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Abstract: Anthropogenic activities and natural climate changes are the central driving forces of global
ecosystems and agriculture changes. Climate changes, such as rainfall and temperature changes, have
had the greatest impact on different types of plant production around the world. In the present study,
we investigated the spatiotemporal variation of major crops (cotton, rice, wheat, and sugarcane)
in the District Vehari, Pakistan, from 1984 to 2020 using remote sensing (RS) technology. The crop
identification was pre-processed in ArcGIS software based on Landsat images. After pre-processing,
supervised classification was used, which explains the maximum likelihood classification (MLC) to
identify the vegetation changes. Our results showed that in the study area cultivated areas under
wheat and cotton decreased by almost 5.4% and 9.1% from 1984 to 2020, respectively. Vegetated areas
have maximum values of NDVI (>0.4), and built-up areas showed fewer NDVI values (0 to 0.2) in the
District Vehari. During the Rabi season, the temperature was increased from 19.93 ◦C to 21.17 ◦C. The
average temperature was calculated at 34.28 ◦C to 35.54 ◦C during the Kharif season in the District
Vehari. Our results showed that temperature negatively affects sugarcane, rice, and cotton crops
during the Rabi season, and precipitation positively affects sugarcane, rice, and cotton crops during
the Kharif season in the study area. Accurate and timely assessment of crop estimation and relation
to climate change can give very useful information for decision-makers, governments, and planners
in formulating policies regarding crop management and improving agriculture yields.

Keywords: climate change; GIS; normalized difference vegetation index; Southern Punjab;
remote sensing
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1. Introduction

Climate change has the greatest effects on agriculture directly or indirectly world-
wide [1–3]. The average global temperature has changed by 0.85 ◦C during the last 40 years
all over the world due to anthropogenic activities [4–7]. Environmental and climatic
changes have harmful effects on the vegetation cover in the following ways: changes in the
temperature and rainfall [8], extreme heat stress and flash floods, variations in the disease
vectors, and also the transfer of the people from rural to urban regions [9–12]. Addition-
ally, economic and demographic factors can play an important role in changes in climate
and vegetation cover [13–16]. Therefore, monitoring such intensification is significant for
decision-making supports linked to food scarcity [17–19], overconsumption of water, health
security, climate change mitigation, and adaptation. Furthermore, natural climatic drivers
changed the atmospheric greenhouse gas, aerosol loading, and the properties of the Earth’s
surface, for example, volcanic eruptions, ocean currents, solar variations, topography,
albedo, and vegetation cover, could change the local or even global climate [20–23].

Vegetation is a significant component of the terrestrial ecosystem and plays a signif-
icant role in the ecosystem’s energy flow and material circulation [23,24]. Topography,
climate, and human activities; together influenced the vegetation that creates feedback
and adapting effects for human activities and climate [25–27]. The Normalized Difference
Vegetation Index (NDVI) is an important indicator for identifying vegetation cover and
is commonly used for identifying the relationship between climate change and various
crops [28–31]. The NDVI has also been used for quantitative and qualitative assessment of
vegetation cover and growth activity [32–35]. It also describes the health and greenness of
different vegetation. Understanding the relation of climate factors with NDVI is critical for
protecting environmental and natural resources [36]. Great attention had been paid to the
relationship between temperature and vegetation. More research was essential to attain
more extracted temperature and rainfall parameter accuracy [37], as well as to concentrate
on the study of climate and vegetation change, to understand the ecological impact on
urbanization and vice versa [38–40]. Monitoring cropping practices using remote sensing
(RS) is an efficient tool on a global scale [41,42]. This is due to the increasing number of
advanced civilian satellites and the high resolution of the onboard sensors. Humans’ multi-
ple cropping practices over the land surface can be monitored and captured by satellites at
different temporal and spatial scales [43–47].

