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Abstract
The entire world is collectively facing the problem of climate change. The deterioration of the earth’s climate change is being 
noticed and felt most apparently in Southeast Asia and predominantly in Pakistan. Pakistan is a victim of climate change, 
due to which Pakistan faces several geographical, political, economic and even social problems. The harmful impacts of 
climate change in the form of smog and abnormal heat waves have claimed the life of many Pakistanis. Climate change has 
brought disastrous impact on the agrarian economy of Pakistan, which has plunged the country into awful straits. Climatic 
change is a slow and continuous process. It is needed that climatic changes in an area should be traced out in time to face 
upcoming climatic challenges. Present research work has traced out such changes and introduced a new climatic classifica-
tion scheme for the climate of Pakistan, by using remote sensing (RS) and a new climatic compound index that is RSCCI 
gives a calculated value, which is used to describe the state and the changes in the climatic system of an area. RSCCI is 
the combination of different indices. On the basis of RSCCI, a climatic index, spatiotemporal investigation is conducted 
to measure aridity, humidity and semi-aridity all over Pakistan. In order to find out the extent of these climatic conditions, 
three MODIS dataset images of 250 m resolution were acquired. RS applications are used effectively to assess the changing 
climatic trends for the period of eighteen years in Pakistan from 2000 to 2018. On the basis of the above-mentioned results, 
a new climatic classification has been introduced with five major classes, i.e., drought, aridity, humidity, wetlands and cold 
drought. The area of five classes has been calculated by using RS tools and RSCCI for the years of 2000 and 2018. New 
climatic classification of Pakistan divides Pakistan into five regions which is based on RSCCI . There is an increase in arid 
region of 1.84% in Pakistan from RSCCI 2000 to RCSSI 2018. Similarly, there is also increase in an area of wetlands and 
humid regions of Pakistan, i.e., 1.9% and 9.72%, respectively, from RSCCI 2000 to RCSSI 2018. On the other hand, there 
is 0.78% reduction of area of cold drought region, 8.49% reduction in moderate drought and 4.19% reduction in an area of 
intense drought classes from RSCCI 2000 to RCSSI 2018, which is a positive change. The results show dramatic changes 
which advocate the need of a new climatic classification for Pakistan. This new climate classification of Pakistan is based 
on 18 years of data only. Dramatic climatic changes could be imagined and predicted within next 30 years in Pakistan.
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MSI  Moisture stress index
SAVI  Soil-adjusted vegetation index
USGS  United states geological survey
AOI  Area of interest
SWIR  Short wave infrared
NIR  Near infrared
KPK  Khyber pakhtunkhwa
CCPI  Climate change performance index

Introduction

Climate change has been one of the most talked about issue, 
particularly since the start of the twenty-first century. Cli-
mate is usually defined as an average weather in a narrow 
sense or more thoroughly, as the statistical description in 
terms of the mean and variability of relevant quantities over 
a time ranging from months to thousands or millions of 
years. The classical period for averaging these variables is 
30 years, as defined by the World Meteorological Organiza-
tion. The relevant quantities are most often surface variables 
such as temperature, precipitation and wind. Climate in a 
wider sense is the state that includes a statistical description 
of the climatic system (Odoh and Chilaka 2012).

According to World Meteorological Organization 
(WMO), over a long period of time, more than several years, 
climate is the statistical description in terms of the mean and 
variability of relevant quantities, and it is duration over years 
and decades, usually over 30 years. The dissimilar pattern of 
climate distinguishes from similar ones by using such clas-
sification of climate (Walterscheid 2011). Forming a clas-
sification system of climate is a very tough and a hard job. 
Many climatologists gave different climatic classification on 
the basis of their own experiences and criteria. “Climatic 
classification is merely a method of arranging various cli-
matic parameters either singly or grouped into ranks or sets, 
so, to as both simplify the mass of data and to identify analo-
gies” (Griffiths 1978). Qualitative, as well as quantitative, 
approaches are used not only in Pakistan but also all over the 
word to determine the climate classification. The climatic 
classification given on the basis of different approaches is 
different from each other. Permanide was the first Greek 
philosopher who divided the climate of the world based on 
solar concentration. Then the other well-known scientists 
(Koppen 1846–1940; Thornthwaite 1931, 1948; Blair 1942; 
Griffiths 1978) gave their own climatic classification of the 
world. On the other hand, excellent work on the climatic 
classification of Pakistan has been done by Kazi (1951), 
Shamshad (1986) and Khan et al. (2010)

