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This study aimed at assessing the climatic temperature and precipitation across 
agroecological zones during cropping seasons. Moreover, climatic variations in 
Pakistan for both parameters were gauged across defined Agroecological zones 
comprising both cropping seasons traditionally known as Rabi (Winter/Wheat 
growing) and Kharif (Autumn/Rice growing). Targeting comprehensive analysis, 
each season further disintegrated into the three stages i.e., sowing, flowering and 
harvesting stages. We incorporated meteorological data from 1961 to 2017, further 
climatic parameters extracted by employing a 30-years moving average of monthly 
means. The study revealed that the three zones having rugged topography were 
highly vulnerable during Rabi (Winter/Wheat growing) Season having +0.5oC 
variation in climatic temperature, whereas more than 20mm steep rise in climatic 
precipitation, it may cause increased or frequent flooding in lower plains. While the 
zones having smooth and plane topography are much more susceptible during Kharif 
(Autumn/Rice growing) Season having + 0.75oC variation in climatic temperature, 
whereas more than 10mm decline in climatic precipitation may lead to drought 
conditions. Vulnerability in climatic parameters becomes uncertain and intense 
which leads to extreme events. However, variation of climatic parameters elevated 
from +1oC to +1.75oC and from + 25mm to + 40mm respectively during last five 
decades. It indicates severe threats for agriculture production particularly and 
sustainability in general. There is a dire need of promoting adaptation strategies to 
mitigate the risk for the growing population of Pakistan.                                                          
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INTRODUCTION 

Climate change is an antediluvian phenomenon but after 

the inception of the 20th century, a significant rise was 

observed in greenhouse gases due to the upsurging of 

anthropogenic activities, which caused an increase in 

average global temperature and disrupts the 

hydrological cycle by intensifying the evaporation 

process and by escalating water withholding capacity of 

atmosphere (Chambers, 2020). A high rate of 

evaporation results in severe droughts whereas some 
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regions get superfluous precipitation, therefore resulting 

in intense floods (UCAR, 2021). From the beginning of 

the 21st century, climate change has become the top 

priority concern for humans because it has influenced 

and affected both the natural and human systems by 

disrupting food supplies (agriculture), creating health 

hazards and increasing vulnerability to exposed eco-

systems (IPCC, 2014). Human activities, especially the 

burning of fossil fuels, are the major factor responsible 

for the rise in the rate of change in climatic variables i.e., 

temperature and precipitation. On the other hand, 

variation in such extreme events is natural but the 

effects of climate change exacerbate the natural climatic 

variability (Anwar et al., 2015). However, the effect of 

these changes is not the same and varies according to 

geography/topography (Dickinson et al., 2015) and level 

of economic development across the world (IPCC, 2014; 

Myers-Smith et al., 2015). Furthermore, the sea level is 

also rising continuously and coastal areas are facing 

future extinction (IPCC, 2007). Climatic factors are like 

ingredients or drivers of human life because variability 

in these factors leads to fluctuation in the harmony of 

life. Extreme events and variability in climatic factors 

have become more intensive and frequent since 1950 

(IPCC, 2014), which accentuates the vulnerability of 

poor communities. Similarly, developing and the least 

developed countries (LDCs’) face greater challenges due 

to climate change as compared to the developed 

countries (IPCC, 2014). It is due to their weak economy 

coupled with poor infrastructure. The fourth Assessment 

Report of IPCC notified that variability in climatic factors 

will further exacerbate the flood and drought in Asia. In 

2015, the UNDP report revealed that Pakistan figures in 

a dominant position in the climate risk index, despite 

very little share in global greenhouse gases emission 

(Khan, 2014). While Pakistan has witnessed such events 

including a series of floods (Wang et al., 2011), droughts 

(Gadiwala and Burke, 2019) and heat waves (Masood et 

al., 2015). Pakistan has a variety of ecologies including 

high mountains followed by fertile Indus plain (Naheed 

and Rasul, 2010), where a large proportion of the 

population is reliant on climate-sensitive economic 

sectors i.e. agriculture and energy (Salik et al., 2015). 

Such catastrophic events have their negative economic 

impact besides loss of life and infrastructure. 

Pakistan is geographically located between 24 -34oN 

latitude and 62 -75oE longitude, the western zone of 

South Asia (Salma et al., 2012). Such diversified 

topography contributes to the extent of variability in 

climatic conditions along different regions across the 

country (McSweeney et al., 2010). The total area of 

Pakistan is 79.6 million hectares, out of which almost 

34.5 million hectares are arable (Kazmi and Rasul, 

2012). Being an agrarian economy, agriculture 

contributes 19.3% to Pakistan’s GDP, while providing 

livelihood to 43.5 percent of the labour force 

(Government of Pakistan, 2020). There are two cropping 

seasons which Rabi season includes normally the 

months from November to April, whereas Kharif 

(Autumn/Rice growing) season comprises the months 

from May to October (Siddiqui et al., 2012). Pakistan has 

an increasing demand for agriculture due to significant 

population growth, as agriculture provides food and 

fibre to mankind. Unfortunately, growth in agriculture 

particularly in the crop subsector has been declining for 

the last couple of decades due to climate change and 

other factors. Due to variability in climatic factors, both 

the food and livelihood of Pakistan residents are under 

threat (Salik et al., 2015). Water and level of 

temperature significantly affect the productivity and 

production at different stages of crop development i.e. 

sowing, flowering and harvesting (Ashfaq et al., 2011), 

which demand favourable policies for developing a 

comprehensive model for adaptations vis-à-vis climatic 

variations. 

Previous literature exposed that Pakistan suffered from 

an average temperature higher than the global average 

(Gadiwala and Burke, 2019), while a 3.8oC increase in 

mean temperature is projected by 2100 for Pakistan 

(Salik et al., 2015). Precipitation in Pakistan is 

categorized into two seasons mainly. The first is, the 

Indian monsoon in summer and the second is the 

western disturbances in winter (Wang et al., 2011; 

Ahmad et al., 2015). Numerous studies have been 

conducted to assess the weather and climatic conditions 

of Pakistan from several perspectives. Ahmad et al. 

