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Abstract. Climate variability is a major challenge for humanity, especially in agricultural 
countries, like Pakistan. Crop production in Pakistan is particularly vulnerable to climate 
variability. The current research addresses the Spatio-Temporal impact of climate 
variability on crop production using the Mann-Kendall trend model (MKTM) within the 
Potohar region, Pakistan. The trends in temperature and resulting changes in rainfall 
patterns and crops production in this region have a strong relationship with temperature 
changes, as the agriculture of the Potohar region depends solely on rainfall. There are no 
alternative means of cultivation in the area so agriculture depends only on the amount and 
duration of rainfall. To conduct this study, metrological data was collected from the 
Pakistan Meteorological Department for the three meteorological stations located in the 
Potohar region. ArcGIS software was used to analyze the satellite images from four 
different times to observe changes in vegetation cover during this period. Normalize 
difference vegetation index (NDVI) and Soil adjusted vegetation index (SAVI) from 
Landsat 5 and 8 were used to assess the levels of vegetation and soil moisture. The MKTM 
method was applied to demonstrate the fluctuations in annual temperature and rainfall. 
Rainfall data showed a decrease in annual rainfall and rise in temperature in Rawalpindi 
and Chakwal districts. The Mann Kendall trend model indicated that there is no significant 
trend detected in both rainfall and temperature data. The combination of indices identified 
periods where drought is affecting cultivation. The results showed that significant changes 
occurred in vegetation cover, with image classification showed the low vegetation cover in 
recent years. The analysis further explains that the observed deviation in climate data is 
attributed to the climate variability in this region. Weather factors such as air temperature, 
humidity, and soil temperature also support the normal growth of crops, ensuring normal 
crop yields. However, significant changes in rainfall and temperature will affect crop yield 
in the future.  

Keywords: crop production, climate variability, Mann–Kendall trend model, NDVI, 
SAVI. 
 

mailto:muhammad.miandad@uog.edu.pk


2 
 

1. Introduction 

Agriculture, an essential part of the economy is highly dependent on the climate in most 

developing countries. Climate variation and its variability have become foremost defies for 

agricultural development. The increase in irregular and unpredictable weather conditions 

places an additional burden on food security and rural livelihoods. In most cases, climate 

variability has a direct adverse impact on crop production (Bonsu et al., 2022). The climate 

of an area is strongly connected to crops, and the reliability of the climate is essential for 

the forecasting of agricultural processes (Nkuba et al., 2023). 

Climate variability is expected to rise with global warming. Over the last 50 years, it has 

been observed that global temperature is increasing because of the rise of greenhouse 

concentrations in the atmosphere (Dawood et al., 2018; Al‐Ghussain, 2019). Changes in 

local rainfall patterns, warming of the seas, and melting of ice sheets have been observed 

(Golledge et al., 2019). Moreover, the global average temperature is projected to be 

increase by 1.4°C to 6.4°C by 2100 (Singh & Singh, 2012; Zachariah et al., 2022). This 

upsurge exceeds the 3°C threshold beyond which it becomes impossible to avoid dangerous 

interference with the global climate system. Globally, the temperature rise may have mixed 

effects, potentially increasing agricultural production in temperate regions while reducing 

yields in tropical regions (Lahn & Shapland, 2022). 

Changing climate is a major challenge for society, especially in a world with growing 

population. Climate change has a significant negative influence on agricultural yield and 

associated developments because one of the most sensitive sectors to climate change is 

agriculture (Mojanaga, 2022). Particularly, in tropical countries and lowland areas that are 

plagued by reduced snow and melting glaciers, these impacts are expected to be severe 

(Shivanna, 2022; Haq et al., 2025). The heat tolerance and drought threshold have already 

been reached, any further increase in temperature will contribute to a significant reduction 

in crop yield in tropical countries (Tesfaye et al., 2018; Rahman et al., 2025). Climate 

change is considered a universal occurrence, but its effects are felt more extensively in 

emerging countries because of higher vulnerability and less capability to cope with climatic 

impacts. Changes in precipitation patterns, floods, temperature, droughts, and climate 
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change are a major impact on agricultural production and have adverse effects on water 

and land resources (Lemi & Hailu, 2019). Crop productivity will be affected by climate 

change and may therefore pose food security problems. Although global warming is 

expected to increase yields due to “fertilizer effect’, it will harm poor agrarians (Tutal, 

2022) 

Changes in temperature and rainfall are the potential effects of climate variability on 

agricultural production. The effect of climate variability on agricultural production can be 

direct or indirect. The timing of the crop development is directly affected by changes in 

temperature and precipitation (Grigorieva et al., 2023). Over the years, both temperature 

and rainfall patterns have changed. At crop maturity, droughts occurrence at critical stages 

of crop growth are common along with instances of heavy rainfall (Rahman et al., 2025). 

Particularly by reducing the number of days of suitable for agricultural growth, rising 

temperatures may reduce agricultural production in the long term, while changes in rainfall 

patterns are likely to increase temporary crop failures and decline long-term production. 

Ultimately, climate variability along with population and the proliferation of pests, insects, 

weeds, and diseases make crop management challenging and expensive. Such 

circumstances are likely to harm agricultural production (Grigorieva et al., 2023).  

The climate of a region is a product that is contingent on the aggregate performance of land 

use or land cover types in the environment and the interaction between people. Vegetation 

cover in geographic areas helps us understand the causes and effects of climate change (Li 

et al., 2023; Haq et al., 2024). The role and behavior of agricultural land cover are unique. 

