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PREFACE  

The special report on global warming and impacts on extreme events and rainfall variability 

over Pakistan under ςЈὅ warming above the baseline period (ρωχρςπππ) is prepared. This 

report presents the changes in temperature and precipitation distribution s in different agro -

climate zones of Pakistan, the impact of climate change on urban centers (federal and 

provincial capitals) and on summer monsoon precipitation in Pakistan. The prime  objective 

of the report is to identify the changes in extreme events and water resource availability  in 

the future warm climate and to aware public regarding greenhouse gas emission, resultant 

global warning, and imminent threat of climate change, so that sustainable development 

may be attained by adopting mitigati on measures.  This report is joint ly prepared by Dr. 

Furrukh Bashir from the Research and Development Division (R&D) of Pakistan 

Meteorological Department (PMD), Islamabad as Principal Investigator (P.I) and Dr. Uzma 

Hanif F. C. College. Lahore as Co-P.I. Dr. Furrukh Bashir have analyzed the in-situ 

observations recorded by PMD and Global Circulation Models (GCM) to identify the 

potential changes in future warm climate under ςЈὅ warming, Dr. Uzma Hanif have 

evaluated the impact of climate change on society of Pakistan and perception of society 

regarding climate change to identify which fractions of the society are more vulnerable and 

which out them are more sensitive to climate change.  
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CHAPTER 1: EXECUTIVE SUMMARY  

Since the comity of worldôs nations is committed to maintain  the global average 

temperature below ςЈὅ above pre-industrial levels and pursuing efforts to limit  the 

temperature increase to ρȢυЈὅ above pre-industrial levels, therefore, they are pursuing to 

control the emission of greenhouses gases into the atmosphere under the umbrella of United 

Nations.  

Since the increase in global temperature is unavoidable, and weather and climate 

extremes that are an inherent  part of our weather and climate are expected to change in 

terms of their frequency, intensity a nd areal coverage. Extremes of weather and climate can 

have devastating effects on human society and the environment1,2.  In order to understand 

changes in climate and extreme eventsô variability especially under ςЈὅ warmer future 

climate scenario, this report presents the outlook and change in the distribution of 

temperature and precipitation in different agro -climate zones, big urban cities (federal and 

provincial capitals) of Pakistan under future ςЈὅ warming scenarios. Since, Pakistan receives 

a substantial portion of its precipitation in monsoon season, and  variability in monsoon 

rains affects Pakistan in several different ways, therefore, the change in monsoon 

precipitation under ςЈὅ warming scenarios are also analyzed. 

As already mentioned,  the following report comprise s three research studies. The first  

study evaluates the impact of climate change under ςЈὅ warming scenarios on agro-climatic 

zones of Pakistan. Second describes the changes in extremes events under ςЈὅ warming 

scenarios in major urban centers of Pakistan and third study describes the variability in 

monsoon precipitation in Pakistan under ςЈὅ warming scenarios.  

Since population of Pakistan is increasing with an average annual growth rate of 2.87% 

that is higher than global population growth rate (1.09%), and future warmer period  is 

dominated by cyclic oscillation of prolonged dry spell with short wet periods, therefore, there 

is a need to provide a sustainable water supply to satisfy its ever-increasing needs in 
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agriculture and for other human purposes.  Late winter seasons and spring season are 

expected to be warmer under future ςЈὅ warming scenario. Together with this, the annual 

frequency of warm and hot days is expected to increase all over the Pakistan.  

The soaring temperature in late winter and spring may desiccate the soils and may 

reduce the amount of soil moisture available to Kharif  crops. On the other hand, the Rabi 

crops are expected to be affected by an increase and shift in monsoon precipitation toward 

the autumn  season that is coupled with an increase in the probability  of floods and 

inundation. On average, the annual amount of precipitation received in Pakistan is likely to 

increase in future ςЈὅ warmer scenarios, except for Balochistan where winter and spring 

precipitation that delivers snowfall on mountainous areas and recharges groundwater is 

decreasing. Since the future warmer period  is dominated by prolonged dry spells, therefore, 

short-lived micro to mesoscale convective precipitation is more likely to happen that may 

generate runoff and localized flood while reducing the amount of effective rainfall available 

to agriculture and natural vegetation.  