By the Global Climate Risk Index (GCRI) 2014, Pakistan was ranked 3rd amongst the
worst climate-affected countries such as India, Bangladesh, etc. [48,49]. The heat wave was
analyzed over various provinces of Pakistan (Baluchistan, Punjab, and Sindh) using histori-
cal data (1997–2015) to detect the maximum and minimum temperature tendencies [50].
Southern Punjab had a population of 29 million, while Punjab’s total population at that
time was 91 million [51,52]. This region lacks sufficient resources to support its people as
most areas are undeveloped with weak infrastructure [53]. Presently, the most important
problem built-up lands suffer from is the decreasing area of vegetation land caused by
increasing temperature (non-transpiring and non-evaporating and ultimately change in
land cover) [54,55]. According to Aslam et al. [56], almost 40 million people in Pakistan are
under poverty stress; an estimated 10 million belong to the Southern Punjab region [57,58].
In the recent decade, there has been an upsurge in precipitation and temperature variation
over Southern Punjab [59]. Vehari, one of the Multan divisions, is known as King of Cotton
in Pakistan. According to Amin et al. [60], District Vehari has two agro-climatic zones
categorized as low-intensity Punjab and cotton-wheat cropping zones. These agro-climatic
zones are primarily based on changing climate patterns, crop rotation, and cropping pat-
terns in District Vehari. Therefore, it is necessary to study the relationship of vegetation
cover with climate change to improve vegetation cover and major crops in Southern Punjab,
Pakistan. The important objectives of this research are to classify major cultivated crop
changes from 1984 to 2020 using Landsat images in the District Vehari and to calculate the
NDVI trend of cultivated crops and climate changes (temperature and rainfall) from 1984
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to 2020. Additionally, we aim to show the relationship between climate change and major
crops in the District Vehari.

2. Materials and Method
2.1. Study Area

The study area is District Vehari of Southern Punjab (Pakistan). This area lies between
latitude 29◦35′51′′ N to 30◦22′21′′ N and longitude 71◦43′54′′ E to 72◦58′43′′ E approximately
(Figure 1). Geographically, District Vehari was composed of productive land with semi-
arid conditions. Months (June, July, and August) are the warmest months, with mean
temperatures ranging from 38 ◦C to 48 ◦C. This area is irrigated through the water of rivers
Ravi and Sutlej. The major crops of this area are wheat, rice, cotton, and sugarcane. The
cropping pattern of District Vehari has 2 growing periods, named Rabi and Kharif seasons.
Wheat and winter crops, mostly berseem (Trifolium alexandrinum), are grown in the Rabi
season, whereas cotton, rice, and summer crops such as (maize and sorghum) are grown
in the Kharif season. Rabi season starts in November and ends during April, as well as
Kharif season from May to October. Sugarcane is a yearly crop frequently cultivated in
September and February. Their study indicated that District Vehari had a drastic climate
change. For example, very warm in summer (up to 48.7 ◦C) and very cold (up to 1 ◦C) in
winter (Figure 2).
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Figure 1. Geographical location of study area (Vehari). Figure 1. Geographical location of study area (Vehari).

2.2. Remote Sensing Data

Multispectral images from satellite observatory Landsat data were used to identify
the cropping pattern of major crops. Landsat-based images with 30 m × 30 m spatial
resolution were downloaded from the United States of Geological Survey (USGS) website
(https://earthexplorer.usgs.gov/ (accessed on 18 April 2021)) for the years 1984, 1993, 2002,
2011, and 2020, covering the study area. For this study, Landsat 5 Thematic Mapper (TM)
for 1984 and 1993, Landsat 7 Enhanced Thematic Mapper Plus (ETM+) for 2002 and 2011,
and Landsat 8, Operational Land Imager (OLI) for 2020 were used, as shown in Table 1.
In this study, we also used Landsat 5, 7, and 8 satellite images for the NDVI and crop
extraction of Rabi and Kharif seasons. The NDVI maps were prepared using Software Arc
GIS 10.6 [61]. NDVI is also one of the most generally used vegetation indices and ranges
from −1 to 1 [62,63].

https://earthexplorer.usgs.gov/
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Table 1. Specification of Landsat satellite images.