It not only helps to provide food but also naturally absorbs greenhouse gases such as CO2. 

According to reports, because of overgrazing and removal of vegetation for fuelwood 

purposes have caused Potohar's productivity to drop by about 2.5 to 7 times. Water erosion 

affects the agricultural environment and this degradation is evident in the result (Gong et 

al., 2015; Amir et al., 2019). 

Agriculture production is affected by various aspects of climate variability resulting mainly 

in an increase in temperature and changes in precipitation patterns, the increase in 

atmospheric CO2 absorption, the increase in extreme weather events, and the upsurge in 
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seawater levels (Sivakumar, 2021). In mountainous areas, it may be beneficial to extend 

the growing season while restricting the time for plants to grow to maturity. Winter crops 

will mature at the ideal time has a positive impact on crop yields. Not only rainfall but the 

temperature is also important for the healthy growth of crops mainly in rain-fed areas. 

Pakistan’s climate restrictions and insufficient water supply for agriculture remain hostile 

realities. To conduct more accurate and comprehensive agro-meteorological research 

throughout Pakistan, consistent evidence on atmospheric and hydrological parameters is 

needed (Hafeez et al., 2024) 

Precipitation is the utmost vital climatic variable that has an impact on the growth and 

development of field crops (Dawood et al., 2020). In the growth and development of crops, 

water serves as a means of transporting nutrients. Therefore, water scarcity can directly 

hamper crop growth and productivity (Mulla et al., 2023). The seasonal details of rainfall 

are an essential climatic element that affects the productivity and potential production of 

crops in existing farming systems. The current warning of climate variations in the 

availability of precipitation can have a major effect on crop yields (Kukal & Irmak, 2018). 

An important role in the productivity of rain-fed agriculture is the accessibility of soil 

moisture. In small-scale rainfed farms, the productivity and production potential of land 

resources are determined by the seasonal variability of rainfall. Crop production volume is 

based on the accessibility of water in the soil from planting to the crop harvesting stage 

(Alemu & Desta, 2017). 

Pakistan`s agriculture is an important economic and cultural activity that contributes 

substantially to the domestic and international production of many commodities. The 

economy of Pakistan is heavily reliant on agriculture (Hussain et al., 2016; Rahman et al., 

2017), from agriculture and agriculture-related industries, a substantial portion of the 

country's GDP comes. Pakistan is based on agriculture, covering a locality of almost 796 

Mha with a semi-arid and arid climate. In the 796 Mha, about 23 Mha are felicitous for 

agricultural engendered and proximately total 25% area under cultivation is for rainfed 

agronomy. Unluckily, rainfed farming faces multiple difficulties such as hydro stress, crust 

and soil erosion, depletion, deficiency of nutrients, the poor utilization efficiency of 

nutrients, and weed influx restricting the possible yield in this land (Baig et al., 2013).   
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Pakistan`s climate is mixed and nearly two-thirds of the country experiencing a dry climate 

(Rafiq et al., 2024). The slender mountainous region brings a humid climate. Most parts of 

southern and central Pakistan are very dry, although the country`s north side is humid, 

except for the relatively dry north extreme mountains (Hina & Saleem, 2019). Punjab is 

the most populated and established region, accounting for 59% of GDP and 76% of the 

country's annual food grain production (Hussain et al., 2012; Rahman et al., 2017). The 

scarcity of rainwater is the main drawback for growing crops in a rain-fed agro-system. So, 

short-term crops such as chickpea, groundnuts, barley, and millet are grown only through 

the wintertime preferably in the rain-fed agro-system (Naz et al., 2010; Baig et al., 2013). 

The Potohar Plateau lies in northern Punjab. The Potohar area lies between almost 32.5ºN 

and 34.0ºN latitude and between almost 72ºE and 74ºE longitude. The Study includes the 

area of Chakwal, Rawalpindi, and Jhelum Districts. These districts are called Barani areas 

because agriculture depends heavily on rainfall. Climatically, the Potohar Plateau is 

situated semi-arid region, with the summer monsoon (July-September) mostly influenced 

and partially by winter precipitation. The first rainfalls in winter are favorable for the 

sowing time of wheat in the Potohar region. Besides, early spring rains lead to healthier 

final growth and improved wheat yield in the region. It obtains about 1000 mm of 

precipitation per year, of which 63 to 67% in the monsoon season (Hassan & Goheer, 2021) 
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2. Material and Method 

Two types of data collection were used i.e. primary and secondary data. Secondary data 

on climate was collected from PMD, Islamabad, and crop data was collected from PCRS, 

agriculture department, Lahore. Almost 28 years of data on climate and agriculture were 

collected Secondary data was analyzed by using excel and excel state software to generate 

maps. Primary data sources are ground base satellite data of the required region collected 

from the USGS website (https://earthexplorer.usgs.gov/). The data was integrated with 

ArcGIS software and maps were generated to show the indices of affected areas of the 

region.  

Study Area 

The Potohar lies between 32.5ºN and 34.0ºN latitudes and between 72ºE and 74ºE 

longitudes. Potohar Plateau is surrounded by Kala Chitta and Margalla ranges on the north 

side, by the Jhelum River on the east, by the Salt Range on the south, and by Indus on the 

west (Kazmi & Rasul, 2009). This area has an elevation of about 500 to 1000 m above than 

mean sea level. Potohar region is around 13,000 km2 and located at an elevation of about 

350 to 575 meters. Most plateaus are tilted from north to east and empties into the Soan 

River in the Indus River. Nevertheless, the southeastern part of the plateau slopes east and 

empties into the Jhelum River. To the east and south, the basin margins are associated with 

Sohawa, Chakwal, Choa Saidan Shah, Kalaral Kahar, and Mianwali areas.  