Though future warmer period  is dominated by prolonged warm and hot spells, however, 

the analysis suggests that such dry spells are expected to be terminated with intense rainfall 

events that may drop the temperature. Generally, annual frequency of wet days is expected to 

decrease in a future  warmer period , however, the moderate to heavy intensity rainfall events 

are expected to increase that corroborates with the above-said statement on increase in short 

duration microscale convective rainfalls.   

Night -time temperature is also expected to increase in a future  warmer period , especially 

in the monsoon season when water vapor concentration is high in the region. The annual 

frequency of warm nights is increasing all over Pakistan. The effects of increased 

temperature exhibit a greater impact on grain yield than on vegetative growth because of the 

increased minimum temperatures. These effects are evident in an increased rate of 

senescence which reduces the ability of the crop to efficiently fill the grain (in case of grain 
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crops) or fruit  (in case of orchards). Observations in controlled environ ment studies show 

that maize grain yield is greatly reduced by above normal temperatures during the grain 

fi lling period 3. Temperature effects interact with the soil water status which would  suggest 

that variation in prec ipitation coupled with warm tem peratures would increase the negative 

effects on grain production.  

Another interesting and revealing finding is that the areas that receive greater rainfall 

than others, are expected to receive more in the future  warm climate and wet seasons are 

expected to be wetter in future warm scenarios. This phenomenon is summed up in an adage 

by Kevin E. Trenberth as ñrich get richer and the poor get poorerò4 both in terms of spatial 

and temporal scales.  

Though, annual accumulated rainfall of Pakistan is expected to increase generally, 

however, the annual accumulated rainfall in the province of Balochistan is expected to 

decrease in future ςЈὅ warm period. The main reason is decrease in winter and spring 

rainfall over its mountains from western disturbances. It can cause a severe shortage of 

water in groundwater and its availability for agriculture and drinking. In this situation, the 

policymakers need to pay special attention to Balochistan as its population growth rate is 

highest all over the Pakistan.  

Another interesting feature of future ςὅ warming in Pakistan, as pointed out by GCM, is 

an increase in precipitation in Gilgit -Baltistan in  all season, all over the year. Increase in 

precipitation is coupled with an increase in cloudiness. These conditions validate the 

Karakoram Anomaly hypothesis for GB in northern Pakistan. Increase in cloudiness, 

especially in summer season may halt melting on high altitude and it may decrease the 

amount of melt water  in river 5. Therefore, glaciers in the Karakoram are expected to survive 

with positive mass balance in ςЈὅ warming scenarios, nevertheless, since they are holding 

water back therefore inflows in River I ndus may decrease. Decrease in snow and glacier melt 

has got implication for down riparian areas.  
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The urban city environments are now called ñheat islandsò since their concrete 

pavements and lack of vegetation cause them to be warmer than the neighboring  natural 

environment.  Urban cities especially megalopolis like Karachi, Lahore, and Islamabad are 

vulnerable to prolonged heatwaves and to the flooding and inundation, as well. Since 

concrete-built structures absorb incoming  solar radiation than its surrou nding natural 

landscape that results in higher temperatures, moreover, these structures occupy open space 

that was once helping percolation of incoming precipitation, therefore, moderate 

precipitation results in flooding and inundation.  

Urban centers such as Karachi, Lahore, Islamabad, Peshawar and Quetta and many other 

cities of the same size are better equipped with educational, health, business, employment, 

and recreational activities, therefore, people are pulled toward these areas. Such pull 

migrations result in  the higher growth rate of these cities and exponential growth of concrete 

structures for business centers, housing and connecting roads on the behalf of formerly open 

spaces and vegetation. As already mentioned that , urban centers are warmer than their 

surrounding and in -case of occurrence of extreme prolonged temperatures (heatwaves) the 

elderly, infants and poor fractions of society fell victim to these environmental disasters.  