(2015) investigated the variability in winter-spring 

precipitation and revealed a decreasing trend. In 

contrast, Wang et al. (2011) addressed climate change 

leads to a two-stage monsoon in Pakistan, a major cause 

of floods. While Gadiwala and Burke (2019) and Naheed 

and Rasul (2010) investigated the annual rainfall 

variability for Pakistan due to climate change. Whereas 

rainfall trends according to latitudinal zones of Pakistan 

are investigated by Salma et al. (2012). Moving ahead 

Babar et al. (2015) assessed the impact of climate 
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change on Rabi (Winter/Wheat growing) and Kharif 

(Autumn/Rice growing) crops for KPK Pakistan. 

However, Rasul and Ahmad (2012) established the facts 

to assess the variability of the Indus Delta to climate 

change. While International Union for Conservation of 

Nature and Natural Resources (IUCN, 2012) conducted a 

situation analysis of coastal districts of Balochistan 

province for climate change. Moreover, Sadiq and 

Qureshi (2010) estimated the climatic variability for five 

major cities of Pakistan. However, there is no significant 

study regarding climate change according to the 

Agroecological zones of Pakistan. Forecast and 

variability in precipitation serve as important for 

agriculture growth, where almost 88 percent area of 

Pakistan is attributed as arid and semi-arid (Mazhar et 

al., 2020). Changing in climate having several socio-

economic dimensions having different mechanisms 

(Abdullah et al., 2016). Assessment of climate change 

and the direction of its effects provide information to 

reduce uncertainty attached with agriculture (Jäger et 

al., 2014). This study was concocted to achieve 

objectives. It provides a keen insight to observe the 

pattern of climate change from which a valid and fruitful 

adaptation policy could be drawn to cope with climatic 

effects which are beneficial for farming communities to 

reduce their crop risk and improve their socio-economic 

conditions while providing a sustainable life. This study 

mainly aimed at. 

•To assess climatic parameters for each zone from 

its time-series metrological data. 

•To evaluate the variability in climatic parameters 

(temperature and precipitation) across 

Agroecological zones during Rabi (Winter/Wheat 

growing) and Kharif (Autumn/Rice growing) 

seasons for Pakistan. 

•To capture the trend of variability in both 

climatic variables during both Rabi and Kharif 

seasons. 

 

METHODOLOGY 

Study area and data 

Pakistan, the study area, was classified into ten 

agroecological zones by PARC (1980) and Muhammad 

(1986) (See Table 1). This was done based on land use, 

soil type, climate and other physiographic 

characteristics. For estimating climate variability, one 

district from each zone/region was selected and district 

selection was based on the following consideration: (a) 

Whole district lies in the same zone. (b) Districts have a 

large share of cultivated areas. This study utilized data 

from twelve districts as mentioned in Table 1.

 Table 1.  Agroecological Zones, Characteristics and Selected Districts. 

Sr. # Agroecological Zone Characteristic of Region Selected District 

I Indus Delta Clayey & Silted Soil Thatta 

II Southern Irrigated Plain Silted & Sandy Loam Soil Shikarpur 

III-A Sandy Desert Region Fine Sandy Loam Soil, Southeastern Region Bahawalpur 

III-B Sandy Desert Region Loamy Fine Sandy Soil, Northern Region Mianwali 

IV-A Northern Irrigated Plain Sandy & Clay Loam Soil, Eastern Region Multan 

IV-B Northern Irrigated Plain Sandy & Clay Loam Soil, Northern Region Peshawar 

V Barani Areas Silt Loamy Soil Gujranwala 

VI Wet Mountains Silt Loam to Silt Clayey Soil Mansehra 

VII Northern Dry Mountain Clayey & Non-Calcareous Soil Dir 

VIII Western Dry Mountain Loamy & strongly Calcareous Soil Quetta 

IX Dry Western Plateau Silt Loams & Calcareous Soil Makran 

X Sulaiman Piedmont Loamy, Clayey & Calcareous Soil D. G. Khan 

 

Data regarding temperature and precipitation for 

selected districts was taken from Pakistan 

Meteorological Department (PMD), Islamabad. This 

study incorporates monthly mean temperature and 

monthly total precipitation for the period 1961 to 2017. 

The obtained Meteorological data were categorized 

according to cropping season Rabi (Winter/Wheat 

growing) and Kharif (Autumn/Rice growing), including 

months November to April and May to October 

respectively (Siddiqui et al., 2012). Moreover, climatic 

variables are generated for each district from collected 

Meteorological data to evaluate the variation in it.   
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Data Analysis 

Climate researchers use different definitions of climatic 

variables. Some researchers have employed simple 

annual average temperature and precipitation, e.g. 

Shakoor et al. (2011), while some others use an average 

of just growing season, e.g. Lobell and Field (2007). Luo 

et al. (2005) incorporated averages of both growing and 

non-growing seasons, while Tubiello et al. (2002) 

employed 20 years' monthly averages of temperature 

and precipitation as normal climate. On the other hand, 

World Meteorological Organization (WMO, 2011, 2007) 

suggested 30 years average of Meteorological data as 

climate normal. The same was done by Gbetibouo and 

Hassan (2005). In the same way, this study has also 

utilized 30 years moving averages of both monthly mean 

temperature and total monthly precipitation as normal 

climatic temperature and normal climatic precipitation 

respectively. Normal climatic variables are calculated by 

incorporating data of both monthly total precipitation 

and mean monthly temperature for the period 1961 to 

2017. Finally, 24 years of climatic data of both 

parameters (Temperature and Precipitation) is 

estimated. As argued by WMO (2011) normal climate is 

not only used as a predictor of future climate but also 

facilitates as a reference value to assess climate 

anomalies. In addition, weather shocks during each 

cropping season were assessed by estimating the 

variation of climatic parameters (temperature and 

precipitation). Several specifications were used in the 

literature to evaluate the climate variation variable. 

Mendelsohn et al. (1999); Yang et al. (2014) and Wang et 

al. (2014) suggested the difference between highest and 

lowest temperature and precipitation as a variation. On 

the other hand, many degree days can be utilized as 

variations in climate (Schlenker et al., 2005; Deschenes 

and Kolstad, 2011; Orlandi et al., 2013). While Piao et al. 