The Study includes the area of Chakwal, Rawalpindi, and Jhelum Districts (Figure 1). 

These districts are called Barani areas because agriculture depends heavily on rainfall 

(Rashid & Rasul, 2011). As a result, it exhibits considerable temperature variations that 

create satisfactory conditions for extreme weather conditions. It obtains about 1000 mm of 

precipitation per year, of which 63 to 67% in the monsoon season. 
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   Figure 1. Study Area Map-Potohar Region-Pakistan 
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Data Collection 

Six meteorological stations operate in the Potohar region. These stations collect data for 

various climatological parameters like maximum temperature, minimum temperature, dry 

bulb temperature, wet bulb temperature, wind speed and direction, atmospheric pressure, 

precipitation, sunshine duration, and relative humidity. 

The study covers the period 1990–2017 crop production analysis. The observations within 

the present study lie on satellite images derived from Landsat 5 & Landsat 8. Rainfall and 

Temperature estimates measure derived from ground-based information for the year 1990–

2017. Completely altered satellite-based vegetation indices have successfully been applied 

to assess drought conditions. The vegetation index was used to measure the state of the 

vegetation (Aziz et al., 2018). 

The Landsat 5 & 7 data were used to calculate the Vegetation Indices. Ground-based 

rainfall & temperature and crop data are used to measure the influence and severity of 

vegetation conditions. Excel software was used to make the graphs of annual rainfall and 

an average temperature of 28 years. Excel state software is used to calculate the Mann-

Kendall trend test. 

Secondary Data 

Secondary Data include the maximum and minimum temperature and precipitation data 

from four weather stations, Attock, Rawalpindi, Jhelum, and Chakwal, which were used 

for the period 1990-2017 from the PMD statistics archive. The actual performance data of 

crop production for that period is used as received from the Punjab Crop Reporting Service, 

Agriculture Department, Lahore Pakistan.  

Mann–Kendall Trend Model 

The mean and maximum daily temperature and precipitation for all stations were analyzed 

using the Mann–Kendall trend mode (MKTM). To find the trends in metrological time-

series data MKTM is extensively used (Dawood et al., 2023). 

MKTM is derived as: 
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                            Eq. (I) 

The Normalized Difference Vegetation Index  

NDVI is an index of vegetation photosynthetic activity and is one of the most commonly 

used vegetation indexes. By assessing the variance between near-infrared (a strong 

reflection of vegetation) and red light (vegetative absorption), the Normalized Vegetation 

Index (NDVI) computes vegetation (Table 1).  

                                   Table 1. Classification of NDVI Range. 

Vegetation 

Classes 

 

Description 

NDVI  

Value    

1   Non- 

Vegetation    

 

Barren areas, 

 

-1 to 0.199    

2  Low  

Vegetation    

Shrub and grassland, 
    0.2 to 0.5    

 

3   High  

Vegetation    

 

Green land, 
 0.5 to 1.0    

 

NDVI = (NIR–R) / (NIR+R)    Eq. (II)  

where NIR (Near-Infrared) and RED - RED is reflected in the visual cues. It is a good 

indicator of vegetation, crop production, forest cover, and seasonal trends. The NDVI 

values range from –1 to +1 (Vani & Mandla, 2017). 
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Soil Adjusted Vegetation Index (SAVI) 

SAVI is alike NDVI but is used in those areas where vegetative coverage is low (<40%). 

When a substantial quantity of the soil surface is visible, the soil reflection can affect the 

NDVI values. On NDVI values Light reflected from the bottom have a significant Effect 

(the values can be changed by up to 20%). 

SAVI= (𝐍𝐍𝐍𝐍𝐍𝐍−𝐑𝐑𝐑𝐑𝐑𝐑)
(𝐍𝐍𝐍𝐍𝐍𝐍+𝐑𝐑𝐑𝐑𝐑𝐑+𝐋𝐋)

*(1+L)        Eq. (III)                 

"L" is a modification factor that varies from zero for very high vegetation coverage to 1 for 

very low vegetation coverage. An "L" value of 0.5 is used typically for middle vegetation 

coverage, at which time "L" equals zero SAVI becomes the same as NDVI. The 

modification factor L was found by trial and error until a factor was found that gave equal 

results for the vegetation index for the dark and light soil. 

The Climate of the Potohar Region 

Climatically, the Potohar Plateau is situated semi-arid region, with the summer monsoon 

(July-September) mostly influenced and partially by winter precipitation. The first rainfalls 

in winter are favorable for the sowing time of wheat in the Potohar region. Besides, early 

spring rains lead to healthier final growth and improved wheat yield in the region (Kazmi 

& Rasul, 2009). However, the potash level is appropriate. The pH level of soils is 7.5 to 

8.5 (Rashid & Rasul, 2011).  

3. Results and Discussions 

Continuous and abnormally dry weather causes water shortages, which may cause natural 

catastrophes, such as agricultural droughts, hydrological disparities, and many other 

serious ecological glitches. Here is a summary of crop production and climate fluctuation 

in the Potohar region. 

Rainfall Data Analysis 

The annual rainfall data from 1990 to 2017 is required from PMD. The data is first shifted 

into excel to make high and low peaks in the graph. It has been observed that the seasonal 
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pattern is strong and stable as shown in Figure 2, showing the annual rainfall of Rawalpindi, 

Jhelum and Chakwal respectively. 