In global warming scenarios, a high increase in minimum temperature is expected as 

compared to an increase in day time temperature. In large urban built environments, that 

covers a large area and pavement are higher in ratio than open spaces and vegetation, the 

case is opposite as we are expecting more increase in maximum (daytime) temperature in 

comparison to minimum (nighttime) temperatures.     

Karachi, being the most densely populated and biggest city of Pakistan is highly 

vulnerable to climate change and global warming. Since its temperature is maintained by 

land-sea breeze circulation, therefore, a halt in this circulation can cause severe heatwaves in 

warm seasons. However, the increase in mean annual temperature of Karachi is less 

thanςЈὅ, nevertheless, it is highly vulnerable to the occurrence of frequent heatwaves in dry 
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periods of spring and autumn season and probability of such occurrence is expected to 

increase in the future. The magnitudes of extreme temperature events are likely to increase 

along with longevity in their duration  in the future warmer period  that may risk the health 

condition of the civic population. Annual accumulated precipitation of  Karachi in  future 

warmer period  is expected to increase a little,  but intensities of the individual rainfall events 

is expected to increase especially in late monsoon season. Such irregularities may cause a 

decrease in the amount of effective rainfall.  

Similar to Karachi, Lahore is also expected to experience urban center climate change 

syndrome. The increase in Ὕ (ςȢρЈὅ) is higher than that for Ὕ ςȢπЈὅ, which is associated 

with climate change characteristics in urban settings. Presence of higher and lower extremes 

in temperature distribution of Lahore indicate s the cyclic variability between warmer dry 

and cooler wet years. March to July months are highly susceptible to extreme events and 

heatwaves.  

This will increase the demand for  electricity for air conditioning. Districts governments 

need to take precautionary actions to save its civic population against prolonged heatwaves, 

as well. Such precautionary actions may include cold shelters for the public  where people 

without air -conditioning may take refuge. Moreover, it is time to reconsider the provision of 

electricity , food, and hydrants to big megalopolis like Lahore and Karachi in the light of 

information on its demand growth.  

Monsoon precipitation patterns are expected to be changed in future warm scenarios. 

Monsoon is likely to deliver more rainfall on no rthern (Gilgit -Baltistan) and western 

mountains (Khyber Pakhtunkhwa and Balochistan) and to deliver less rainfall in southern 

Panjab and south-eastern Sindh. Although, the monsoon is gaining strength in the late 

season, nevertheless, the increase in south-western Pakistan is not substantial. This 

increasing (north and west) and decreasing (South-east) pattern will affect the agriculture 

and socioeconomic of Pakistan. Especially in the south where monsoon is the only rainy 
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season throughout the year, a decrease in monsoon rainfall may cause long term droughts 

and famine.   

CHAPTER 2: INTRODUCTION  

During a summit , in Paris in December ςπρυ, organized under the United Nations 

Framework Convention on Climate Change (UNFCCC), ρωυ countries adopted the Paris 

Agreement which includes a long-term temperature goal: 

ñHolding the increase in the global average temperature to well below ςЈὅ above pre-

industrial levels and pursuing efforts to limit the temperature increase t o ρȢυЈὅ above pre-

industrial levels, recognizing that this would significantly reduce the risks and impacts of 

climate change;ò (Article  2.1.a).  

and 

ñIn order to achieve the long -term temperature goal set out in Article 2, Parties aim to 

reach global peaking of greenhouse gas emissions as soon as possible, recognizing that 

peaking will take longer for developing  country  Parties, and to undertake  rapid  reductions  

thereafter  in accordance with the best available  science, so as to achieve a balance between 

anthropogenic emissions by sources and removals  by sinks of greenhouse gases in the 

second half of this century,  on the basis of equity,  and in the context of sustainable 

development and efforts  to eradicate poverty .ò (Article4.1) 6. 

The Paris Agreement reached in December ςπρυ under the auspices of the United 

Nations Framework Convention on Climate Change (UNFCCC) with an explicit intention to 

ñpursue efforts to limit the global temperature increase to ρȢυЈὅ above pre-industrial 

levelò7.   