(2014) and Pelletier et al. (2015) suggested variation as 

the difference between normal climatic temperature and 

precipitation from their corresponding values. Similarly, 

this study estimates the difference between normal 

monthly climatic variables (30 years moving averages) 

from their corresponding monthly values. Moreover, for 

a brief understanding of climate anomalies, whole 

seasons (Rabbi and Kharif) were further disintegrated 

into three stages, i.e., sowing, flowering and harvesting 

stage. The climate of the entire growing season does not 

have a uniform effect on each growing stage of the crop 

(Ashfaq et al., 2011; Siddiqui et al., 2012). Firstly, Ashfaq 

et al. (2011) disintegrated wheat (Rabbi) season 

according to the biological stages of crops. Similarly, 

Siddiqui et al. (2012) defined growth stages for wheat 

(Rabbi) and cotton (Kharif) crop seasons and assessed 

the climatic impact on different stages. So, in this study 

climatic variables for each stage are estimated, by taking 

an average of monthly climatic variables, as each stage 

contains two months shown in Table 2. 

 

Table 2. Several Stages of Growing Seasons. 

Seasons / Stages Sowing stage Flowering stage Harvesting stage 

Rabbi Season November-December January-February March-April 

Kharif Season May-June July-August September-October 

Source: Author’s Own 

 

Climatic parameters (temperature and precipitation) 

and their variations were estimated according to the 

growth stages of both cropping seasons for the period 

(1990-2017), for all selected districts. Average variation 

during the last five years (2009-17) for each cropping 

stage in both seasons was also discussed to recognize 

the trend in variability in the next section.  

 

RESULTS AND DISCUSSION  

This section comprises two sub-sections, and both 

seasons are discussed separately. Variation in both 

climatic parameters (temperature and precipitation) 

from normal for each zone is considered. 

The climate in rabbi season 

In this season wheat, maize, gram, pulses, tobacco, 

carrot, cauliflower and garlic are the major crops 

cultivated throughout the season, while fruits, guava, 

citrus and banana are the major fruits grown in several 

parts of the country in this season. The optimum 

temperature for the production of each crop or fruit is 

not the same and each zone has favourable growing 

conditions for particular crops. The average variation in 

climatic temperature during Rabbi Season for the period 

of 1990-2017 is shown in the figure: 2, which reveals the 

clear trend of positive variation in temperature during 

the sowing stage, for which Quetta, Makran and 
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Shikarpur are the leading districts with the variation 

more than 0.5oC. Whereas almost negative variation in 

climatic temperature for both flowering and harvesting 

stages is observed for all districts, though the variation 

in the harvesting stage is quite larger than in the 

flowering stage. 

 

 
Figure 2. Average Variation in Climatic Temperature (oC) During Rabbi (1990-2017). 

 

Figure 3. Average Variation in Climatic Precipitation (mm) During Rabbi (1990-17). 

 

Figure 4. Average Variation in Climatic Temperatture (oC) During Rabbi (2009-17). 

 

Figure 3 shows the average variation in climatic 

precipitation for the period of 1990-2017 during Rabbi 

Season. Negative variation for the sowing stage is shown 

for all districts except Quetta and Mansehra Districts. 

During the harvesting stage, slight positive (<5mm) 

variation can be seen for Mianwali, Gujranwala and D.G. 

Khan while Mansehra, Peshawar and Dir have quite 

large positive (>6mm) variation in climatic precipitation. 
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Similarly, Salma et al. (2012) identified the heavy share 

of precipitation for northern Pakistan during the whole 

year. However triple pole (KPK-FATA, Southeastern 

Punjab and Northwestern Baluchistan) spatial 

precipitation pattern was observed by western 

disturbances (WDs) in winter-spring by Ahmad et al., 

(2015). Average normal climatic parameters 

(temperature and Precipitation) according to growth 

stage across the districts for the period of 1990-to 2017 

are shown in Table 3, which shows that the flowering 

stage during Rabbi seasons witnesses less temperature 

in both seasons. As Asmat and Athar (2015) show that 

December, January and February are the coldest months 

across the country. Figure: 4 shows the average 

variation in climatic temperature for five years (2009-

17). It shows negative variation during the sowing stage 

for Multan, Gujranwala and D.G. Khan. However, positive 

variation can be seen for all remaining districts. During 

the flowering and harvesting stage, temperature 

variation is also positive across all districts. Variation 

during the harvesting stage is quite larger than the 

variation in any other stage. There is a range of optimum 

temperatures at which a plant produces seed and fruit, 

and the optimum temperature for each plant is different 

(Siddiqui et al., 2012). But the high variation in 

temperature will cause in loss of crop production 

(Gornall et al., 2010; Tack et al., 2015), while high 

positive variation in temperature during the flowering 

and harvesting stage serves as a serious threat to 

agriculture. Likewise, Ashfaq et al. (2011) found the 

same for the wheat crop. Moreover, the average positive 

variation during the harvesting stage is almost 2oC 

across all the districts. Figure 5 shows the average 

variation in climatic precipitation for the same period of 

five years (2009-17). It shows that during the sowing 

stage of Rabbi Season only Quetta and D. G. Khan have a 

positive variation of 3.6mm and 0.58mm respectively, 

whereas all other districts have negative variation. At 

the flowering stage, Mianwali, Peshawar, Mansehra and 

Dir districts had significant positive variation in climatic 

precipitation. Finally, the harvesting stage carries 

negative variation in climatic precipitation for each 

district, though the variation in Quetta, Peshawar, 

Mansehra and Dir have more than 10mm negative 

variation which shows the decreasing trend of winter 

rainfall. Similar to Asmat and Athar (2015) and Salma et 

al. (2012) mentioned that northern Pakistan had higher 

absolute precipitation and higher variability in it. In 

addition, the negative phase (1990-2006) in winter-

spring precipitation was reported by Ahmad et al. 