The fourth-largest city in Pakistan is Rawalpindi which is a rain-fed area in the Potohar 

Plateau. The cultivation method of Rawalpindi depends entirely on rainfall. Rawalpindi is 

located at an altitude of 517 meters. Rawalpindi has a humid climate with moderate 

temperatures throughout the year. The annual rainfall in Rawalpindi shows great 

fluctuations. 
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Figure 2. Temporal annual rainfall distribution. A - Annual Rainfall in Rawalpindi, B - 
Annual Rainfall in Jhelum, C - Annual Rainfall in Chakwal 

Figure 2A shows the annual rainfall of Rawalpindi. The highest rainfall is observed in 2013 

i.e. 1734 mm and the lowest rainfall is observed in 2000 i.e. 855 mm. Furthermore, rapid 

changing behavior is observed in 2013, from the lowest in 2000, 2002, and 2009 as well. 

Whereas, the fluctuation in the rainfall pattern has been observed throughout the time 

series. The trend line slightly inclines through the series data. 

Jhelum is the regional headquarters of the Potohar region. The weather observatory in the 

region has been working for five eras, but the data used in this study covers 28 years. It 

denotes the southeast agricultural plain of the plateau. The Jhelum River passes through 

the zone, but due to its uneven altitude, it cannot be used for crop cultivation. Thus, 

agriculture depends entirely on rainfall. 

Figure 2B shows the annual rainfall of Jhelum. The highest rainfall is observed in 1997 i.e. 

1333 mm and the lowest rainfall is observed in 2009 i.e. 542 mm. Furthermore, rapid 

changing behavior is observed from 2005 to 2006, from lowest in 2002, 2005 and 2009 as 

well. Whereas, there is no such fluctuation in the rainfall pattern has been observed 

throughout the time series. The trend line has been shown to continue the declining trend 

in the data. 

Chakwal is located on the south side of the Potohar plateau, at 33°N latitude and 73°E east 

longitude. The rainfall fluctuates greatly. During the study period, most of the rainfall was 
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less than normal rainfall. Rain upsets the harvest of crops in this case the harvest is not 

good. 

Figure 2C shows the annual rainfall of Chakwal. The highest rainfall is observed in 2014 

i.e. 915 mm and the lowest rainfall is observed in 2009 i.e. 437 mm. Furthermore, rapid 

changing behavior is observed in 2012 and onward, and stability in the pattern has been 

observed from 2010 to 2012 and 2016 as well. Whereas, the fluctuation in the rainfall 

pattern has been observed throughout the time series. The trend line has been showing a 

continuing incline trend in the series of data. 

From the above figure, it can be concluded that Rawalpindi and Chakwal show similar 

fluctuating behaviors to rainfall. On the other hand, Jhelum has an unpredictable pattern. 

This is because Jhelum's crops are not entirely dependent on rainfall. 

Temperature Data Analysis 

The annual average temperature data from 1990 to 2017 is required from PMD. The data 

is first shifted into excel to make high and low peaks in the graph. It has been observed that 

the seasonal pattern is strong and stable as shown in Figure 3, showing the annual rainfall 

of Rawalpindi, Jhelum, and Chakwal respectively. 
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Figure 3. Temporal Distribution of Annual Average Temperature. A - Annual average 
temperature in Rawalpindi, B. Average annual temperature in Jhelum, C - Annual average 
temperature in Chakwal 
 

Figure 3A shows the annual average temperature of Rawalpindi. The highest temperature 

is observed in 1996 i.e. 29 ºC and the lowest temperature is observed in 1995 i.e. 10 ºC. 

Furthermore, rapid changing behavior is observed from 1995 to 1996. Therefore, stability 

in the pattern has been observed from 1997 onward. The trend line slightly inclines through 

the series data. 

Figure 3B reveals the annual average temperature of Jhelum. There is no fluctuation in the 

temperature of Jhelum in these periods. The average temperature of Jhelum has been 
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observed between 22 to 24 ºC. Therefore, stability in the pattern has been observed the 

same throughout the period. The trend line remains the same throughout the series of data 

Chakwal metrological station has been established in 2009. So that the ground base data 

has been collected from 2009 to 2017. Figure 3C shows the annual average temperature of 

Chakwal. The highest temperature is observed in 2009 i.e. 23 ºC and the lowest temperature 

is observed in 2010 i.e. 14 ºC. Furthermore, rapid changing behavior is observed from 2009 

to 2010. Therefore, stability in the pattern has been observed from 2011 onward. The trend 

line slightly inclines through the series data. 

Crop Data Analysis 

The annual average temperature data from 1990 to 2017 is required from PMD. The data 

is first shifted into excel to make high and low peaks in the graph. It has been observed that 

the seasonal pattern is strong and stable as shown in Figure 4, showing the annual rainfall 

of Rawalpindi, Jhelum, and Chakwal respectively. 

Figure 4A depicts the production of wheat, gram, and maize in the study area. Wheat crop 

production in the Rawalpindi district from 1990 to 2017, shows less production in 2001 

and 2010. The wheat crop production was affected by drought during 2000-2004 and by 

flood during 2009–2014 as compared to other usual years.  

Gram crop production in the Rawalpindi district from 1990 to 2017 shows remain the same 

production. The gram crop production remains constant throughout the spell there are no 

major improvements in the production. There is almost no cultivation of gram in this area. 
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Figure 4. Crop Production in the study area. A - Rawalpindi, B - Jhelum, C - Chakwal 
districts 
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Maize crop production in the Rawalpindi district from 2001 to 2017 shows less production 

from 2001- 2010. It is obvious the wheat crop production during 2001-2013 that drought 

spell (2010) disrupt the crop production as compared to other normal years. In 2014, there 

was a little surge in production, but in 2015, it dropped again.  Due to data limitations 

couldn`t get data from past years. 