Since the increase in global temperature is unavoidable, and weather and climate 

extremes that are an inherent  part of our weather and climate are expected to change in 
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terms of their frequency, intensity and areal coverage. Extremes of weather and climate can 

have devastating effects on human society and the environment 1,2.  

The extreme events may be defined in several different ways, mainly depending on the 

need of the user and the objectives of the study. Such extremes may be maxima or minima, 

or they may be described as rare events, moreover, they may be identified by their enormous 

magnitude, or they are important due to their socioeconomic implications. In terms of 

statistics, extreme events are events located in the tail of the distribution. Nevertheless, 

statistical analysis of extreme events is challenging for several reasons.  

As already said, extremes are often characterized by large values (such as outlie rs) and 

identification of such events requires robust and resistant statistics. They are often rare 

events, identified by a small sample of the population coupled with large uncertainty.  Such 

samples may be poorly recorded observations or erroneous values, however, a collection of 

such values over space and time may provide meaningful information  regarding the nature 

of extreme events. Another, robust measure of extreme events is a statistical  analysis of 

moderate extremes (such as first and third quartile ) that can be used to infer the behavior of 

more extreme events. Whereas small samples in a categorical approach can result in a biased 

and non-informative asymptotic limit . 

Since all nations are unanimously committed to limit the increase in global temperature 

under ςЈὅ above the pre-industrial levels, therefore, it is time to reckon the impact of climate 

change on distribution, frequency and magnitude under ςЈὅ warming.  

The most important  sector of human socioeconomic life that is vulnerable to climate 

change in agriculture. Developing countries, such as Pakistan, where extraction of natural 

resources and agriculture are contributing more in the economy than industry,  and 

subsistence farming  is being practiced at large, are more vulnerable to climate change and 

resultant food security threats. It has been suggested that climate change will change the 

sowing and harvesting dates in many locations and in some cases a crop may cease to exist in 
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a specific location. The threats to food security in the wake of climate change are mainly 

because of rising temperatures and change in precipitation patterns. Presently, Pakistan 

commands the highest ratio of irrigated cropland in the region with four -fifth of its total 

cropland being currently irrigated and the remainder  being rain-fed8, and such rain-fed 

areas are more vulnerable to deficiency of water in case of a decrease in precipitation because 

few alternatives are available to irrigate such areas.  

It has been pointed out8 that in addition to the magnitude and pace of climate change, 

the stage of growth during which a crop is exposed to drought or heat is important as 

temperature and seasonal precipitation patterns vary from year-to-year and region-to-

region, regardless of long-term trends in climate. Water availability is  the most important 

resource for food production globally. Addi tionally, variations in genotype, growing period, 

agricultural practices, meteorological and soil conditions also affect the magnitude of yield 

from the crop , moreover, phenological development is the most important aspect of climate 

adaptation to climate shifting. Climate change may alter the rate of phenological 

development and the amount and distribution of precipitation during the growing season. 

Therefore, such changes may result in a mismatch between water demand by crops and 

water availability from precipitation . Climate change may result in changes in the temporal 

distribution of meteorological variables during the crop growing season. One particular 

concern is the crop phonological development which is largely determined by temperature 

and photoperiod, may be out of phase with precipitation and hence water availability during 

critical periods of grain yield determination 9. Since, the amount of water vapor in the 

atmosphere is expected to increase roughly exponentially with increase in temperature, 

especially when a source with an uninterrupted  supply of water is present in ambiance, 

therefore, it is expected that human-induced global warming is contributing in an increase in 

heavy precipitation. Changes (increase) in extreme precipitation are projected by the models, 

however, impacts of future changes in extreme precipitation may be underestimated because 

models seem to underestimate the observed increase in heavy precipitation with warming.  
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Since urban centers are full of attractions, such as opportunities for better health care, 

better educational prospects, and better employment and business potentials all over the 

globe. Therefore, an exponential increase in urban population and a resultant  increase in 

pavements and concrete built environment can turn these big urban centers highly 

vulnerable to climate change. Human-induced global warming has a compounded effect on 

the urban landscape. Keep all these aforementioned impacts of climate on different sectors 

on human life and Pakistanôs economy, the follow ing report is prepared to explain the effect 

of climate change under ςὅ warming scenarios on agro-climatic zones of Pakistan and on its 

urban centers and on the variability of monsoon in its different areas.  