Satellite Sensor Spatial Resolution Temporal
Resolution Paths Row Months Years

Landsat 5 TM 30 m 16 days 149 and 150 39 March and September 1984 and 1993
Landsat 7 ETM+ 30 m 16 days 149 and 150 39 March and September 2002 and 2011
Landsat 8 OLI 30 m 16 days 149 and 150 39 March and September 2020

2.3. Climate Factor Data

The rainfall, maximum and minimum temperature data were downloaded from the
website (http://power.larc.nasa.gov (accessed on 12 June 2020)) of 20 different survey
points of District Vehari from 1984 to 2020. The 3-year data sequence for all the survey
points was analyzed by running a significant test at a 95% significant level to check the
homogeneity of the data.

2.4. Survey

The survey was conducted in the districts of Vehari to collect information data about
different crops and LULC changes. Overall, 20 union councils (UCs) were selected in Dis-
trict Vehari, and from each UC, 3 villages were selected for survey using the simple random
technique (SRT). Therefore, a total of 60 surveys were conducted in the District Vehari.

2.5. Image Classification and Analysis

Landsat 5, 7, and 8 satellite images consist of different bands; 1 to 7 bands were
used to classify major crops. The first step, atmospheric correction, layer stacking, and
sub-setting, were analyzed using Landsat images based on the study area using ERDAS
imagine software 2016 [64]. Atmospheric correction is the process of removing the effects
of the atmosphere on the reflectance values of satellite images. These data processing steps
must be completed to obtain a good quality result. Second step, crop pattern distribution
maps were prepared using MLC classification and training site selections [65]. Spectral
signatures resultant from the Landsat images were noted using the pixels enclosed by these
polygons for the respective crop types [66,67]. To achieve crop classification, a supervised
classification technique based on ground truthing was employed. Supervised classification
was applied to Landsat images of 1984, 1993, 2002, 2011, and 2020 to generate classified
crop maps. ERDAS Imagine and Arc GIS software are important for extracting different
crops. A detailed methodology was presented in Figure 3.

http://power.larc.nasa.gov
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2.6. Trend and Correlation Analysis

Analysis of simple regression trend (SRT) was calculated using ArcGIS 10.6 and Mi-
crosoft Excel software. Software ArcGIS 10.6 was used to identify the NDVI characteristics.
The slope trend was used to designate the NDVI changes in the study area by using
Equation (1) [27].

Slope =
n×∑n

i=1 iNDVIi−∑n
i−1 i ∑n

i=1 NDVIi

n×∑n
i=1 i2 − (∑n

i=1 i)2 (1)

where i shows the seasonal duration (days) such as Rabi and Kharif season; n is the
monitoring year (like 1984 to 2020); NDVI means the mean values of NDVI for the studied
year; slope change in NDVI over time for different seasons, if slope > 0, it shows NDVI
trend is increasing in n years; otherwise, it is decreasing [68,69].

Rainfall and temperature affect NDVI; therefore, studying the relationship between
climate factors and vegetation cover is necessary. Partial correlation analysis (PCA) permits
that when 2 elements are concurrently connected to a 3rd variable, the effect of the 3rd
element can be removed, and the relationship between the 2 elements is analyzed, which
helps represent the relationship between NDVI and climate factors. For PCA calculation,
the relationship between the 2 variables was calculated by using equation 2 [70,71]:

rxy =
∑n

i=1

[(
xi −

··
x
)
(yi − y)

]
√

∑n
i=1

(
xi −

··
x
)2

∑n
i−1(yi − y)2

(2)

where r shows the relationship between x and y elements, xi is the NDVI as well as yi shows
the temperature and rainfall,

··
x shows the mean values of NDVI, and y shows the mean

temperature and rainfall for the corresponding period in the study area.