Wheat crop production in the Jhelum from 1990 to 2017 shows less production in 2001 

and 2010. It is obvious from the wheat crop production during 1999-2004 and 2009–2014 

that a drought spell disturb the crop production as compared to other usual years. After 

2014, there was a little rise in production that dropped again in 2017. 

Figure 4B depicts the gram crop production in the Jhelum district from 1990 to 2017. Data 

shows a similar production. It is evident from data that the gram crop production remains 

constant throughout the spell there are no major improvements in the production. There is 

almost no cultivation of gram in this area. 

Maize crop production in the Jhelum district from 2001 to 2017 shows an increase in 

production in 2014- 2017. It is obvious from the maize crop production during 2008-2017 

that continue an upsurge in crop production as compared to previous years. Due to data 

limitations couldn`t get data from past years. 

Figure 4C reveals wheat crop production in the Chakwal from 1990 to 2017, which shows 

great fluctuation during the whole spell. It is obvious the wheat crop production during 

2001-2004 and 2009–2010 that drought spell affected the crop production as similar to 

other usual years. After 2014, there is a little rise in production that dropped again in 2017. 

Gram crop production in the Jhelum district from 1990 to 2017 shows less production. The 

gram crop production remains constant throughout the spell (1990-2003). There is slightly 

rise in production after 2004-2007. After 2015, it dropped again. 

Maize crop production in the Jhelum district from 2001 to 2017 shows no production. It is 

obvious from the maize crop production during 2008-2017 that no changes in crop 

production. There is almost no cultivation of maize in this area. Due to data limitations 

couldn`t get data from past years. 
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Crop Indices 

For any improvements and monitoring of the drought conditions, an accurate estimation of 

vegetation is essential. It is difficult to obtain the data for whole areas by using traditional 

methods where the need for highly qualified people with immense information from the 

area. Remote sensing tools can give vegetation information in sequential data over time. 

Remote sensing figures were used to display vegetation bio phenology and health 

eminence. It is economically viable to measure vegetation production in large areas. 

Satellite data of Landsat 5 and 7 were used to obtain the data, this data is accused of ArcGIS 

software to get the results. Five images are taken with a gap of 10 years respectively to 

analyze the changes that occur during these years. All these images are collected during 

the month of crop harvest like April. 

Normalize difference Vegetation Index 

The Normalized Difference Vegetation Index (NDVI) is an extensively used vegetation 

quality and spread area index. Rouse is the first who used Normalized Difference 

Vegetation Index. The potency of vegetation is measured with NDVI. Regarding the 

NDVI, the obtained value ranges from −0.45 to 1 (Figure 5). The positive values shows the 

healthy vegetation areas. The results revealed in 1990 followed by 2017 while the years 

1999 and 2009 showed low vegetation cover as it these were dry years in Pakistan as 

reported by different researchers (Rahman et al., 2018; Rafiq et al., 2022; Rafiq et al., 

2023).  
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Figure 5.  Spatial distribution of Normalize Difference Vegetation Index 

Soil Adjusted Vegetation Index 

SAVI is used to precise the Normalized Vegetation Index (NDVI) for the effects of soil 

intensity in areas with low vegetation coverage. Figure 6 shows the classification of SAVI 

in the area. The SAVI derived from Landsat surface reflectance is the ratio of R and NIR 

values, and the soil brightness correction factor (L) is distinct as 0.5 to suit most land cover 

types. The value of L varies with the quantity of coverage of green vegetation: in very high 

vegetation areas, L = 0; in areas without green vegetation, L = 1. Usually, L = 0.5 works 

well in most cases and is the default value used. When L = 0, then SAVI = NDVI. 

SAVI and NDVI are highly allied with vegetation values. SAVI foils NDVI, which has 

vegetation and forest cover on the land cover. The background soil affects NDVI values, 

which are subjected to bare vegetation in the land cover. The higher the SAVI value means 

more vegetation; moderate greenish color means normal vegetation, and purple color 
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means no vegetation. In 1990, the Rawalpindi district shows the highest values, Jhelum 

shows moderate values, and Chakwal and the lower Jhelum shows the least values.  

 

   Figure 6.  Spatial distribution of Soil Adjusted Vegetation Index 

After 10 years in 1999, there is some difference observed in Chakwal district vegetation 

which shows moderate values, Rawalpindi and Jhelum shows more vegetation. Here 

Reflectance of settlement can also change the values of SAVI. Forest values are similar in 

both NDVI and SAVI (Figures 5&6). In 2009, only the Rawalpindi district shows the 

highest values SAVI as compared to other. However, the other two districts Chakwal and 

Jhelum show the least values and drought prevailing conditions with low vegetation. In 

2017, the vegetation condition looks better, both Rawalpindi and Jhelum shows healthier 

vegetation condition. Rawalpindi shows high values and Jhelum shows moderate values. 

On the other side, in Chakwal district most of the areas show moderate values but the 

western part shows the least values.  
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Spatio‑statistical trend analysis of Annual mean temperature and rainfall using 

Mann-Kendall Trend Test 

The Mann-Kendall trend is a rank-based statistical technique used to assess the significance 

of trend in time series data. The Mann-Kendall trend test is employed to identify significant 

decreasing or increasing trends in long-term temporal data such as, rainfall, temperature, 

evapotranspiration, humidity, pressure and streamflow. 