Chapter 2 provides the rational e of the study. Chapter 3 describes the characteristics of 

the data that are utiliz ed in the study. Further, it explains the importance of Global 

Circulation Models (GCMS) for the assessment of future climate change and description of 

the best GCM data that is available for Pakistan for the monitoring, detection , and 

attribution of changes in climate extremes in Pakistan. Moreover, it explains the utility of 

ensemble mean and median over the individual GCM runs and the variables that are 

analyzed from gridded GCM along with in -situ  observations collected and recorded by 

Pakistan Meteorological Department. Chapter 4 explains the methodology to compute GCM 

ensemble averages of temperature and precipitation for the retrospect and prospect. 

Moreover, it describes the baseline period (retrospect) that is taken as a standard climate of 

Pakistan and a future  period (prospect) when the mean annual temperature of Pakistan will 

be increased byςЈὅ.  Furthermore, it delivers information on climate indices tha t provides 

the basis for the evaluation of climate change and the associated change in distribution, 

frequency, and intensity of extreme events. Methodology to delineate Pakistan into different 

agro-climate zones is described along with details on the strategy to evaluate the change in 

future warm climate. In addition to this, methodology to estimate the change in future 

climate extremes distribution for urban centres of Pakistan and to estimate the change in 

monsoon precipitation in different regions of Pa kistan is explained. Chapter 5 describes the 
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change in future climate extremes under Ј╒ scenarios in cropping zones of Pakistan. 

Chapter 6 discusses the impact of climate change in Ј╒ in major  urban cities (federal and 

provincial capitals) of Pakistan and how the proportion of n atural landscape and concrete 

built pavements is affecting the distr ibution of temperature and precipitation. Chapter 7 

deals with the variability of m onsoon in future ςЈὅ warming scenarios and how it is affecting 

socio-economic life in different areas of Pakistan. Chapter 8 accounts for the impact  of 

heatwaves on human health and how heatwaves and climate change is perceived in different 

areas of Pakistan, keeping the socio-economic, regional and educational background of the 

public  in purview.    
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CHAPTER 3: DATA  

There is a general consensus within the climate community that any change in the 

frequency or severity of extreme climate events would have profound impacts on nature and 

society. It is thus very important to analyze extreme events. The monitoring, detection, and 

attribution of changes in climate extremes usually require  fine spatially continuous daily 

data. The most accurate information (the finest spatiotemporal resolution) regarding future  

climate is delivered by Global Circulation Models (GCMs). General Circulation Models 

describe how the air in the atmosphere moves, or circulates, around the globe. They utilize 

the human collective understanding of the description of the conservation and movement of 

momentum, energy, and the mass of atmospheric constituents (including water vapor) . 

Along with the transfer  of momentum,  energy, and mass into and out of the atmosphere 

from oceans and continents, and the energy incoming to the atmosphere as shortwave 

radiation from the  Sun and outgoing as longwave radiation to deep space. GCMs also 

describe the evolution of hydrometeorological variables with that of atmospheric 

constituents (addition of human-induced greenhouse gases and the increase in water vapor 

due to the increase in temperature) . This may require a description  of chemical reactions but 

much more commonly it requires that the phase changes for atmospheric constituents are 

described, the description of the phase changes of water being the most important need 10. 