3. Results
3.1. Change in Major Crops

Wheat and cotton were the main crops of the Rabi and Kharif seasons. Some other
minor crops (rice, sugarcane, and vegetables) were grown in the study area. The Kharif



Atmosphere 2022, 13, 1609 6 of 18

cropping period is from May to October (south-west monsoon), and the Rabi cropping
period is from November–March (winter). The wheat area was presented at 64.7% and
59.3% in 1984 and 2020, respectively, in District Vehari (Figure 4). The wheat area decreased
by almost 5.4% from 1984 to 2020 in the study area (Figure 5). The area of other crops was
observed at 9.8% and 13.2% during 1984 and 2020, respectively, which increased by almost
3% from 1984 to 2020 during the Rabi season. The sugarcane area was observed at 17.3%
and 15.3% during 1984 and 2020, respectively. The sugarcane area decreased by almost 2%
from 1984 to 2020 in the Rabi season in the study area.
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Figure 4. Crop identification map for Rabi season (a) 1984 (b) 1993 (c) 2002, (d) 2011 and (e) 2020.

In Kharif seasons, cotton was a key crop in District Vehari, with a total cropped land
from 40.2% in 1984 to 31.1% in 2020. Cotton area decreased by 9.1% from 1984 to 2020 in
District Vehari (Figure 6). The Rice area was observed to cover 14.3% and 18% during 1984
and 2020, respectively, in the study area. The cultivated area under rice increased by almost
4% from 1984 to 2020. Another crop area, maize, was observed at 16.5% and 26.8% between
1984 and 2020 in the Kharif season (Figure 7). In the study area, the sugarcane area was
observed at 17.3% and 15.3% during 1984 and 2020, respectively. The cultivated area under
sugarcane decreased by almost 2% from 1984 to 2020. The building/fallow land increased
from 9.1% to 10.2% from 1984 to 2020 in the study area.
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Figure 7. Cultivated are major crops during Kharif seasons in District Vehari.

3.2. Trend of NDVI for Different Crops

Figures 8 and 9 showed that total selected crops had slight increasing or decreasing
trends of NDVI during the last 36 years. Mostly, the vegetation area has maximum values
of NDVI from 0.4 to 0.6, and the built-up area shows fewer values of NDVI from 0 to 0.2.
Wheat is the main crop of the Rabi season and is cultivated during November, while NDVI
values become greatest during February in the study area (Figure 8). During the Rabi
season, wheat had the maximum values of NDVI between 0.3 to 0.6, whereas the built-up
area had the minimum NDVI values for 36 years. The NDVI values of Rabi fodder also
decreased from 1984 to 2020. Our results showed a decreasing trend in the selected crop
types during the Rabi season in the study area. This decrease in NDVI values is generally
attributed to a decrease in vegetation greenness areas, especially cotton and wheat.

During the Kharif season, rice had maximum NDVI values (more than 0.6) in 1984.
However, due to decreasing rainfall, the NDVI trend in rice decreased during 2020 in the
study area. Sugarcane is regularly cultivated in February, and its NDVI trend remains low
in the Rabi season and attains maximum values during the Kharif season due to increased
vegetative growth. The NDVI trend of sugarcane had the same maximum NDVI as cotton,
from 0.3 to 0.6. The NDVI trend of cotton showed the greatest NDVI values (more than
0.6) during all seasons in 1984, but this trend decreased in 2020 (Figure 9). Cotton mainly
had fewer NDVI values, which may be mostly due to the dry and hot climate from 1984 to
2020. It is observed that the area with major crops decreased from 1984 to 2020 at a rate
corresponding to the decreased rate of vegetation greening such as NDVI. The built-up
area and barren land showed a similar trend of NDVI between (0.1 to 0.2) during the Rabi
and Kharif seasons from 1984 to 2020.

