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Abstract:  It is highly pertinent to analyze the temperature and their spatial anomalies in 

Pakistan at decadal scale in different months of the year. In this paper we analyze the month 

of March from 1950s-2000s based on the temperature data from 47 stations that covers 

almost all Pakistan. The data are obtained from Pakistan Meteorological Department (PMD). 

The temperature coefficient has been calculated by making use of linear regression. The 

results have been mapped that show indelible variability of temperature at decadal level in 

different areas of Pakistan. The rugged terrains of Pakistan reflect significant temperature 

variability in the decades of 1950s, 1960s, 1970s, 1980s, 1990s and the decade of 2000s as 

well. The highest temperature anomalies are recorded in 2000s in the country explicitly 

indicative of temperature above average and found in compliance with global warming. In 

this study, a geographical approach has been adopted to explain the spatial-temporal 

variations of temperature over the study period in Pakistan with regional detail.  
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Introduction 

 

The spatial distribution of surface temperature 

in Pakistan is dependent on geographical and 

astronomical factors and its tendency is further 

added by the variability of temperature through 

time (Ahmad et al. 2010). The climate change can 

be acknowledged by accelerating pace of melting 

glaciers, increase of extreme climate events 

including drought and floods (Coumou et al. 2013; 

Ziervogel, et al., 2010; Klein et al., 2006) hence 

Pakistan is no exception (Iqbal and Quamar, 

2011). Various studies with different approaches 

have observed the climate variability as well as the 

temperature trends in the country (Sajjad et al. 

2009: Afzal et al. 2009; Chaudhry and Rasul, 

2007; Ghaffar and Javid, 2011; Chaudhry and 

Sheikh, 2002). The mountainous regions reflect 

more consistency in case of temperature variability 

in the warming global episode (Liu and Chen, 

2000; Magnuson, 2000). The northern and 

northwestern rugged parts of the country are 

seems to be more fragile in case of temperature 

variability. According to Rasul et al. (2008), the 

shifting of isotherms upslope along the southern 

aspects of Himalayas is the signature of increase in 

temperature averages.  

 

The study of surface air temperature is 

extremely significant for man’s comfort (Nicol et 

al., 1999). Temperature is the key element of 

climate and without temperature analysis, the 

climate change cannot be understood. The analysis 

of seasonal and annual temperatures and their 
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trends remained under scientific debate in Pakistan 

(e.g. Islam et al. 2009; Khan et al. 2008;  Afzal et 

al 2008) where the rapid growing population 

already faces meteorological hazards. The need 

felt is to analyze the temperature variation at 

monthly and regional scale with geographical 

approach. Hence, the intricate detail in this 

connection can be understood. The paper is 

focused on the spatial-temporal dynamics of 

temperature anomalous with emphasis on its 

regional characteristics over the decades of 1950s-

2000s at regional levels. It is understood at global 

level that winter is warming (DeGaetano, 

1996).The farming and developing society of 

Pakistan need understanding of change in monthly 

averages of temperatures and its influence on 

agriculture (Hussain and Mudasser, 2007). In this 

connection, the March temperature and spatial 

anomalies got tremendous significance in fruit and 

cereals growing regions of Pakistan as well as in 

the enclosed fertile valleys of northern and 

western rugged parts of the country where mostly 

subsistence agriculture is practiced. (Ahmad et al. 

2011). Therefore, it is envisaged to examine the 

March surface air temperature and its regional 

spatial anomalies. 

 

Materials and Method 

 

The monthly ground observed temperature 

data from 47 stations (Fig. 1) were obtained from 

PMD, Government of Pakistan. We used the data 

of meteorological observatories that covered 

almost the whole country. The analysis was 

performed on decadal scale from 1950s to 2000s. 

In this study, total 60 months of March were taken 

and 10 months of each decade were analyzed 

separately. First, the monthly averages for various 

stations at each decade were calculated and the 

data voids were covered by interpolation. The 

analysis is based on the  

 

Fig. 1:  Meteorological station network that 

provide data for the study.  

 

Fig. 2: Pakistan location, detail of regions and 

landforms.  

following principles, 

),,2,1(ˆ nibtax ii   

The above equation demonstrates linear 

regression between, the time series ti, and climate 

variable xi (temperature) for the specified time 

period. Consider ti as independent and xi as 
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dependent variable, regression coefficient ‘b’ and 

the regression constant ‘a’ of least-squares 

estimation have been calculated respectively by 

making use of the following relations.  
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The linear regression coefficients were 

calculated for each decade. The coefficient ‘b’ has 

been mapped for various decades (Figures 3-8) 

that indicates the temperature increase or decrease 

at regional scale. 

 

The physical map (Fig. 2) prepared with the 

help of ArcGIS shows the detail of landforms and 

regions which have been mentioned in the paper 

frequently are useful for those readers who are 

unaware of Pakistan geography. 