(2015) Tables 3 and 4 show that normal climatic 

variables are stated as per growth stages for the period 

(1990-2017) and (2009-2017) respectively. An increase 

in climatic temperature during all three stages can be 

seen in districts Thatta and Bahawalpur, while the 

increase in normal temperature during the first two 

stages can be observed in Shikarpur, Mansehra, Quetta 

and Makran districts. On the other side, an increase in 

normal climatic precipitation pattern is observed in the 

flowering and harvesting stage during Rabbi Season for 

all districts, however, a decrease in normal climatic 

precipitation is observed in the sowing stage. Such a 

pattern of precipitation during the whole season is not 

favourable for crops. Mainly, an upsurge in rainfall 

during the last stages of crop maturity could lead to a 

significant loss in production as Ashfaq et al. (2011) 

observed the same findings for the wheat crop. 
Conclusively, average variation among climatic 

parameters for both periods (1990-2017) and (2009-17) 

revealed that the variation is getting stronger and higher 

in both parameters, which serve as a threat to crop 

production in particular and agriculture in general. As 

Ray et al. (2015) showed that a third of crop variability 

is explicated by climate variability. The range of 

variation in climatic temperature for the period (1990-to 

2017) is from 0.81oC to -1.12oC, which increased for the 

period (2009-17) from 2.26oC to -0.64oC. Climatic 

temperature variability is positive during the flowering 

and harvesting stage while it increases significantly for 

all zones, especially at the harvesting stage. An 

increasing trend in normal climatic temperature during 

Rabbi Season is quite vibrant. On the other side, the 

range of climatic precipitation for both periods (1990-

2017) and (2009-17) are from -6.78mm to 27.41mm and 

-48.88mm to 17.17mm respectively. It can explain the 

decreasing trend of winter rainfall in Pakistan, which 

leads to severe drought and water shortage as Gadiwala 

and Burke (2019) reported. The variation in climatic 

precipitation during Rabbi Season is negative and quite 

high for the northern side of Pakistan including northern 

Punjab as Ahmad et al., (2015) investigated decreasing 

trend of winter-spring rainfall in Pakistan. 
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Table 3. Normal climatic parameters for the period of 1990-2017. 

 Rabbi Season Kharif Season 

 Climatic Temperature Climatic Precipitation Climatic Temperature Climate Precipitation 

Districts 
Sowing 
Stage 

Flowering 
Stage 

Harvesting 
Stage 

Sowing 
Stage 

Flowering 
Stage 

Harvesting 
Stage 

Sowing 
Stage 

Flowering 
Stage 

Harvesting 
Stage 

Sowing 
Stage 

Flowering 
Stage 

Harvesting 
Stage 

Thatta 21.09 19.02 26.80 4.92 1.76 2.99 30.83 28.42 28.65 29.36 44.99 22.35 
Shikarpur 18.87 17.64 29.92 3.60 1.46 2.72 39.16 36.77 32.87 16.14 32.66 9.58 
Bahawalpur 17.05 16.03 28.52 5.83 2.58 3.41 37.68 34.97 30.84 24.62 53.33 19.24 
Mianwali 13.22 12.63 25.69 7.44 4.82 8.35 36.68 32.66 24.86 35.44 115.19 54.61 
Multan 15.69 14.95 28.08 7.36 3.63 3.89 38.33 35.93 29.86 27.00 61.98 22.42 
Peshawar 12.29 11.03 22.45 10.82 7.42 18.86 34.02 30.10 22.58 43.73 116.20 48.17 
Gujranawala 12.14 11.98 25.80 17.79 9.63 7.83 35.98 31.29 24.23 57.78 117.46 69.90 
Manshera 8.66 6.34 15.94 50.00 44.68 53.55 26.65 23.54 17.65 78.16 140.25 73.41 
Dir 7.55 5.16 14.68 62.94 52.98 73.52 26.86 23.74 17.41 67.18 163.03 70.54 
Quetta 5.11 2.04 11.44 24.83 36.30 31.05 23.13 24.14 16.63 16.15 27.89 12.74 
Makran 17.49 16.31 28.89 4.78 2.59 3.32 38.19 35.65 31.43 20.88 44.94 13.18 
D.G. Khan 16.82 15.90 28.68 4.87 2.60 3.34 38.97 36.44 30.36 25.42 70.27 20.91 

  

Table 4. Normal climatic parameters for the period of 2009-2017. 

 Rabbi Season Kharif Season 

 Climatic Temperature Climatic Precipitation Climatic Temperature Climate Precipitation 

Districts 
Sowing 
Stage 

Flowering 
Stage 

Harvesting 
Stage 

Sowing 
Stage 

Flowering 
Stage 

Harvesting 
Stage 

Sowing 
Stage 

Flowering 
Stage 

Harvesting 
Stage 

Sowing 
Stage 

Flowering 
Stage 

Harvesting 
Stage 

Thatta 21.18 19.08 26.90 5.75 2.97 5.08 30.95 28.60 28.62 44.42 70.17 19.29 
Shikarpur 19.08 17.69 29.84 3.04 2.02 5.20 38.95 36.23 32.68 25.53 43.49 17.03 
Bahawalpur 17.07 16.06 28.54 5.13 2.44 5.23 37.50 34.14 30.35 30.62 70.39 26.32 
Mianwali 13.31 12.50 25.34 7.31 7.70 16.49 36.42 32.39 24.75 40.31 108.26 55.49 
Multan 15.60 14.91 27.97 4.04 4.18 6.63 38.17 35.05 29.28 32.84 76.22 32.81 
Peshawar 12.62 10.89 22.18 6.77 12.18 33.70 33.83 30.26 22.84 41.48 103.08 45.59 
Gujranawala 12.09 11.79 25.46 14.29 13.55 12.70 35.74 30.86 24.24 65.27 127.69 65.81 
Manshera 8.97 6.43 15.71 47.45 53.38 65.82 26.31 23.57 17.96 83.81 141.06 74.29 
Dir 7.86 5.06 14.59 54.33 74.49 109.37 26.62 23.73 17.42 68.26 170.97 86.15 
Quetta 5.58 2.21 11.29 30.25 38.40 37.40 23.18 24.37 16.95 23.42 36.34 18.64 
Makran 17.58 16.35 28.82 3.04 2.31 6.27 37.98 34.91 31.06 29.26 58.98 19.27 
D.G. Khan 16.80 15.87 28.53 3.69 3.26 7.09 38.66 35.61 29.82 39.11 87.62 31.28 
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The climate in the Kharif season 

In Pakistan, several crops (rice, cotton, maize), 

vegetables (chillies, bitter guard, and ladyfinger) and 

fruits (mango, guava, apple, apricot and peach) are 

mainly grown during this season in different zones. 

Their optimum temperature and other environmental 

characteristics coupled with soil type are the basic 

factors to support specific crop/fruit production.  