Koppen classification was temperature based and devel-
oped by climate indices, despite zone variation among 
themselves. Globally, therefore, there was some lapse in 
it (Kopeen 1936). In 1948, Thornthwaite had introduced a 

climate classification based on rainfall and potential evap-
otranspiration (PET). This approach was adopted by vari-
ous regions of the world for classification. The climate of 
Pakistan has been characterized by adopting Reddy-mod-
ified Thornthwaite approach using reference crop evapo-
transpiration (ETo) instead of potential evapotranspiration 
(PET) (Reddy et al. 1973). Thermal efficiency index (TEI) 
was also developed by Thornthwaite for climate classifica-
tion (Thornthwaite 1948). There is indication of thermal 
periphery and the requirement of water in different climate 
types, because it is a growth index. This approach is also 
widely used around the world by different climatologists 
and scientists (Villmow 1962). The agro-climatic classi-
fication for Asia and Africa had been done by the United 
Nations Environment Program (White 1998). Pakistan has 
arid to semiarid climate with great variability in tempera-
ture (Chaudhary and Rasul 2004).

Remote sensing has been in used for spatial evalua-
tion of an area, in the world of geographic information 
system. All the climatological and geographical aspects 
can be interpreted in a manageable way by using RS and 
GIS. The temporal estimation of land surface temperature 
(LST), normalized difference vegetation index (NDVI), 
soil-adjusted vegetation index (SAVI) and moisture stress 
index (MSI) is done from 2000 to 2017 which clearly 
shows that stress on soil moisture increased in Kalat region 
of Pakistan that ultimately leads to aridity (Batool and 
Javid 2018). Pakistan is basically a semiarid region, and it 
has been classified into five regions (hot, warm, mild, cool 
and cold), based on temperature. The southern half expe-
riences high temperatures and decreases while heading 
toward northern half of Pakistan. The eastern part of Paki-
stan receives heavy rainfall in summers due to monsoon, 
while western parts receive heavy rain in winters due to 
western disturbances. The most suitable area for crop pro-
duction lies between 33°N and 35°N due to rain fed condi-
tions. The agricultural production above and below these 
latitudes is only possible if there are supplementary condi-
tions available for irrigation (Chaudhary and Rasul 2004). 
This is an era of information and technology which makes 
accessibility of spatial data for scientists and researchers 
on a broad scale. Access to aerial and satellite imagery is 
very helpful for them to study the climatic condition of an 
area. They can even predict changing climatic trends of an 
area by using RS applications. So, the main objective of 
this research is the formation of new climatic classifica-
tion of Pakistan by using the remote sensing techniques. 
A new climatic classification of Pakistan is proposed by 
introducing an innovative climatic compound index that 
is RCCI. Comparative approach is used to modulate the 
revised classification of climate for Pakistan. The entire 
process has been done by creating a mosaic which is also 
applied to mix all the components of MODIS data of 
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selected study area. Arc GIS10.5 and ERDAS Imagine 
2015 are used to conduct analysis and generate maps.

Materials and methods

RS applications are used effectively to assess the changing 
climatic trends of Pakistan from 2000 to 2018. A spatiotem-
poral investigation is conducted to measure aridity, humidity 
and semiaridity all over Pakistan. In order to find out the 
extent of these climatic conditions all over Pakistan, three 
MODIS dataset images of 250 m resolution were acquired 
for the years 2000 and 2018. These images were obtained 
from USGS, an earth observatory website. In this present 
research, a new climatic classification of Pakistan has been 
introduced by using RS climatic compound index (RSCCI).

The entire process has been done by creating a mosaic 
which is also applied to mix all the components of MODIS 
data of the selected study area. Sticking with the opera-
tion of layer stacking, sub-setting of the mosaic image was 
performed through the clipping process by using digitized 
boundaries of the area of interest (AOI).