3.3. Climate Factor of the Study Area

Climate change has the greatest influence on various crops in different portions of
the biosphere [19,21]. Various climatic factors, such as temperature and rainfall, are more
related to various crops. The rainfall and temperature data were collected from field
surveys with coordinates such as latitude and longitude, fed to Arc GIS 10.6 software, and
the maps were prepared. Figure 10 represents the average temperature maps of the Vehari
district for the Rabi and Kharif seasons. During the Rabi season, the low temperature was
noted as 19.93 ◦C, and the high temperature rises to 21.17 ◦C (Figure 10). It is observed that
three survey points such as Chak 32 WB, Chak 1 WB, and Ludden, were calculated as the
minimum temperature in the study area. Similarly, Tiba Sultan Pur and Chak Rasool Pura
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were noted at maximum temperature. The average temperature was noted as 20.38 ◦C to
20.61 ◦C at Karampur during Rabi season in District Vehari. During the Kharif season, the
low temperature was calculated to be 33.59 ◦C and the high temperature rises to 35.32 ◦C.
It is clearly understood that Chak no 1WB was noted minimum temperature in the study
area. Similarly, Tiba Sultan Pur and Chak Rasool Pura showed maximum temperature.
The average temperature was calculated from 34.28 ◦C to 34.54 ◦C at Chak no 215 WB and
Ludden during the Kharif season in District Vehari.
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Figure 11 shows the average minimum and maximum precipitation for Rabi and
Kharif seasons in District Vehari. During the Rabi season, the minimum precipitation value
was noted at 39.50 mm, and maximum precipitation rises 87.32 mm. It is detected that
Tiba Sultan Pur, Ludden, and Chak Rasool Pura were calculated as minimum precipitation.
Similarly, Arain Wahan and Haji Shar recorded maximum rainfall in the study area. Average
rainfall was noted from 60.50 mm to 66.69 mm at Karam Pur and Shaikh Fazal during the
Rabi season in District Vehari. During the Kharif season, the maximum and minimum
rainfall values were noted as 128.35 mm and 193.22, respectively. From the precipitation
map, it is observed that Ludden and Arain Wahan calculated maximum rainfall. Similarly,
Chak No. 1 WB, Chak No. 215 Wb, and Haji shar recorded minimum rainfall in the study
area. Average rainfall was noted as 155–165 mm at Tiba Sultan Pur.
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3.4. Trend and Relation of Climate Factor with NDVI

Climate change significantly influences the flexibility of LULC classes in different
portions of the environment. Furthermore, climate change influenced the terrestrial life
strictly connected with hydrological cycles, thus affecting NDVI to a maximum amount [6].

Various climatic factors such as temperature and rainfall were linked with LULC.
Wheat was the major crop in the study area and was sown from the last week of November
onward. Comparatively, the high temperature was noted for wheat in the early stages
with less precipitation during November. As a result, the NDVI values were very low at
the sowing of wheat, for example, 0.2 (Figure 12). After this, temperature reduced, and
precipitation increased during January and February, causing a rise in NDVI values (up
to 0.6) of wheat growth. The temperature increased at the end of the wheat season, and
NDVI values continued to reduce till its harvest during April. In short, climate change
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positively affects rainfall, and temperature negatively affects wheat production in District
Vehari. These environments are suitable for maximum wheat yield in District Vehari, as
stated by local crop specialists, who believed that fewer temperatures during germination
would suppress crop growth; however, higher temperatures in the middle stages (mainly
in the milking step) would cause crop shriveling.
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Cotton is the second largest crop and is mostly sown in May in the study area. Com-
paratively, less temperature was noted for cotton in the early stages, with less precipitation
during May. However, after this, temperature and rainfall increased during July and
August, which is perfect for cotton cultivation. Similarly, NDVI values (up to 0.6) also
increased during these months, which showed that this area is perfect for cotton cultivation
(Figure 12). However, for a few years, rainfall decreased, which has the greatest impact
on cotton in the study area. Therefore, the temperature trends for cotton crops in the
Kharif season were not dissimilar and displayed less variation during the growing season;
however, the main difference was noted in the case of precipitation.

Rice is the third largest crop and is mostly sown in June in the study area. In areas
of rice growing, less precipitation occurs during the germination stages. After that, it
increases, resulting in a rise in NDVI in the Kharif season graph (Figure 12). Monsoon
rainfall, mostly in July, helps full rice growth. However, rainfall decreased during the last
few years, affecting rice. Sugarcane is regularly cultivated in February, and its NDVI trend
remains low in the Rabi season and attains maximum values during the Kharif season due
to increased vegetative growth. The NDVI value was comparatively static in winter, mostly
due to minimum temperature combined with less precipitation, suppressing sugarcane
vegetative activity. During the Kharif season, NDVI values of sugarcane increased due to
increased rainfall in July and August.

