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Introduction

Alterations in land use and land cover, either natural
or anthropogenic can disturb the balance of fragile
ecosystems. Climate change plays a unique role in
governing the structure and state of land features
and alters the structure of ecosystem as well as its
services required by earth. Human health and
environment are matter of concern due to changes
induced by human in its natural environment (Jat et
al., 2008). Human has an urge to remain near nature,
for that they shift from dense urban areas to less
dense areas (Western, 2001). So is the case of new
housing societies where the land mafias intimate the
people about new settlements (Zaman and Baloch,
2011), which are made by cutting the forests,
removing trees and disturbing the ecosystem. For
proper planning and management of natural
resources, it is necessary to study the land cover and
its associated changes (Asselman and Middelkoop,
1995). Modelling of changes within land cover to
identify environmental trends on the local, national
or regional level, have been realized in the scientific
community (Nath et al., 2020). GIS/RS provides
continuous change dynamics (Berlanga-Robles and
Ruiz-Luna, 2011) of land cover/land use, i.e. by
satellite monitoring (Ruiz-Ruano et al., 2016). The
understanding of land cover changes is necessary for
decision making (Lu et al., 2004) in the natural
resource management (Seif et al., 2012). This study
was carried out to identify the impact of changes in
climate upon land use and land cover of Chakwal
district from 1995 to 2020. Geospatial techniques
were applied to estimate the differences in land
features, using different time interval satellite
datasets (Table 1). Six major classes of land features
including, agriculture, bare land, built-up, forest,
shrubs/grass and water were selected for this study,
with respect to time.

Materials and Methods

Study Area: Chakwal district is located in Potohar
region at north 32°56’ and east 72°54 (Fig. 1) and
covers an area of 6,604 sq. km (Mahmood et al.,
2014). The data was acquired from various sources.
Geographic boundary of the study area was
acquired from Survey of Pakistan (2019).

65

Climate: Climate data was obtained from Pakistan
Meteorological Department (PMD), Islamabad
(2020). The data were in word files including
temperature in Celsius degree and precipitation data
in Millimeters (mm) from 1995 to 2020 (Fig. 2).
Besides, climate data relevant information was
gathered from different sources such as websites,
newspaper and past research papers to get insight of
past climatic events in Pakistan especially in Chakwal
district between years of 1995 — 2020 (Table 2).

Satellite Imagery: Five different years, Landsat
images for the month of May, were downloaded from
United States Geological Survey (2020) website
(http://earthexplorer.usgs.gov/). The month of May
was selected, which will be better for analysis and
cloud free images. Object Based Image Classification
(OBIA) was used to classify the satellite images as it
is regarded as the most accurate image classification
technique (Ma et al., 2017). Ecognition software was
used for OBIA classification. Different indices were
applied to extract the required classes (Table 3).

Results and Discussion

Climate records of 1995 to 2020 reveal the climatic
trend for a long time. The precipitation trend starts
declining after 1996 and dry period occurred between
2000 to 2002. In 2006 the average annual
precipitation was again on peak with more than 100
mm average annual rainfall. After this the rainfall
pattern kept fluctuating without any record-breaking
event. While temperature kept rising since 1995.
Consistent ups and downs were noticed till 2015. In
2016 the hottest year was recorded which came back
to normal in the coming years. In year 1995 climate
followed a normal trend and no major climatic event
was recorded till 1995 (Fig. 2).

Other than agriculture and built-up area all other
classes decreased, as agricultural and built-up areas
are directly interlinked (Fig. 3, 4, 5, 6, 7). Cultivated
area in 1995 increased to 50% in 2020, only a minor
decrease was observed in 2002. Bare land/soil class
includes barren areas or areas where soil is exposed.
Such rugged areas are common in the study area.
Expanse of bare land also decreased with time from
1995 to 2020, i.e., 39.21% to 31.96% respectively.
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Very sharp increase in the built-up class was observed

due to

industrialization and

rapid urbanization.

Several housing schemes and factories have come up

in Chakwal district.
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Fig. 1 Location map of the study area.

Table 1 Data sets.