 

Results and Discussion 

 

Decade of 1950s 

 

Reference to Fig. 3 that configures the 

geographical distribution of temperature 

coefficient in 1950s obviously shown temperature 

above average at country level, nevertheless few 

regions stood exceptions. The positive temperature 

anomalies have been observed in plains of Punjab, 

most of Balochistan and Sindh. The Federally 

Administered Tribal Areas (FATA) and Peshawar 

valley with its immediate surrounding experienced 

the positive temperature coefficient that 

represented temperature above average. The 

northeastern and southwestern corners of the 

country reflected negative temperature anomalies 

indicative of moderate cooling in 1950s. 

 

Fig. 3. 

 

Decade of 1960s 

 

The values of temperature coefficient in the 

month of March (Figure 4) acknowledged that 

Balochistan experienced warming temperatures in 

1960s, furthermore, the Kharan and Chaghi 

regions were found with temperatures well above 

the average.  

 

Fig. 4. 

 

The rugged terrains of northern Pakistan have 

slightly warmer temperatures especially in Hindu 

Kush and Karakurram ranges. March was also 

found warmer in the western border mountains. 

Thus in this decade mountainous region were 

found more susceptible to temperature variability.  
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Decade of 1970s 

 

The decade of 1970s represented by Figure 5, 

projected temperature variations where most of 

Balochistan signified unexpectedly slight cooling 

temperature condition except the areas close to 

Pak-Iran border. Most of Punjab and Khyber 

Pakhtunkhwa (KP) was dominated by slight rise in 

March temperature verified by positive 

temperature signatures. All over the country, the 

temperature variability was found just close to the 

level of statistical significance that exhibited small 

temperature changes in 1970s.  

 

 

Fig. 5. 

 

Decade of 1980s 

 

The temperature rise (fall) with reference to 

normal temperature founded in the decade of 

1980s (Fig. 6) appeared comparatively stable than 

any other decade under discussion. The country 

was dominated almost by two simple temperature 

anomalies one was slightly above the average the 

other was slightly below average. However, the 

negative temperature coefficient prevailed in most 

of the national territory in central parts of the 

country while northern lofty mountains and most 

of Balochistan except coastal territory confirmed 

 

Fig. 6. 

slight warming tendency in 1980s. The Koh 

Safed region also reflected warming situation. 

 

Decade of 1990s 

 

Most of the country (Fig. 7) was dominated by 

temperature change slightly above the average 

verified by 0 to 0.5 coefficient values.  The 

temperature change in 1990s appeared to be 

warmer than found in case of 1980s as obvious 

from the aerial extent of the temperature 

coefficient like in most of central parts of the 

country. The north eastern corner of the country 

was mostly dominated in previous cases by 

negative temperature anomalies in the lofty 

Himalayas but in 1990s has shown obvious 

positive temperature trend. The northwestern lofty 

mountains and western Balochistan except coastal 

territory project ed temperatures slightly under 

average. 

 

Fig. 7. 
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Decade of 2000s  

 

The highest temperature anomalies were 

observed in the decade of 2000s (Fig. 8). In this 

decade most of Pakistan is dominated by well 

defined high warming temperature condition. 

Thus, it was the warmest episode in the study 

period. The Karakoram-Himalayas experienced 

considerable warming followed by Hindu Kush 

ranges. The Peshawar valley, Potwar area and 

northern Punjab also registered temperature 

increase. Utmost warming situation prevailed in 

Balochistan especially in its mountainous areas. 

The leading warming spots were located in Kharan 

region of Balochistan, Swat and Chitral in KP. 

 

Fig. 8. 

Conclusion 

 

In case of March in 1950s, the plains of 

Punjab, in most of Balochistan, Sindh, FATA and 

Peshawar valley with its immediate surrounding 

experienced warming temperatures. The 

comparison of temperature variability configures 

that the warming temperatures tendency in 1960s 

is more obvious than 1950s in Balochistan so the 

Kharan and Chaghi were the leading regions in 

this context. The rugged terrains of northern 

Pakistan had slightly warmer temperatures 

especially in Hindu Kush and Karakoram ranges. 

Based on results in 1960s mountainous regions 

were found more susceptible to temperature 

variability. In the decade of 1970s, surprisingly 

most of Balochistan configured temperature 

slightly below average except the areas close to 

Pak-Iran border. Most of Punjab and KPK were 

dominated by slight increase in temperature 

verified by positive temperature coefficient. The 

temperature anomalies of March found in the 

decade of 1980s gave the impression of less 

variability unlike other decades under discussion. 

In this context, the country was dominated by two 

simple temperature anomalous conditions one was 

slightly above the average and the other was 

slightly below the average, in addition, the 

temperatures of northern lofty mountains and most 

of Balochistan except coastal territory rose 

slightly. The temperature rise in 1990s is more 

obvious than the decade of 1980s. Hence, the 

positive temperature anomalies dominated most of 

the plain territory in Punjab as well as in rugged 

parts of Balochistan. Based on results the obvious 

temperature ascend was found in 2000s moreover 

the patches of slight variability were meager. 

Hence, the month of March is continuously 

warming in the study period and explicates rising 

temperature tendency in compliance with global 

warming.  
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