NASA Earth Exchange (NEX) Global Daily Downscaled Projections (GDDP) dataset (see 

Table 3) are utilized for the analyses of future extreme events in Pakistan. The NEX-GDDP 

dataset comprises downscaled climate scenarios for the whole globe, that are derived from 

the GCM runs conducted under the Coupled Model Inter-Comparison Project Phase 5 

(CMIP5)11 and across two of the four greenhouse gas emissions scenarios known as 

Representative Concentration Pathways (RCPs)12. The CMIP5 GCM runs were developed in 

support of the Fifth Assessment Report of the Intergovernmental Panel on Climate Change 

(IPCC AR5). This dataset includes downscaled projections from the 21 models and scenarios 

for which daily scenario  was produced and distributed under CMIP5. The purpose of this 
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dataset is to provide a set of global, high resolution (0.25° x 0.25° degree), bias-corrected 

climate change projections that can be used to evaluate climate change impacts on processes 

that are sensitive to finer-scale climate gradients and the effects of local topography on 

climate conditions.  

Use of GCM outputs for impact studies is limited for two reasons; firstly, GCMs are of 

relatively coarse resolution grids (e.g., 102 km), which limit t heir capability to capture 

features, such as the impact  of topography at local scales. Secondly, though GCMs are 

globally accurate, however, locally they show bias when compared to in-situ  observations. 

The NEX-GDDP dataset is bias-corrected using Bias-Correction Spatial Disaggregation 

(BCSD)13,14. BCSD algorithm compares the GCM output with corresponding gridded climate 

observations over a common time period to adjust future climate proje ctions to maintain 

consistency with historical observations and the area of interest at a higher spatial 

resolution.  

Each climatic projection of NEX -GDDP includes daily maximum temperature (ὝȟЈὑ), 

daily minimum temperature  (ὝȟЈὑ) and precipitation (ὖȟὑὫά ί ) for the periods from 

ρωυπ through ςππυ (ñRetrospective Runò) and from ςππφ to ςρππ (ñProspective Runò). Over 

here, we have further computed the ensembles of the 21 downscaled CMIP5 GCMs runs in 

both RCP 4.5 and 8.5 scenarios, as an ensemble is closer to in-situ  observations than 

individual members 15. 

The RCPs are named according to the radiative  forcing target level for year 210016. The 

radiative forcing estimates are based on the forcing of greenhouse gases and other forcing 

relative to pre-industrial values and do not include land use (albedo), dust, or nitrate 

aerosols forcing. The four IPCC approved RCP scenarios are considered to be representative 

of the lite rature and included one mitigation scenarios leading to a very low forcing level 

(RCP 2.6, not included in this study), two medium stabilization scenarios (RCP 4.5/RCP 6.0) 

and one very high baseline emission scenarios (RCP 8.5).  In AR4 only 6 scenarios imitated 
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the RCP 2.6, therefore, we are not using this RCP for the study. RCP 4.5 was imitated by 118 

scenarios and RCP 8.5 (high greenhouse gas concentration levels 17) was imitated by 40, 

therefore, both of them are considered for the study. RCP 8.5 was developed using 

MESSAGE model by the Integrated Assessment Framework by the International Institute for 

Applied System Analysis (IIASA), Austria 17. RCP 8.5 is characterized by increasing 

greenhouse gas emissions over time. The RCP 4.5 was developed by the GCAM modeling 

team at the Pacific Northwest National Laboratoryôs Joint Global Change Research Institute 

(JGCRI) in the United States. It is a stabilization scenario in which total radiative forcing is 

stabilized shortly after 2100, without overshooting the long -run radiative forcing target level 

18ï20. 

RCPs are not the fully integrated scenarios as they do not incorporate socio-economic, 

emissions, and climate projects, nevertheless, they are internally consistent sets of 

projections of the components of radiative forcing. In total, a set of four pathways have 

produced that lead to radiative forcing levels of ψȢυ,φȟ τȢυ, and ςȢφ ὡȾά , by the end of the 

century.  

In addition to ensemble downscaled GCMs scenarios, we have used meteorological 

observations collected by the Pakistan Meteorological Department. These observations 

include a time series of daily maximum temperature ( ὝȟЈὅ), minimum temperature ( ὝȟЈὅ) 

and daily accumulated precipitation (ὖ, mm). Most of these time series covers the period of 

1960 to 2013, however, some of them are of shorter duration.  