Data Source Date
District Boundary and Survey of Pakistan 2019
Base map (SOP)
Climate Data Pakistan Meteorological ~ 2020
(Temperature & Department Islamabad
Precipitation) (PMD)
30m Landsat 8 2020 Earth Explorer USGS 2020/05/20
30m Landsat 5 2015 Earth Explorer USGS 2016/05/24
30m Landsat 5 2009 Earth Explorer USGS 2010/05/19
30m Landsat 7 2002 Earth Explorer USGS 2002/05/26
30m Landsat 5 1995 Earth Explorer USGS 1995/05/31
Table 2 Major climatic events in Pakistan.
Year Event Source
Punjab Pakistan Worst .
1998 - 2002 Droughts Amin et al., 2019
Cloudburst Rainfall in
Islamabad Division
July,2001 12-hour Heaviest Rainfall Shahid et al., 2013
Breaking
100 Years Record
June, 2005 Monsoons in Chakwal Jameel et al., 2005
May, 2010 10 Cities with above 50° C Abbas et al., 2013
Temperature
2010 Floods in Pakistan Shabir, 2013
2016 Hottest Year of Pakistan
Another Warmest Year for Merlone et al., 2019
2017 .
Pakistan
Table 3 Indices for classification
Indices Description Formula Reference
Normalized
NDVI Difference NIR-RED Ozyavuz et
Vegetation NIR+RED al., 2015
Index
Normalized
. GREEN-NIR McFeeters,
NDWI Difference GREEN+NIR 2013
Water Index
\DS| ’\I'D"I;rfgfé'nzces RED-SWIR1 Rasuly et
Soil Index RED+SWIR1 al., 2010
Normalized
NDBI Difference SWIR1-NIR Guhaetal.,
Built-up SWIR1+NIR 2018
Index
BS| Barren Land ~ Green’ + RED?+ NIR®>  Ahmed and
Index 60 Ahmad,2013
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Fig. 2 Climatic data of Chakwal from 1995 to 2020.
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Fig. 3 Land use/land cover of Chakwal in 1995.
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Fig. 4 Land use/land cover of Chakwal in 2002.
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Fig. 6 Land use/land cover of Chakwal in 2015.
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Fig. 7 Land use/land cover of Chakwal in 2020.

Built-up area increased from 0.8 to 2.29% in 2020. In
1995 forest cover was 5% of the total area which
declined in 2002 to 3.5% nearly half of its size.
Finally, in 2020 forest class covers an expanse of
4.3%. Shrubs/grasslands are commonly found in
study area, which also serve as house to wildlife.
Gradual decrease in the shrubs/grasses was observed
with time. The 12.3% cover decreased to 11.3% in
2020, which is not a significant decline. Demand of
water rises with the development, agriculture and
population increase. The water bodies have been
declining in the study area since 1995. Water was
estimated to gradually decrease from 1% to 0.4% in
2020. Increase up to 4.2% was observed in 2009 due
to favorable climate but this expanse eventually
declined again to 3.1%. As a result, during 1998 to
2012 Pakistan suffered drought, due to erratic rain
pattern. After the year 2002, precipitation followed
normal trend since 2005. Chakwal is arid region
where agriculture depends on water. With the
increase in population the demand for food, water and
consumption of land also increase. Ahmed et al.,
2009, highlighted that changes in forested area of
Chakwal were directly linked with climatic pattern.
The maximum temperature in Chakwal was recorded
in 2005-2006, i.e., 33.8 degree Celsius, while the
current study identifies year 2016 as the hottest year
with temperature 38.2 degree Celsius in the month of
June. The forest cover in current study is also linked
with the climate especially the shrubs and grass
vegetation.
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Conclusion

Changes in climate directly impact the land use/land
cover of study area. The barren lands shrink and
expand with respect to wet periods, while changes in
agriculture and built-up area is a result of rapidly
increasing population and infrastructure. Along
adverse impacts of anthropogenic activities,
government efforts for forest restoration in Chakwal
brought positive impact. The shrubs/grass increased
due to favorable climate, while no change was
observed in the forest cover. Water bodies have seen
drastic decrease since years. The study also highlights
the strong link between increasing built-up
infrastructure including houses, roads and industries
because of population growth. The conversion of bare
land into agriculture and depleting water resources in
response to development. With the adoption of
rainwater harvesting practices such challenges could
be met. If the rainfall pattern remains same, a dire
need of water and conservation practices will be
required. Results of this study proves to be a detailed
picture of study area’s topographic changes as a result
of development, which emphasizes the need for
preparedness in case of flood and proper management
in case of dry climate.
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