The average variation in climatic temperature during the 

Kharif season for the period 1990-to 2017 is shown in 

figure: 6. It can be seen that during the sowing stage just 

Mansehra and Dir have minor negative variations while 

all other districts have significant positive variations. At 

the flowering stage, Quetta, Dir, Mansehra, Peshawar 

and Mianwali districts have positive variation (>0.5oC). 

Though Peshawar and Mansehra districts show a slight 

positive variation during the final harvesting stage, 

however, all other districts suffer from significant 

negative variation out of which Bahawalpur and Multan 

districts are in leading positions with high variation (>-

1oC). The negative variation in climatic temperature 

especially at the harvesting stage is due to the trough 

phase (August) of the monsoon as identified by Wang et 

al. (2011).  

 

 
Figure 5. Average Variation in Climatic Precipitation (mm) During Rabbi (2009-17). 

  

 
Figure 6. Average Variation in Climatic Temperature (oC) During Kharif (1990-2017). 

 

On the other hand, the average variation in climatic 

precipitation for the period of 1990-to 2017 is presented 

in Figure 7, District Thatta and Shikarpur have quite a 

high variation during the sowing stage as Muslehuddin 

et al. (2005) identified Sindh summer monsoon starts 

from June. While districts Mianwali, Peshawar, 

Gujranwala, Dir, Mansehra, Quetta and D.G. Khan 

showed negative variation during the flowering stage. 

Whereas Peshawar, Mansehra, Mianwali and Dir have 

large variations (>-25mm). Peshawar, Mansehra and 

Mianwali have negative variations in the harvesting 

stage as well. It is quite relevant to the argument by 

Ahmad et al. (2015) and Salma et al. (2012) that the 

northern side of Pakistan receives a large share of 

absolute precipitation with large variation throughout 

the year. Whereas the normal climatic variables for the 

period of 1990-2017 as per growth stages are stated in 

Table 3, the large share of climatic precipitation can be 

seen for districts located in the northern side of 

Pakistan. Figure 8 shows the average variation in 
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climatic temperature during the Kharif season from 

2009-to 2017. Slight positive variation is shown for 

districts Thatta, Quetta and Mansehra in the sowing 

stage, while only Peshawar district has positive variation 

during the flowering stage. For the district Peshawar 

Ghaffar and Javid (2011) observed the increasing trend 

in temperature during pre-monsoon. Negative variation 

in climatic temperature during all three stages can be 

seen for Shikarpur, Bahawalpur, Multan, Makran and 

D.G. Khan. It is due to an increase in climatic 

precipitation as shown in Table 4, which induces a 

decline in climatic temperature as well. However, 

Peshawar, Mansehra, Dir, Mianwali and Gujranwala have 

positive variation in temperature at the harvesting stage 

due to the small share of monsoon and increase in 

average temperature. All these districts are located in 

the northern half of  country, whereas Asmat and Athar 

(2015) publicized the highest variation in temperature 

for the northern part of Pakistan. Such variations 

exacerbate the melting of glaciers and increase the water 

flow from mountains to the Arabian Sea, which causes 

floods in the downstream areas of the country. 

 

 
Figure 7. Average Variation in Climatic Precipitation (mm) During Kharif (1990-17). 

 
Figure 8. Average Variation in Climatic Temperature (oC) During Kharif (2009-17). 

 
Figure 9. Average Variation in Climatic Precipitation (mm) During Kharif (2009-17). 

On the other side of Figure 9, the average variation in climatic precipitation for 2009-17 is shown, only district 
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Peshawar has negative variation during the sowing stage 

of the season, whereas districts Thatta, Multan and D.G. 

Khan have high positive variation (>25mm) at the same 

stage. Muslehuddin et al. (2005) revealed the early start 

of the monsoon in June for southeastern parts of the 

country. At the flowering stage, Dir, Mansehra, Peshawar 

and Mianwali have negative variation, while Peshawar is 

the leading one with the most variation (>-35mm). 

Similarly, Ghaffar and Javid, (2011) found decreasing 

trend in monsoon rainfall for Peshawar and Wang et al., 

(2011) as he explored those western parts of Pakistan 

observed a weak monsoon. However, only Peshawar and 

Gujranwala showed negative variation during the 

harvesting stage, while all other districts have positive 

variation in climatic precipitation due to post-monsoon. 

But the variation in the harvesting stage is less than the 

flowering stage across the districts located in the 

southern parts of the country, Wang et al. (2011) found 

large and episodic rainfall during August (flowering 

stage).  

The normal climatic temperature and precipitation 

during the Kharif season for both periods (1990-2017) 

and (2009-17) are shown in Tables 3 and 4 respectively. 

Only Quetta’s climatic temperature increased in all 

stages, while the climatic temperature of Mansehra and 

Peshawar increased during the flowering and harvesting 

stage. However, the hottest stage during the whole 

season is the sowing stage (May-June). Asmat and Athar 

(2015) mentioned that June, July and August are the 

hottest months in southern Pakistan. On the other hand, 

climatic precipitation during the Kharif season 

substantially increased in all districts except Peshawar. 

This increase in episodic monsoon rainfall resulted in 

floods, owing to the scarcity of dams and reservoirs in 

Pakistan. At the inception of this century, Pakistan 

suffered from a series of floods, as reported by Paulikas 

and Rahman (2013). Besides this, climatic precipitation 

was highest during the flowering stage as it includes the 

trough of monsoon (August) as declared by Wang et al. 

(2011).  

Finally, average variation among climatic parameters for 

both periods (1990-2017) and (2009-17) revealed that 

the variation is getting stronger and higher in both 

parameters, which serve as a growing risk for 

agricultural activities. According to Torquebiau et al. 

(2015), climatic variation affects the risk in agriculture 

by adding other risks to its production. The general 

range of variation in climatic temperature during the 

Kharif season for the period (1990-to 2017) is from 

1.15oC to -1.07oC, which increased for the period (2009-

17) from 0.88oC to -1.65oC. A decreasing trend in 

climatic temperature is quite evident in this season. On 

the other hand, the range of climatic precipitation for 

both periods (1990-2017) and (2009-17) are from 

20.81mm to -32.36mm and 41.19mm to -38.05mm 

respectively. It can explain the increasing trend of 

summer monsoon in Pakistan, which lead to the severe 

situation of the flood as Wang et al. (2011) and Gadiwala 

and Burke (2019) reported. Variation in climatic 

precipitation during the Kharif season was positive and 

quite high for the southern parts of the country, which 

has also been endorsed by Asmat and Athar (2015) who 

revealed high variation of monsoon for southern 

Pakistan. 