Climate change has affected vegetation cover worldwide [71]. Temperature and
precipitation were increasingly related to vegetation cover. To detect the relationship
between vegetation cover and climate factors, regression coefficients (R2) were completed
in District Vehari. In our research, regression (R2) 0.8346 and 0.6658 were calculated for the
temperature and rainfall, respectively (Figure 13). The regression R2 tendency indicated
that NDVI and temperature were negatively connected. Similarly, our results showed
that rainfall and NDVI were positively connected. Regression analysis presented that
temperature must increase in such areas where NDVI decreased. Our results also showed
that in such areas where rainfall increased, NDVI must increase in District Vehari. Analysis
presented that the temperature was higher in the built-up area compared to vegetation
areas and other land features. Areas with maximum NDVI values have been designated
as having sufficient vegetation, which produces cooling effects, thereby decreasing the
temperature in such areas. Our results also suggested that increasing the temperature in
the growing season had a central effect on the vegetation dynamics.
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4. Discussion

This study was utilized to examine the influence of climate change on major crops
in Southern Punjab from 1984 to 2020 using Landsat images. Landsat images were used
to classify the major crops most susceptible to environmental and climate changes. This
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technique makes a significant role in the best study of the dynamics of cultivated land
and environmental changes in the study area. Hussain et al. [72] reduced the cotton and
rice area by 4.3% and 7.1% in the Multan district during the last 30 years. According to
Hussain et al. [73], more than 15% of farmers are food insecure, and most regions are either
food insecure or are at their bottom line in Southern Punjab, Pakistan. Our results showed
that cultivated areas under wheat and cotton decreased by almost 5.4% and 9.1% from 1984
to 2020, respectively, in the study area.

On the other hand, the study area’s building/fallow land increased from 9.1% to 10.2%
from 1984 to 2020. In our study, crop rotation showed the order of crops cultivated in the
area from 1984 to 2020. Main rotations were shown in the area for autumn–spring maize in
fodder (Rabi)-fodder (Kharif) because it has short growing seasons, and farmers can grow
three times in the same cropping year.

According to Zhao et al. [74], it was observed that NDVI variation of any crop differs
spatially and temporally and thus can be used as a useful tool to study crop growth changes
over time in Burkina Faso, West Africa [75,76]. It is also observed by Usman et al. [61]. They
stated that the various crops’ starting time, as well as crop-cycle length, can be imagined
simply from NDVI trends during 2015, as less positive NDVI values (less than 0.1) represent
snow, sand, and barren land while 0.1 to 0.2 represent built-up area and different soils
in irrigated Indus Basin, Pakistan. In our study, the overall trend of NDVI showed that
vegetated areas such as cotton, wheat, rice, and sugarcane had maximum NDVI values,
and the non-vegetated areas, such as built-up areas, had minimum NDVI values. Our
results also showed a decreasing trend in various crops during the Rabi and Kharif seasons
in District Vehari. According to our study, vegetated areas have maximum values of NDVI
(greater than 0.4), and built-up areas show fewer NDVI values (0 to 0.2) in District Vehari.
The NDVI is also helpful in finding crop distribution patterns in terms of crop production
to understand cropping trends better. Seasonal data should be collected from the NDVI
time series using thresholds based on the assumption that an event in phenology has
begun when NDVI values reach a predetermined threshold. Hussain et al. [73] showed
that low temperature was detected at 27.5 ◦C and the high temperature rose to 28.1 ◦C
during 40 years in District Lodhran. According to Hussain et al. [77], the mean temperature
increased from 27.6 ◦C to 28.5 ◦C in the Multan region during the last 30 years. To our results,
the low temperature was noted as 19.93 ◦C, and the high temperature rises to 21.17 ◦C
during the Rabi season. The average temperature was calculated from 34.28 ◦C to 34.54 ◦C
during the Kharif season in District Vehari. In our study, the maximum temperature was
detected in urban areas, and the minimum temperature was observed in water bodies and
vegetation areas. The average temperature was recorded in the barren and open area [78].