The MK trend lies on 2 hypotheses; one is the null (Ho) and also the alternative is the 

various (H1) hypothesis. The Ho existence of no trend whereas H1 explains important 

rising or decline in precipitation or temperature information. 

The temperature, Rainfall data sequence was analyzed by using MS Excel and Addinsoft 

XLSTAT. Addinsoft XLSTAT (2012) has been used to perform MKTM, and for the null 

hypothesis (Ho), the significance level is 95%. Use non-parametric MKTM for analyzing 

time series data from selected weather stations. The MKTM was applied to statistical 

temperature data of all distinguished met stations. The Mann-Kendall model noted that if 

the p-value ≤ the importance level (α = 0.05), then Ho is going to be refused. Refusing Ho 

means there is a transparent trend within the statistical data. On the opposite hand, if the p-

value is bigger than the importance level (0.05), Ho is accepted. Accepting Ho means no 

obvious trend has been detected. By refusing the null hypothesis, the result is going to be 

statistically substantial. 

The results of both rainfall and temperature detected no significant trend which means the 

p value was greater than 0.05 at 95% significance level. This indicate that both rainfall 

and temperature shows variation in the study area but these changes are not exhibit any  

significance as shown in Table 2.  

 

 

 

 

Table 2. Mann–Kendall trend test results of annual average temperature and annual rainfall for all the met stations. 



22 
 

 

 

4. Conclusion 
The trends in temperature and resulting changes in rainfall patterns and production of crops 

especially in Potohar region have a robust relationship with temperature changes because 

the agriculture of the Potohar region depends on rainfall. There are no other means of 

cultivation in the area so agriculture in this area depends only on rainfall intensity. The 

study reveals that the crop situation of this region is at high risk as seen from 1998 to 2001 

and then from 2009 to 2014 the situation of crops indicates drought situations. As seen the 

rainfall of the region was in a huge fluctuation. Rainfall in Rawalpindi met station showed 

the drought prevailing condition from 1998 to 2005 then 2009 to 2014; same as for district 

Jhelum the rainfall conditions are not favorable for the crops. For the Chakwal district data 

was limited so it`s hard to predict the situation of rainfall and temperature situation. On the 

other hand, in the temperature scenario of Rawalpindi, the trend is to increase for 

temperature rise yearly. The temperature trend of Jhelum is slightly increasing but in 

Chakwal, district data shows the increasing temperature trend situation. Crop production 

was affected by the drought and flood of 2010.  

The study also focused on the vegetation indices to detect the vegetation or crop condition 

by satellite images with a gap of 10 years. The images show the vegetation cover with 

different periods from 1990 to 2017 images, there is a huge difference that occurred in 27 

years of data. Low vegetation cover was detected in 1999 and 2017. There is no irrigation 

 
Annual Rainfall Annual Average Temperature 

 

Name of 
met station 

Mann–
Kendall 
statistics 

Kendall’s 
Tau (τ) 

Variance 
(S) 

p-
value  
(two-
tailed 
test)  

Model 
interpretation 

Mann–
Kendall 
statistics 

Kendall’s 
Tau (τ) 

Variance 
(S) 

p-value  
(two-
tailed test)  

Model 
interpretation 

Rawalpindi 57 0.16 2301 0.246 Accept Ho  
(NSTD) 

29 0.08 2301 0.563 Accept Ho  
(NSTD) 

Jhelum -19 -0.05 2301 0.711 Accept Ho 
(NSTD) 

-52 -0.13 2562 0.317 Accept Ho 
(NSTD) 

Chakwal 6 0.21 65.33 0.548 Accept Ho 
(NSTD) 

8 0.28 65.33 0.399 Accept Ho 
(NSTD) 
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system in the area, crops are dependent on rainfall. Therefore, crop production may be 

affected by climate variability.  

Future efforts to make situations for crop conditions will not only provide useful 

information for meteorological science research platforms in Pakistan and even in South 

Asia. In further research, the results need to be linked with the output of other models to 

make an ample assessment and achieve higher reliability in future predictions. 

References 

Al‐Ghussain L., 2019, Global warming: review on driving forces and mitigation. Environmental 
Progress & Sustainable Energy 38(1): 13-21.  

Alemu M.M. & Desta F.Y., 2017, Seasonal rainfall and crop productivity in South West Ethiopia: 
Preliminary analysis for recent climate. International Journal of Water Resources and 
Environmental Engineering 9(10): 211-217.  

Amir S., Saqib Z., Khan A., Khan M.I., Khan M.A. & Majid A., 2019, Land cover mapping and 
crop phenology of Potohar Region, Punjab, Pakistan. Pakistan Journal of Agricultural 
Sciences 56(1): 187-196.  

Aziz A., Umar M., Mansha M., Khan M.S., Javed M.N., Gao H., Farhan S.B., Iqbal.I., Abdullah 
S.J.G., 2018, Assessment of drought conditions using HJ-1A/1B data: a case study of 
Potohar region, Pakistan. Geomatics,Natural Hazards and Risk 9(1): 1019-1036.  

Baig M.B., Shahid S.A. & Straquadine G.S., 2013, Making rainfed agriculture sustainable through 
environmental friendly technologies in Pakistan: A review. International Soil and Water 
Conservation Research 1(2): 36-52.  

Bonsu P.O., Mensah R.O. & Frimpong A., 2022, The impact of climate variability on agricultural 
food crop production and output: the case of some selected communities in Offinso South 
District of Ghana. Archive of Food and Nutritional Science 2022(6): 82-89.  