 

CONCLUSIONS AND RECOMMENDATIONS 

Climate change has become a widespread phenomenon 

and is bullying not only water availability, food security 

and energy sector, but also has a bearing on agriculture, 

forests and livestock which are the sectors vital for 

Pakistan’s economy. Melting glaciers, persistent rise in 

sea level and ocean temperature are other side effects. 

The agroecological study revealed an increasing trend in 

climatic temperature throughout the country during the 

Rabbi season. Barani areas and the eastern portion of 

the northern Irrigated Plane have little negative 

variation in climatic temperature during the sowing 

stage, while all other zones witnessed positive variation 

in climatic temperature for the sowing and flowering 

stages. Whereas the variation in the harvesting stage is 

quite larger than in the flowering stage. Due to variation 

in climatic temperature, western dry mountains ranked 

at the top and Indus Delta ranked at rearmost during 

Rabi (Winter/Wheat growing) season. On the other side 

variation in climatic precipitation exhibits an almost 

negative trend across all zones during Rabbi Season. It 

can lead to an extreme situation of drought because 

more than two-thirds of the country is categorized as 

arid and semi-arid. By the way, Western Dry Mountains, 

Northern Dry Mountains, Wet Mountains and the 

western region of Northern Irrigated Plain have 

witnessed large climatic precipitation variation during 

the whole season. In addition to it, the flowering stage of 

Rabbi Season includes months with the least 

temperature, so it is the coldest stage in both cropping 

seasons. On the contrary, during the Kharif season 
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Southern Irrigated Plain, Dry Western Plateau, Sulaiman 

Piedmont, the eastern portion of Sandy Desert Region 

and the eastern region of Northern Irrigated Plain 

witnessed negative variation in climatic temperature 

during all growth stages. While the northern portion of 

Sandy Desert Region, the western portion of Northern 

Irrigated plains, Barani Areas, Wet Mountains and 

Northern Dry Mountains witnessed positive variation in 

climatic temperature during the harvesting stage. As far 

as variation in climatic precipitation is concerned, the 

only western region of Northern Irrigated Plain suffers 

negative variation during all three stages.  Indus Delta, 

Southern Irrigated Plain, the eastern region of Sandy 

Desert, Western Dry Mountains, Dry Western Plateau 

and Sulaiman Piedmont suffered positive variation in 

precipitation for all growth stages. Such high positive 

variation in climatic precipitation serves as a flood 

warning for downstream areas of the country. Moreover, 

the sowing stage of the Kharif season has the highest 

temperature of the whole year. In the context of the 

objectives of the study, conclusions are discussed below 

in bullets. 

1. During Rabi (Winter/Wheat growing) season all 

the agroecological have positive variation in 

climatic temperature during the sowing stage 

while having negative variation is observed in 

the flowering and harvesting stage, On the other 

hand, Western Dry Mountains revealed high 

positive variation in climatic precipitation 

particularly in sowing stage while the region of 

Wet Mountains has positive variation in climatic 

precipitation during all three growth stages. 

2. During Kharif (Autumn/Rice growing) season 

Northern Irrigated Plain, Northern Dry 

Mountain and Sandy Desert Region have 

positive variation in climatic temperature 

whereas all these regions suffered negative 

variation in climatic precipitation in the 

observed period of data. 

3. It is factual to say that the rugged/rough 

topography areas in Rabbi and plane or smooth 

topography areas during Kharif were extremely 

uncertain with high variation in both climatic 

parameters (temperature and precipitation). 

But both cropping seasons Rabbi and Kharif 

come along with the threat of severe drought 

and flood respectively. 

4. The complex and stouter variation in climatic 

parameters for the diversified topography of 

Pakistan aligned the country to severe events, 

which causes harm to the economic, social and 

environmental conditions of the residents.  

It is generally perceived that the poor get more affected 

due to their high vulnerability and limited adapting 

capacity, unfortunately, more than one-third portion of 

the population lives below the poverty line in Pakistan. 

Additionally, the poor governance and underprivileged 

farming community add insult to injury. To cope with 

climate change micro-level adaptive measures are 

obligatory, commencing extension services and training 

programs are recommended to educate, encourage and 

involve locals for better results. Moreover, there is a dire 

need to develop small and large dams to deal with life-

threatening variations in precipitation. As the climate is 

a global/regional phenomenon, Pakistan alone cannot do 

much in controlling climate change. Joint action and 

policy for climate should be formulated at the global as 

well as regional levels. Policymakers should consider 

these directions, and devise measures to develop climate 

policy and adapt approaches to mitigate risk. 

 

REFERENCES 

Abdullah, M. H., A. Saboor, I. A. Baig and M. Arshad. 2016. 

Climate Change, Risk and Food Security: An 

Analysis of Wheat Crop in Pakistan. Springer 

International Publishing. Place Published. pp.41-

63. 

Ahmad, I., R. Ambreen, Z. Sun and W. Deng. 2015. 

Winter-Spring Precipitation Variability in 

Pakistan. American Journal of Climate Change, 04: 

115-39. 

Anwar, M. R., D. L. Liu, R. Farquharson, I. Macadam, A. 

Abadi, J. Finlayson, B. Wang and T. Ramilan. 2015. 

Climate change impacts on phenology and yields 

of five broadacre crops at four climatologically 

distinct locations in Australia. Agricultural 

Systems, 132: 133-44. 

Ashfaq, M., F. Zulfiqar, I. Sarwar, M. A. Quddus and I. A. 

Baig. 2011. Impact of climate change on wheat 

productivity in mixed cropping system of Punjab. 

Soil & Environment, 30. 