Using Landsat data, Hussain et al. [79] studied a 4.5% rise in settlements and a decrease
in vegetation area from 2000 to 2020 in the Okara district of Punjab, Pakistan. According to
Khan et al. [80] showed that a vast quantity of grassland and agricultural land in Islamabad,
Pakistan, was replaced by barren land from 1993 to 2018 using Landsat images. According
to Khan et al. [80] stated that vegetation degradation decreased by 7.17% between 1990 and
2019 in the districts of Mardan and Charsadda, Khyber Pakhtunkhwa (KPK), Pakistan. In
this study, barren land and urban development increased by 5.5% and 2.23%, respectively.
In contrast, LULC change direction varies with time, geographical location, slope, and
altitude. The building/fallow land increased from 9.1% to 10.2% from 1984 to 2020 in the
study area. Our results showed that expansion in urban areas occurred probably from
1984 to 2020, depending on the ground level. Migration of the people from rural to urban
areas is the main reason for increasing city areas, which increased the strain on natural
resources and vegetation cover. Therefore, the LULC changes can be attributed largely to
an increased population in rural–urban areas. The agricultural sector mainly focuses on
obtaining food for a rising population, so the governmental capacity to support mitigation
is lacking.

According to Hussain et al. [81], the highest temperature decreased the duration of
rice and cotton crops, and rainfall positively impacted various crops during the Kharif
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season [80]. According to [76], the relationship between climate change and major crops
showed that the yields of rice and wheat crops are mainly affected by climate change in
the District of Multan, Pakistan. Our outcomes presented that wheat positively relates to
rainfall and temperature during germination. However, during March and April, temper-
ature and rainfall showed an important negative relationship with wheat production in
the study area. Therefore, the temperature harms the rice and cotton during the Kharif
season, but rainfall positively affects rice and cotton production in the study area. Climate
change, having a great variability with huge impacts on agriculture, is projected to manifest
through changes in water management, for example, especially variation in intensity and
frequency of flooding, plant diseases, livestock, water shortage, and less crop production
that directly causes decreases in the income of rural farmers.

5. Conclusions

The present research studied the relationship of temperature and precipitation with
major crops in District Vehari using RS and GIS tools. The cultivated area under wheat
and cotton decreased by almost 5.4% and 9.1% from 1984 to 2020, respectively, in District
Vehari. Our results showed that the area with major crop browning decreased from 1984
to 2020 concerning the decreased vegetation cover rate such as NDVI. To our results, the
low temperature was noted as 19.93 ◦C, and the high temperature rises to 21.17 ◦C during
the Rabi season. According to our results, the average temperature increased from 34.2 ◦C
to 34.5 ◦C in District Vehari from 1984 to 2020. According to our study, vegetated areas
have maximum values of NDVI (greater than 0.4), and built-up areas show fewer NDVI
values (0 to 0.2) in District Vehari. Climate change has positive relation between rainfall
with wheat and negative relation of temperature with wheat in District Vehari. Therefore,
the temperature harms the rice and cotton during the Kharif season. However, rainfall
has a positive relation impact on rice and cotton in the study area. Climatic situations
influence different crops; growing cotton and wheat crops were very much changed in the
District Vehari from growing regions. Our outcomes recommended that changes in rainfall
and temperature had an extreme effect on major crops related to rainfall for all vegetation
types. This is deemed necessary for supporting the study of crop management and future
planning for the region’s farmers. Agricultural areas also played an important role in
maintaining the vegetation cover in various lands. Due to the importance of vegetation
cover, there is an essential need for a suitable policy in the management of climate change
and the ecosystem in Southern Punjab. Our outcomes suggest that the relation of vegetation
cover with climate change could help as a model for future environmental improvement
and vegetation restoration in regions with similar characteristics.
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