Study area

Pakistan is in the northwestern part of great Indo-Pak sub-
continent. It is a beautiful country starting from Himalayan 
Mountain in the north, with plains in the Punjab and Sindh, 
to long stretched coastal boundaries in south of Sindh and 
Baluchistan. Its geographical coordinates are 30.3753°N 
and 69.3451°E. Pakistan is surrounded by countries of Iran, 
Afghanistan, China and India with a coast on the Arabian 
Sea. The total area of Pakistan is 803,936 km2. It is a land 
of varied landscapes ranging from perpetually snow capped 
peaks of Himalayan range like the Karakoram, K-2 elevation 
28,265 ft. (8615 m) to lush green canal irrigated areas. Paki-
stan is in temperate zone; therefore, monsoon keeps the tem-
perature cold, moderate and rainy in December, extremely 
hot and dry in April, hot and very humid in September and 
cool to dry in November. Due to the presence of monsoonal 
activity in Pakistan, the overall climate of Pakistan remains 
arid and semiarid (ICID 2005; Batool and Javid 2018). The 
study area map of Pakistan is shown in Fig. 1

Remote sensing data analysis

Reflection is very important for the satellite sensors to cap-
ture the images and features of the earth. Solar energy can 
be absorbed, transmitted or spread out with interaction pro-
cesses. Land covers do not absorb and reflect the radiation 
equally. All land covers behave differently due to their char-
acteristics. For example, vegetation reflects highly in the 
infrared zone and near-infrared zone of the electromagnetic 

spectrum. Furthermore, spectral signatures are used to dif-
ferentiate the earth’s surface substances. The chlorophyll 
content in leaves plays a very important role in absorp-
tion, transmission and reflection. Vegetation cover, arable 
land, soil, water bodies and physical structure of the earth 
should reflect differently from each other, vary from place 
to place and connected with the angle of the sun, an angle 
of the sensor and time of capturing the land surface by the 
satellite sensor. Water has less than 10% reflectance, and 
it is shown only in the visible range (0.4–0.7 μm). On the 
other hand, water absorbs all energy in the long range than 
0.75 μm. Vegetation highly absorbs the radiation and reflects 
the energy in the infrared and near-infrared range, and at 
0.65 μm vegetation highly reflects due to the presence of 
chlorophyll. Furthermore, 1.45–1.55 μm and 1.90–1.95 μm 
are high absorption ranges, due to the presence of water 
content in leaves. The soil has very less reflection curve with 
high reflection values as compared to vegetation and water 
because soil absorbs and reflects the high flux of energy. It 
goes to more high levels when bands increase. Its curve is 
formed due to the presence of water in the soil. During the 
integration of plant types and their leaves in infrared region, 
photosynthesis works properly and absorbs the radiation 
from 70 to 90% (Siddiqui and Javid 2018; Campbell 1996).

Data acquisition

For the assessment of climatic conditions of any region, 
remote sensing technique became an essential tool in the 
last decades; four sets of remotely sensed data are applied to 
analyze the climatic condition of Pakistan (Table 1). In order 
to find out the climatic condition of Pakistan, three MODIS 
dataset images of the study area are acquired for 2000 and 
2018. These images were obtained from the United States 
Geological Survey (USGS), an Earth Observatory website.

Remote sensing climatic compound index (RSCCI)