Dawood M., Rahman A.-u., Rahman G., Nadeem B. & Miandad M., 2023, Geo-statistical analysis 
of climatic variability and trend detection in the Hindu Kush region, North Pakistan. 
Environmental Monitoring and Assessment 196(1), 4. doi:10.1007/s10661-023-12175-9 

Dawood M., Rahman A.-u., Ullah S., Mahmood S., Rahman G. & Azam K., 2020, Spatio-statistical 
analysis of rainfall fluctuation, anomaly and trend in the Hindu Kush region using ARIMA 
approach. Natural Hazards 101(2): 449-464. doi:10.1007/s11069-020-03881-5 

Dawood M., Rahman A.-u., Ullah S., Rahman G. & Azam K., 2018, Spatio-temporal analysis of 
temperature variability, trend, and magnitude in the Hindu Kush region using Monte Carlo 
and Sen’s slope approaches. Arabian Journal of Geosciences, 11(16), 471. 
doi:10.1007/s12517-018-3823-9 

Golledge N.R., Keller E.D., Gomez N., Naughten K.A., Bernales J., Trusel L.D. & Edwards T.L., 
2019, Global environmental consequences of twenty-first-century ice-sheet melt. Nature 
566(7742): 65-72.  

Gong Z., Kawamura K., Ishikawa N., Goto M., Wulan T., Alateng D., Yin T. & Ito Y., 2015, 
MODIS normalized difference vegetation index (NDVI) and vegetation phenology 
dynamics in the Inner Mongolia grassland. Solid Earth 6(4), 1185.  

Grigorieva E., Livenets A. & Stelmakh E., 2023, Adaptation of Agriculture to Climate Change: A 
Scoping Review. Climate 11(10), 202. Retrieved from https://www.mdpi.com/2225-
1154/11/10/202 

http://www.mdpi.com/2225-1154/11/10/202
http://www.mdpi.com/2225-1154/11/10/202


24 
 

Hafeez S., Aftab R. & Mirza B., 2024, Assessing the impact of climate-driven water stress on 
agriculture growth of Pakistan. Journal of Humanities, Social and Management Sciences 
(JHSMS) 5(1): 36-66.  

Haq F., Afreen M., Mark B.G., Rahman G., Shum C.K., Shutkin T.Y. & Tjoelker A.R., 2025, 
Localized environmental variability within the Hindukush-Himalayan region of Pakistan. 
Environmental Earth Sciences 84(4), 105. doi:10.1007/s12665-025-12112-8 

Haq F., Mark B.G., Shum C.K., Zeballos-Castellon G. & Rahman G., 2024, Effectiveness of Billion 
Trees Tsunami Afforestation Projects in restoration of forests in Pakistan. Environment, 
Development and Sustainability. doi:10.1007/s10668-024-04573-x 

Hassan S.S. & Goheer M.A., 2021, Modeling and monitoring wheat crop yield using geospatial 
techniques: a case study of Potohar region, Pakistan. Journal of the Indian Society of 
Remote Sensing 49(6): 1331-1342.  

Hina S. & Saleem F., 2019, Historical analysis (1981-2017) of drought severity and magnitude 
over a predominantly arid region of Pakistan. Climate Research 78(3): 189-204.  

Hussain M., Ahmed M.S.A., Hameed M., Aqeel M., Rasool S.-Ur & Ahmod A., 2012, Threats to 
rainfed and canal irrigated agro-ecosystems of the Punjab, Pakistan by weed infestation. 
Pakistan Journal of Botany 44: 171-178.  

Hussain Y., Ullah S., Dilawar A., Akhter G., Martinez-Carvajal H. & Roig H.L., 2016, Assessment 
of the pollution potential of an aquifer from surface contaminants in a geographic 
information system: a case study of Pakistan. Geo-Chicago 269: 623-632. 

Kazmi D.H. & Rasul G., 2009, Early yield assessment of wheat on meteorological basis for Potohar 
Region. Journal of Meteorology 6(11): 73-87.  

Kukal M.S. & Irmak S., 2018, Climate-driven crop yield and yield variability and climate change 
impacts on the US Great Plains agricultural production. Scientific reports 8(1): 1-18.  

Lahn G. & Shapland G., 2022, Cascading climate risks and options for resilience and adaptation in 
the Middle East and North Africa. Chatham House, p. 463-472.  

Lemi T. & Hailu F., 2019, Effects of climate change variability on agricultural productivity. Int. J. 
Environ. Sci. Nat. Resour 17: 14-20.  

Li Z.L., Wu H., Duan S.B., Zhao W., Ren H., Liu X., Leng P., Tang R., Ye X. & Zhu J., 2023, 
Satellite remote sensing of global land surface temperature: Definition, methods, products, 
and applications. Reviews of Geophysics 61(1), e2022RG000777. https:// 
doi.org/10.1029/2022RG000777  

Mojanaga M.D., 2022, Determination of the physiological function of a Zea mays pentatricopeptide 
repeat protein through cultural studies. Dissertation for the degree Master of Science in 
Biology at the North-West University, Mafikeng Campus,  South Africa  

Mulla S., Ahmed R., Singh K., Singh S.K., Deshmukh N. & Inamdar F.K., 2023, Climate Change 
Effect On-Climate Parameters Like Temperature, Rainfall and Water Resources Sectors in 
India, [in:] Climate Change Impacts in India, p. 9-59, Springer. doi:10.1007/978-3-031-
42056-6_2 

Naz N., Hameed M., Sajid Aqeel Ahmad M., Ashraf M. & Arshad M.F., 2010, Is soil salinity one 
of the major determinants of community structure under arid environments? Community 
Ecology 11(1): 84-90.  