Asmat, U. and H. Athar. 2015. Run-based multi-model 

interannual variability assessment of precipitation 

and temperature over Pakistan using two IPCC 

AR4-based AOGCMs. Theoretical and Applied 

Climatology, 127: 1-16. 

https://doi.org/10.33687/ijae.010.01.3426


Int. J. Agr. Ext. 10 (01) 2022. 09-22   DOI: 10.33687/ijae.010.01.3426 

20 

Babar, S., S. Gul, A. Amin and I. Mohammad. 2015. 

Climate change: region and season specific 

agriculture impact assessment (thirty year 

analysis of Khyber Pakhtunkhwa i.e., 1980-2010). 

FWU J Soc Sci, 9: 88. 

Chambers, D. P. 2020. Water Cycle: Ocean’s Role. CRC 

Press. Place Published. pp.247-52. 

Deschenes, O. and C. Kolstad. 2011. Economic impacts of 

climate change on California agriculture. Climatic 

Change, 109: 365-86. 

Dickinson, D. M., I. C. Prentice and G. M. Mace. 2015. 

Climate change and challenges for conservation. 

Imperial Collage London, Grantham Institute, 

Briefing paper no. 13. Place Published.  

Gadiwala, M. S. and F. Burke. 2019. Climate change and 

precipitation in Pakistan-a meteorological 

prospect. International Journal of Economic and 

Environmental Geology: 10-15. 

Gbetibouo, G. A. and R. M. Hassan. 2005. Measuring the 

economic impact of climate change on major 

South African field crops: a Ricardian approach. 

Global and Planetary Change, 47: 143-52. 

Ghaffar, A. and M. Javid. 2011. Impact of global warming 

on monsoon variability in Pakistan. The Journal of 

Animal and Plant Sciences, 21: 107-10. 

Gornall, J., R. Betts, E. Burke, R. Clark, J. Camp, K. Willett 

and A. Wiltshire. 2010. Implications of climate 

change for agricultural productivity in the early 

twenty-first century. Philosophical transactions of 

the Royal Society of London. Series B, Biological 

sciences, 365: 2973-89. 

Government of Pakistan. 2020. Economic Survey of 

Pakistan, Finance Division Islamabad, Pakistan. 

Place Published.  

IPCC. 2007. Climate change, Synthesis Report, A Report 

of the Intergovernmental Panel on Climate 

Change. Contribution of Working Groups I, II and 

III to the Fourth Assessment Report of the 

Intergovernmental Panel on Climate Change, Core 

Writing Team, Pachauri, R.K. and Reisinger, A. 

(Eds.), IPCC, Geneva, Switzerland. Pp. 104. Place 

Published.  

IPPC. 2014. Climate Change 2014: Synthesis Report. 

Contribution of Working Groups I, II and III to the 

Fifth Assessment Report of the Intergovernmental 

Panel on Climate Change [Core Writing Team, R.K. 

Pachauri and L.A. Meyer (eds.)]. IPCC, Geneva, 

Switzerland, pp. 151. Place Published.  

IUCN. 2012. Balochistan Partnerships for Sustainable 

Development: “Climate Change and Coastal 

Districts of Balochistan- Situation Analysis, 

Implications and Recommendations”. IUCN 

Pakistan, Quetta. Place Published.  

Jäger, J., M. D. A. Rounsevell, P. A. Harrison, I. Omann, R. 

Dunford, M. Kammerlander and G. Pataki. 2014. 

Assessing policy robustness of climate change 

adaptation measures across sectors and scenarios. 

Climatic Change, 128: 395-407. 

Kazmi, D. H. and G. Rasul. 2012. Agrometeorological 

wheat yield prediction in rainfed Potohar region 

of Pakistan. Agricultural Sciences, 03: 170-77. 

Khan, M. A. 2014. Climate Change Risk and Reduction 

Approaches in Pakistan. Springer Japan. Place 

Published. pp.195-216. 

Lobell, D. B. and C. B. Field. 2007. Global scale climate–

crop yield relationships and the impacts of recent 

warming. Environmental Research Letters, 2: 

014002. 

Luo, Q., W. Bellotti, M. Williams and B. Bryan. 2005. 

Potential impact of climate change on wheat yield 

in South Australia. Agricultural and Forest 

Meteorology, 132: 273-85. 

Masood, I., Z. Majid, S. Sohail, A. Zia and S. Raza. 2015. 

The Deadly Heat Wave of Pakistan, June 2015. The 

international journal of occupational and 

environmental medicine, 6: 247-48. 

Mazhar, N., M. Nawaz, A. I. Mirza and K. Khan. 2020. 

Socio-political impacts of meteorological droughts 

and their spatial patterns in Pakistan. South Asian 

Studies, 30. 

McSweeney, C., M. New, G. Lizcano and X. Lu. 2010. The 

UNDP Climate Change Country Profiles. Bulletin of 

the American Meteorological Society, 91: 157-66. 

Mendelsohn, R., W. Nordhaus and D. Shaw. 1999. The 

impact of climate variation on US agriculture. 

Cambridge University Press. Place Published. 

pp.55-74. 

Muhammad, A. 1986. Cropping pattern in different 

ecological zones of Pakistan. Pakistan Agriculture 

Research Council, Islamabad. Place Published.  

Muslehuddin, M., H. Mir and N. Faisal. 2005. Sindh 

summer (June-September) monsoon rainfall 

prediction. Pakistan Journal of Meteorology Vol, 2. 

Myers-Smith, I. H., S. C. Elmendorf, P. S. A. Beck, M. 

Wilmking, M. Hallinger, D. Blok, K. D. Tape, S. A. 

Rayback, M. Macias-Fauria, B. C. Forbes, J. D. M. 

https://doi.org/10.33687/ijae.010.01.3426


Int. J. Agr. Ext. 10 (01) 2022. 09-22   DOI: 10.33687/ijae.010.01.3426 

21 

Speed, N. Boulanger-Lapointe, C. Rixen, E. 

Lévesque, N. M. Schmidt, C. Baittinger, A. J. Trant, 

L. Hermanutz, L. S. Collier, M. A. Dawes, T. C. Lantz, 

S. Weijers, R. H. Jørgensen, A. Buchwal, A. Buras, A. 

T. Naito, V. Ravolainen, G. Schaepman-Strub, J. A. 

Wheeler, S. Wipf, K. C. Guay, D. S. Hik and M. 

Vellend. 2015. Climate sensitivity of shrub growth 

across the tundra biome. Nature Climate Change, 

5: 887-91. 