In Eq. 1, RCSSI is a new climatic compound index which is 
introduced for a new climatic classification study area, based 
on some parameters which include temperature, vegetation, 
evapotranspiration, snow, water and soil moisture of Paki-
stan because the climate is mainly affected by these factors 
naturally. LST is land surface temperature. LST is highly 
accelerated by the loss of vegetation, soil moisture content 
and increased temperature and is activated by anthropogenic 
activities (Kang et al. 2010). LST is one of the global chal-
lenges that is directly involved in urban developing activities 
and hinders sustainable development growth (Adam et al. 
2015). In the above Eq. 1, digital numbers (values of DN) 
acquired from the United States Geological Survey (USGS) 
of the image were calculated and their average was taken 
out. Firstly, DN was converted to radiance by multiplying 
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with 0.02. Secondly, for the conversion of radiance Kelvin 
values into degree Celsius are subtracted with 273.15 (Sid-
diqui and Javid 2018; Mazher et al. 2018; Batool and Javid 
2018). In order to differentiate between cloud and snow 
pixels, the snow cover was extracted with band 2- band 5/
band 2 + band 5; band 2 represents Green band which shows 
more reflectance of snow and band 5 is NIR band in Eq. 1 
(Kulkarni et al. 1992). It helps to monitor and evaluate the 
healthy vegetation and green cover areas. It is generally cor-
related with biophysical characteristics of vegetation, e.g., 
green biomass, leaf area index and chlorophyll moisture in 

the leaves (Prince et al. 1995; Goward et al. 1985; Justice 
et al. 1985). Rouse et al. (1973) first used normalized dif-
ference vegetation index (NDVI) as a numerical indicator 
for vegetation monitoring. NDVI has the potential to relate 
climate changes with vegetation responses (Xu et al. 2011). 
Areas with least vegetation experience more land surface 
temperatures (Rahman et al. 2004a, b). NDVI has been 
widely used in semiarid and arid regions for vegetation pro-
duction, soil moisture estimation, crop yield assessment and 
drought detection (Haroon et al. 2016: Allen et al. 2005; 
Rahman et al. 2004a, b; Peters et al. 2002; Moulin et al. 
1998; Bausch 1995; Choudhury et al. 1994; Benedetti and 
Rossini 1993). According to Gamo et al. (2013), the distri-
bution of NDVI is like the trends in the aridity index, which 
increases from dry land to wetland. NDVI is calculated using 
the (NIR-R)/(NIR + R). NIR is near-infrared band value and 
red band value is denoted with R. According to Greenland 
(1994), TNDVI is an integrated function of photosynthesis, 
leaf area and evapotranspiration. It is a symbol of vegetation 
biomass, and it is a ratio between near-IR and red reflection. 

Fig. 1  Spatial location of Pakistan; A shows provincial boundaries of 
Pakistan, while B shows district boundaries of Pakistan. This figure 
shows the study area. Boundary of Pakistan in two prospects as A and 
B: A shows provincial boundary of Pakistan with different color sym-

bology and label and shows provinces as Punjab, Sindh, Balochistan, 
KPK, FATA, Gilgit Baltistan, Azad Jammu Kashmir (AJK), Disputed 
Kashmir and Islamabad. B shows districts boundary of provinces of 
Pakistan in red color

Table 1  Characteristics of remotely sensed data used for desertifica-
tion analysis

Sr. No. Year Satellite Sensor Spatial 
resolution 
(m)

1 2000 MODIS MOD13Q1, MOD11A2 250
2 2018 MODIS MOD13Q1, MOD11A2 250
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The total amount of biomass has indirect and direct rela-
tion with surface energy balance; the surface temperature 
is consistent with the interference of sunlight, canopy cover 
ratio and with evapotranspiration cooling effect (Yang et al. 
2008; Sandham and Zietsman 1997; Friedl and Davis 1994). 
Moisture Stress Index (MSI) is a water ratio index that finds 
the water content in vegetation or leaf relative. Soil moisture 
plays a significant part in growing vegetation from the roots 
rather than precipitation (Soni et al. 2017). It is normally 
estimated from MODIS data that uses SWIR band instead 
of MIR because of band’s sensitivity to moisture. The ratio 
between SWIR and MIR reduces scattering effect and domi-
nates water variation in vegetation (Zhang et al. 2013). Area 
of vegetation land cover is very low without the influence 
of soil brightness (Lyon et al. 1998; Rondeaux et al. 1996; 
Senseman et al. 1996; Richardson and Everitt 1992; Huete 
1988). According to Huete (1988), the soil-adjusted veg-
etation index is a key factor to find out the area of low or 
no vegetation and exposed soil surface. In arid areas, it is 
considered preferable to use a soil-adjusted vegetation index 
and modified soil-adjusted vegetation index (Qi et al. 1994), 
and for the reflectance of soils different amounts of illumina-
tion in the red and near-infrared wavelengths is considered 
(Huete et al. 2002). NIR is near infrared band value, RED is 
reflectance of the red band and L is soil brightness compo-
nent. The value of L varies with the amount of green vegeta-
tion cover in very high vegetation regions, L = 0; in no green 
vegetation region, L = 1. Generally, L = 0.5 works well in 
most scenarios and is used as default value (Rondeaux et al. 
1996; Huete 1988).