Nkuba M.R., Chanda R., Mmopelwa G., Kato E., Mangheni M.N., Lesolle D., Adedoyin A. & 
Mujuni G., 2023, Factors associated with farmers’ use of indigenous and scientific climate 
forecasts in Rwenzori region, Western Uganda. Regional Environmental Change, 23(1), 4.  

Rafiq M., Cong Li Y., Cheng Y., Rahman G., Zhao Y. & Khan H.U., 2023, Estimation of regional 
meteorological aridity and drought characteristics in Baluchistan province, Pakistan. PLOS 
ONE 18(11), e0293073. doi:10.1371/journal.pone.0293073 

Rafiq M., Cong Li Y., Rahman G., Sohail K., Khan K., Zahoor A., Gujjar F. & Kwon H.H., 2024, 
Regional characterization of meteorological and agricultural drought in Baluchistan 
province, Pakistan. PLOS ONE 19(8), e0307147. doi:10.1371/journal.pone.0307147 

http://dx.doi.org/10.1007/978-3-031-42056-6_2
http://dx.doi.org/10.1007/978-3-031-42056-6_2


25 
 

Rafiq M., Li Y.C., Cheng Y., Rahman G., Ali A., Iqbal M., Latif A., Ali I., Rehan A. & Zahoor A., 
2022, Spatio-Statistical Analysis of Temperature and Trend Detection in Baluchistan, 
Pakistan. Ecological Questions 33(3): 67-78.  

Rahman G., Jung M.-K., Kim T.-W. & Kwon H.-H., 2025 Drought impact, vulnerability, risk 
assessment, management and mitigation under climate change: A comprehensive review. 
KSCE Journal of Civil Engineering 29(1), 100120. 
doi:https://doi.org/10.1016/j.kscej.2024.100120 

Rahman G., Rahman A.-u., Anwar M.M., Ahmed M., Ashraf H. & Zafar U., 2017, Socio-economic 
Damages caused by the 2014 Flood in Punjab Province, Pakistan: Socio-Economic 
Damages caused by the 2014 Flood in Punjab. Proceedings of the Pakistan Academy of 
Sciences: B. Life and Environmental Sciences, 54(4): 365-374. Retrieved from 
https://ppaspk.org/index.php/PPAS-B/article/view/390 

Rahman G., Rahman A., Ullah S. & Dawood M., 2018, Spatial and temporal variation of rainfall 
and drought in Khyber Pakhtunkhwa Province of Pakistan during 1971–2015. Arabian 
Journal of Geosciences 11(3): 1-13.  

Rashid K. & Rasul G., 2011, Rainfall variability and maize production over the Potohar Plateau of 
Pakistan. Pakistan Journal of Meteorology 8(15): 63-74. 

Shivanna K.R., 2022, Climate change and its impact on biodiversity and human welfare. 
Proceedings of the Indian National Science Academy 88(2): 160-171.  

Singh B.R. & Singh O., 2012, Study of impacts of global warming on climate change: rise in sea 
level and disaster frequency, [in:] Bharat Raj Singh (ed.), Global Warming—Impacts and 
Future Perspective, pp. 94-118.  

Sivakumar M., 2021, Climate change, agriculture adaptation, and sustainability, [in:] Climate 
resilience and environmental sustainability approaches: Global Lessons and Local 
Challenges, pp. 87-109.  

Tesfaye K., Kruseman G., Cairns J.E., Zaman-Allah M., Wegary D., Zaidi P.H., Boote K.J., Rahut 
D. & Erenstein O., 2018, Potential benefits of drought and heat tolerance for adapting 
maize to climate change in tropical environments. Climate Risk Management 19: 106-119.  

Tutal O., 2022, Impact of Climate Change on Agricultural Production and Yield in Turkey. 
Marmara Universitesi (Turkey).  

Vani V. & Mandla V.R., 2017, Comparative Study of NDVI and SAVI vegetation Indices in 
Anantapur district semi-arid areas. International Journal of Civil Engineering and 
Technology 8(4): 559-566.  

Zachariah, M., Vautard, R., Schumacher, D. L., Vahlberg, M., Heinrich, D., Raju, E., Thalheimer, 
L., Arrighi, J., Singh, R., Li, S., Sun J., Vecchi G., Yang W., Seneviratne S.I., Tett S.F.G., 
Harrington L.J., Wolski P., Lott F.C., McCarthy M., Tradowsky J.S. & Otto F.E.L., 2022, 
Without human-caused climate change temperatures of 40°C in the UK would have been 
extremely unlikely. World Weather Attribution (July 28, 2022). 

 

 

https://www.researchgate.net/journal/International-Journal-of-Civil-Engineering-and-Technology-0976-6308?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/International-Journal-of-Civil-Engineering-and-Technology-0976-6308?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

	2. Material and Method
	Two types of data collection were used i.e. primary and secondary data. Secondary data on climate was collected from PMD, Islamabad, and crop data was collected from PCRS, agriculture department, Lahore. Almost 28 years of data on climate and agricult...
	Study Area
	Data Collection
	Secondary Data
	Mann–Kendall Trend Model
	The Normalized Difference Vegetation Index
	Soil Adjusted Vegetation Index (SAVI)
	The Climate of the Potohar Region


	3. Results and Discussions
	Rainfall Data Analysis
	Temperature Data Analysis
	Crop Data Analysis
	Crop Indices
	Normalize difference Vegetation Index
	Soil Adjusted Vegetation Index