Naheed, G. and G. Rasul. 2010. Projections of crop water 

requirement in Pakistan under global warming. 

Pakistan Journal of Meteorology, 7: 45-51. 

Orlandi, F., H. Garcia-Mozo, A. B. Dhiab, C. Galán, M. 

Msallem and M. Fornaciari. 2013. Olive tree 

phenology and climate variations in the 

Mediterranean area over the last two decades. 

Theoretical and Applied Climatology, 115: 207-18. 

PARC. 1980. Agroecological regions of Pakistan. Pakistan 

Agriculture Research Council, Islamabad. Place 

Published.  

Paulikas, M. J. and M. K. Rahman. 2013. A temporal 

assessment of flooding fatalities in Pakistan 

(1950-2012). Journal of Flood Risk Management, 

8: 62-70. 

Pelletier, L., I. B. Strachan, N. T. Roulet and M. Garneau. 

2015. Can boreal peatlands with pools be net 

sinks for CO <sub>2</sub>? Environmental 

Research Letters, 10: 035002. 

Piao, S., H. Nan, C. Huntingford, P. Ciais, P. Friedlingstein, 

S. Sitch, S. Peng, A. Ahlström, J. G. Canadell, N. 

Cong, S. Levis, P. E. Levy, L. Liu, M. R. Lomas, J. 

Mao, R. B. Myneni, P. Peylin, B. Poulter, X. Shi, G. 

Yin, N. Viovy, T. Wang, X. Wang, S. Zaehle, N. Zeng, 

Z. Zeng and A. Chen. 2014. Evidence for a 

weakening relationship between interannual 

temperature variability and northern vegetation 

activity. Nature Communications, 5. 

Rasul, G. and B. Ahmad. 2012. Climate change in 

Pakistan. Pakistan Journal of Meteorology, 8. 

Ray, D. K., J. S. Gerber, G. K. MacDonald and P. C. West. 

2015. Climate variation explains a third of global 

crop yield variability. Nature communications, 6: 

5989-89. 

Sadiq, N. and M. S. Qureshi. 2010. Climatic Variability 

and Linear Trend Models for the Five Major Cities 

of Pakistan. Journal of Geography and Geology, 2. 

Salik, K. M., S. Ishfaq, F. Saeed, E. Noel and Q.-u.-A. Syed. 

2015. Pakistan country situation assessment. 

Working Paper, Sustainable Development Policy 

Institute (SDPI) Islamabad, Pakistan. Place 

Published.  

Salma, S., S. Rehman and M. Shah. 2012. Rainfall trends 

in different climate zones of Pakistan. Pakistan 

Journal of Meteorology, 9. 

Schlenker, W., W. Michael Hanemann and A. C. Fisher. 

2005. Will U.S. Agriculture Really Benefit from 

Global Warming? Accounting for Irrigation in the 

Hedonic Approach. American Economic Review, 

95: 395-406. 

Shakoor, U., A. Saboor, I. Ali and A. Mohsin. 2011. Impact 

of climate change on agriculture: empirical 

evidence from arid region. Pak. J. Agri. Sci, 48: 

327-33. 

Siddiqui, R., G. Samad, M. Nasir and H. H. Jalil. 2012. The 

Impact of Climate Change on Major Agricultural 

Crops: Evidence from Punjab, Pakistan. The 

Pakistan Development Review, 51: 261-76. 

Tack, J., R. K. Singh, L. L. Nalley, B. C. Viraktamath, S. L. 

Krishnamurthy, N. Lyman and K. S. V. Jagadish. 

2015. High vapor pressure deficit drives salt-

stress-induced rice yield losses in India. Global 

Change Biology, 21: 1668-78. 

Torquebiau, E., J. Tissier and J.-Y. Grosclaude. 2015. How 

Climate Change Reshuffles the Cards for 

Agriculture. Springer Netherlands. Place 

Published. pp.1-16. 

Tubiello, F. N., C. Rosenzweig, R. A. Goldberg, S. Jagtap 

and J. W. Jones. 2002. Effects of climate change on 

US crop production: simulation results using two 

different GCM scenarios. Part I: Wheat, potato, 

maize, and citrus. Climate Research, 20: 259-70. 

UCAR. 2021. UCAR (University Corporation for 

Atmospheric Research). The Water Cycle and 

Climate Change. Place Published.  

Wang, S.-Y., R. E. Davies, W.-R. Huang and R. R. Gillies. 

2011. Pakistan's two-stage monsoon and links 

with the recent climate change. Journal of 

Geophysical Research, 116. 

Wang, Z., B. Yang, A. Deslauriers and A. Bräuning. 2014. 

Intra-annual stem radial increment response of 

Qilian juniper to temperature and precipitation 

along an altitudinal gradient in northwestern 

China. Trees, 29: 25-34. 

WMO. 2007. The Role of Climatological Normals in a 

Changing Climate. WCDMP-No. 61, WMO-

TD/No.1377, World Meteorological Organization. 

https://doi.org/10.33687/ijae.010.01.3426


Int. J. Agr. Ext. 10 (01) 2022. 09-22   DOI: 10.33687/ijae.010.01.3426 

22 

Place Published.  

———. 2011. Climate Normals. Commission for 

Climatology Management Group Meeting, Denver, 

USA. CCl/MG/2011/Doc.10. Place Published.  

Yang, B., C. Qin, J. Wang, M. He, T. M. Melvin, T. J. Osborn 

and K. R. Briffa. 2014. A 3,500-year tree-ring 

record of annual precipitation on the northeastern 

Tibetan Plateau. Proceedings of the National 

Academy of Sciences of the United States of 

America, 111: 2903-08. 

 

 

 

 

 

Publisher’s note: EScience Press remains neutral with regard to jurisdictional claims in published maps and institutional affiliations. 
 

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license and 

indicate if changes were made. The images or other third-party material in this article are included in the article’s Creative Commons 
license, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons license 
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 

 

https://doi.org/10.33687/ijae.010.01.3426
http://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	INTRODUCTION
	METHODOLOGY
	Study area and data
	Data Analysis

	RESULTS AND DISCUSSION
	The climate in rabbi season
	The climate in the Kharif season

	CONCLUSIONS AND RECOMMENDATIONS
	REFERENCES