Results and discussion

Figures 2 and 3 show the new climatic classification of 
Pakistan by using remotely sensed images collaborated 
with compound indices mentioned in Eq. 1. As a result, new 
compound climatic index (RSCCI) is made. By using this 
purely new technique index, a new climatic classification is 
made, from 2000 to 2018, for Pakistan. In this index, Paki-
stan is divided into five climatic regions, shown in Figs. 2 
and 3 through different colors such as dark brown and orange 
which predict the drought regions of Pakistan from 2000 to 
2018. The whole part of the Sindh province, southern part 
of the Punjab and a major part of Baluchistan are shown as 
drought regions in the image of 2000, but there is an obvious 
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change observed in 2018 map. The intensity of drought is 
decreasing and is converted into humid regions with inten-
sify vegetation cover in northern or middle area of Balu-
chistan, in western or south east region of the Punjab and 
south region of KPK. The said areas were drought prone 
in 2000 map, and now there is a good change and they are 
converted into wetland with much vegetation cover in 2018 
map. Similarly, yellow color in Figs. 2 and 3 shows the arid 
regions of Pakistan which mostly includes middle and south-
ern parts of Pakistan in 2000. The aridity is mostly observed 
in the province of Punjab, Khyber Pakhtunkhwa and north-
ern part of Baluchistan in 2018. This progressive increase in 
the area of aridity in 18 years is mainly due to abrupt change 
in climate, land surface temperature change and reduction 
in precipitation of Pakistan. Now, the direction of aridity 
is extended toward the northern cold wet regions of Paki-
stan in 2018. The shades of green in legend of Figs. 2 and 
3 are classified as humid regions in climatic classification. 
These regions predict the major changes in Pakistan climatic 
distribution map from 2000 to 2018. There is huge posi-
tive change again observed in 2018 map in case of humid 
regions, while major vegetation land cover is much less in 
the 2000 map. It is estimated that the humid or vegetation 
regions are increased in 2018 due to highest atmospheric 
and land surface temperature along with climatic change 
which cause faster melting of snow or glaciers in the north-
ern region of Pakistan. By melting of snow, water level 
increased due to the lack of proper developed drainage sys-
tem and having insufficient storage capacity. Soil moisture 
increases naturally in alluvial plain regions of Pakistan. Such 

unmanageable water can also be a cause of extensive flood-
ing every year. It is shown in Figs. 1 and 2 that the south-
ern and central Punjab, northern part of Baluchistan and a 
small part of Sindh were in drought region in 2000 but now 
are converted into humid or vegetation land cover regions 
of Pakistan. Dark blue and cyan color in legend show the 
wetland regions, which are mostly located near the snow 
cover or glacier areas. There has also been more melting 
snow or glacier from 2000 to 2018, and there is significant 
increase in the area of wetland of Pakistan from 2000 to 
2018. The regions which are shown with purple and white 
color in the legend of Figs. 2 and 3 are classified as cold 
drought regions. This area is permanently under snow cover 
and shows no vegetation cover; therefore, they are classified 
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as cold drought regions. The main change that is observed 
in this region causes the overall climate change in Pakistan 
which mainly affects this region and causes an alarming situ-
ation for the world, as well as Pakistan and its population. 
In these 18 years, the melting of ice and glaciers in northern 
Punjab not only decrease the cold drought regions but also 
causes unbalancing of the overall climate of Pakistan from 
2000 to 2018. These maps show the new climatic classifica-
tion of Pakistan at province level with remotely sensed data 
and also show the 18-year climatic change classification of 
Pakistan. 

