.82) 3.19 (0.97) 3.05 (0.87)

Total observation 278 27 63 80 108

Where this model is an attempt to gauge climate
change and GDP growth relationship. Following Pe-
saran (2006) and Barreca (2013) replaced the omitted
and unobservable elements of the integration connec-
tion in cross-section sample of observation. Howev-
er, small sample bias is experienced while using this
approach by Pesaran and Chudik (2013) in case of
time series panels with moderate dimensions. That’s
why they included further lags of the cross-section
averages in the model as follows. This study uses data
on variables including, precipitation temperature, in-
dustrial output, and investment and real GDP data
during 1980-2017.

3. Results and Discussion

Table 1 offers the descriptive statistics of the variables
used in the model. It shows the mean, standard devia-
tion, maximum and minimum values of the variables;

economic growth, precipitation, per capita industrial
output and share of investment.

Table 2 shows that over the period as the annual pre-
cipitation rate decreases it has significant impact on
GDP per capita in Pakistan. The intrinsic reason for
this fall is that when rate of precipitation decreas-
es, the agriculture production decreases and provide
lesser inputs for agro-based industries and hence had
a negative effect on employment and aggregate de-
mand.

Punjab is one of the foremost provinces of the country
comprising about 52 percent of total country popula-
tion and one of the major shareholders of producing
agricultural products. Table 3 shows that in long-run
when the level of precipitation falls the same had a
negative effect on GDP per capita.
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Table 5:Yearly precipitation and GDP per capita in Khyber Pakhtunkhwa.

Full sample
Region Variable 1980-17
KP Yearly Precipitation 234.71 (1.22)
GDP Per capita 4.63 91.74)
Total observation 165

Table 6: Yearly precipitation and GDP per capita in Balochistan.

Full Sample
Region Variable 1980-17
Balochistan Yearly Precipitation 172.61 (1.45)
GDP Per capita 3.67 (0.98)
Total observation 97

'The second largest province of the country (popula-
tion wise) is Sindh. This province is also feeding the
major population of the country. Climate change had
also affected this province and it is evident from the
precipitation rate over the period of 1980-2017. His-
torical figure shows that annual precipitation rate and
GDP per capita are moving in the same direction as

depicted in Table 4.

Table 5 displays that there is a significant positive
relation between annual precipitation rate and eco-
nomic growth in Khyber Pakhtunkhwa. The farmers
in this province are mostly living in mountains, they
received enough rains to cultivate better crops and
this is the major source of their livelihood of inhab-
itance. When they receive lesser precipitation from
nature, they had received lesser crops which led a fall
in aggregate demand and GDP per capita growth in

the province.

Balochistan is the country largest province (Area
wise) but unfortunately, a major share of the province
is composed of deserts. This province is badly suf-
fered when they received lesser precipitation. Table 6
shows that there is a significant relationship between
annual precipitation rate and economic growth in Ba-
lochistan but the intensity is relatively low than the
other three provinces. The reason for such intensity
is the major share of this province is deserts and even
they received more precipitation in the sample period,
but they have very production in the same location.

The results show in the above tables concluded the
same results with minor differences of Colacito,
Hoffman, and Phan (2015) and Burgess and Don-
aldson (2010). It also highlights that a fall in precip-

Subsample
1980-90 1991-000 2001-10 2011-17
391.23 (1.44) 298.67 (1.82) 151.91 (1.38) 201.29 (1.05)
38.48 (1.49) 6.91(1.49) 2.56 (0.98) 4.81 (1.06)
31 46 53 35
Subsample
1980-90 1991-000 2001-10 2011-17
162.34 (1.26) 156.91 (1.04) 187.67 (0.54) 145.91 (0.30)
9.65(0.92)  2.92(0.32) 2.01(0.19)  3.96 (0.44)
28 21 22 26

itation rate reduced the growth rate in the Khyber
Pakhtunkhwa compared to other provinces. Moreo-
ver, a fall in precipitation in the Punjab province re-
duced the growth rate in all periods. Hence it can be
concluded that there is a significant impact on the
magnitude of coeflicient estimates across provinces.

The government of Pakistan is conversant with the
issue of climate change. The government introduces
a new ministry under the title ‘Ministry of Climate
Change’ to adopt effective measures on operational
and policy level to ensure food, water scarcity and to
minimize the adverse effects of climate change in the
future. The Ministry of Climate Change is also setting
standards, enacting legislation, implementing policies
for the favorable environment. These steps will ensure
the country from the adverse effects of climate change

if applied efficiently and effectively.
4. Conclusion and Recommendations

The climate change has affected the four provinces
in Pakistan due to precipitation level, but the level of
impact is different across various provinces. For in-
stance, the floods have badly affected the Khyber Pa-
khtunkhwa and Balochistan province due to its vul-
nerability to climate change. Therefore, it is suggested
that proper forestation and other mitigation strate-
gies might be used to avoid the unhealthy eftects of
climate change in Pakistan. It is recommended for
future study to include migration, income inequality,
and employment rate as macroeconomic variables to
have a full understanding of the dynamic and mul-
ti-dimensional effects of climate change.
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