Finally, Fig. 4 and Table 2 clearly illustrate the six cli-
matic classes of Pakistan with new techniques. A com-
parative graphic presentation of results of RSCCI 2000 
and RSCCI 2018 is given in Fig. 4, in which the area in 
percentage of different classes is given. It is clearly seen 
in these comparative graphs that there is an increase in 
the arid region by 1.84% in Pakistan from 20.87% (RSCCI 
2000) to 22.71% (RCSSI 2018), due to insufficient rainfall 
and negative impact of anthropogenic activities (exces-
sive use of land due to rapid population growth, inefficient 

agriculture system and deforestation for income purpose) 
in semiarid regions (FAO 2019; UNEP 2019). Similarly, 
an increase in area can be seen in wetlands and humid 
regions of Pakistan from RSCCI 2000 to RCSSI 2018. 
1.9% increase in wetland from 8.85% (RSCCI 2000) to 
10.75% (RSCCI 2018) is because of rapid melting of ice 
and glaciers due to global warming (WMO 2018). Con-
sequently, there is an increase in 9.72% in area of humid 
region from 6.36% (RSCCI 2000) to 16.08% (RSCCI 
2018). The class of drought is further subdivided into 
three classes to make the description more comprehen-
sive. The subclasses are the regions of cold drought, 
moderate drought and intense drought classes. The area 
of these classes has been reduced in Pakistan from RSCCI 
2000 to RCSSI 2018, which is a positive change. There 
is 0.78% reduction in area of cold drought region from 
10.31% (RSCCI 2000) to 9.53% (RSCCI 2018). There is 
8.49% reduction in area of moderate drought region from 
22.97% (RSCCI 2000) to 14.48% (RSCCI 2018), while 
4.19% reduction in an area of intense drought region from 
30.63% (RSCCI 2000) to 26.44% (RSCCI 2018).  

Fig. 2  The new climatic classification of Pakistan by using remotely 
sensed images collaborated with compound indices for year 2000. 
This figure shows new climatic classification for year 2000 into fur-
ther major five classes name as drought, arid, humid, wetlands and 

cold drought. Drought is shown with brown color scheme on the map, 
arid class is represented with yellow color, humid regions with green 
color scheme, while wetlands with blue and cyan color, and cold 
drought class is represented with purple color
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Conclusions

It is concluded from the results of this research that dis-
tinguished climatic change has been observed within the 
boundaries of Pakistan in a time span of eighteen years 

from 2000 to 2018. There is a huge change observed in 
these eighteen years; this dramatic climatic change is 
needed to be addressed on sound footing. Although the 
reduction in an area of drought region seems very posi-
tive for Pakistan but on the other hand increasing areas of 

Fig. 3  The new climatic classification of Pakistan by using remotely 
sensed images collaborated with compound indices for year 2018 
into further major five classes named as drought, arid, humid, wet-
lands and cold drought. Drought is shown with brown color scheme 

on the map, arid class with yellow color, humid regions with green 
color scheme, while wetlands with blue and cyan color on the map, 
and cold drought class is represent with purple color

Fig. 4  Comparative graphi-
cal representation of area in 
percentage for RSCCI 2000 and 
RSCCI 2018 with two color of 
bars. Blue color shows the area 
of year 2000, and orange colors 
shows area in percentage for all 
classes of year 2018
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humidity and wetlands have created an alarming and dras-
tic situation for the future climatic challenges of Pakistan. 
Pakistan is a developing country and is not ready to face 
abrupt climate changes. According to Germanwatch, pub-
lisher of the Climate Change Performance Index (CCPI), 
Pakistan is the seventh most vulnerable country in terms 
of climate change. As a developing country with miser-
able poverty and severely limited resources, the climate 
change has the potential to become the biggest and most 
destructive problem for Pakistan in the future. Therefore, 
precautionary measures should be designed and taken 
against the upcoming climatic challenges like extensive 
flooding, droughts, storms, heat waves and cyclones. Pre-
sented climatic classification of Pakistan can be utilized 
as a comprehensive mitigated tool for the said situations.
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