CHAPTER 4: METHODOLOGY  

GCM Ensemble Averages  

 One of the simplest ways to utilize  a suite of GCMs runs is by computing the ensemble 

averages21 at each grid point within a domain. Literature review suggests that the ensemble 

averages will have a smaller error then the individual ensemble member when compared to 
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in-situ  observations. This error reduction occurs because high-predictability featu res that the 

members agree on are emphasized by the mean, while low-predictability features that the 

members do not agree on are filtered out or heavily dampened15. Median of the maximum 

and minimum temper atures of the NEX-GDDP downscaled GCM for Pakistan are adopted as 

ensemble median (see Figure 1, óὥô and óὦô for Ὕ, and  Ὕ, respectively). A mean value is 

influenced by outliers and skewed distributions;  therefore, we are adopting the median (υπ 

percentile, that is also equal to mean for a normal distribution ) for the development of both 

retrospect and prospect runs of GCMs. On the other hand, for precipitation GCM runs we are 

adopting mean value of the daily precipitation because precipitation follows an extreme 

value distribution where the median is presenting extremely low values that do not match 

with observations, however mean is a better estimation of the collective response of a suit of 

GCMs (see Figure 1, óὧô).  

Climate extreme in Pakistan under 2°C of warming  

The scientific  community has indicated that substantial changes in the earth system 

would occur if the global mean temperature exceeds the threshold of ςЈὅ relative to pre-

industrial levels. Since the signing of the Paris Agreement of December 201522, there is an 

international effort to limit global warming well below ςЈὅ above pre-industrial levels and to 

pursue efforts to limit the temperature increase to ρȢυЈὅ above pre-industrial levels, 

recognizing that, this would significantly reduce the risks and impacts of climate change. 

Another important hypothesis in continuation of ςЈὅ rise in global warming and change in 

intensity and frequency of extreme events is the rise of ςЈὅ with respect to recent climate and 

how climatic extremes will shape in such scenario, locally. Therefore, over here we are 

examining how climate extremes will shape when annual mean temperature of Pakistan will 

be increased by ςЈὅ from a baseline climate (1971-2000) that is before the onset of world 

warmest years in 21st century23. Therefore a ςЈὅ warm Pakistan is defined as years under 

RCP 4.5 and RCP 8.5 scenarios when areal average annual mean temperature of Pakistan is 

ρȢυЈὅ to ςȢυЈὅ higher than that of the baseline period. Figure 2 presents the areal average 
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mean annual temperature of Pakistan for the period of 1950-2099. It is apparent from the 

figure that areal average mean annual temperature for Pakistan is increasing throughout the 

21st century in both RCP 4.5 and RCP 8.5 scenarios.  Increase in areal average annual mean 

temperature in RCP 8.5 is higher than that of RCP 4.5. Areal average mean annual 

temperature of Pakistan in baseline scenarios is almost 20.25°C (see Figure 2, óὥô grey box), 

and under RCP τȢυ GCMs ensemble an increase of ςЈὅ is expected to happen in the period of 

(ςπςχςπφω, see Figure 2, óὦô red-blue box, where areal average mean annual temperature 

anomalies with respect to baseline period are presented), whereas, in RCP ψȢυ GCMs 

ensemble this period is ςπςχςπτυ (see Figure 2, óὦô red box). The duration  of the increase 

in ςЈὅ from a baseline period in RCP ψȢυ ensemble is way shorter than that of RCP 4.5 

ensemble, because, the former is very high emission scenarios, therefore, the higher rise in 

temperature is expected as compared to later that  is a stabilized emission scenario. Similarly, 

the area average annually cumulative precipitation of Pakistan for both historical and future 

periods are presented in Figure 3. Future areal average annually cumulative precipitation in 

Pakistan is increasing with increase in temperature as suggested by Clausius-Clapeyron (C-

C) equation, that describes the water-holding capacity of the atmosphere as a function of 

temperature, and typical values are about χϷ change for ρЈὅ change in temperature4. 

Climate  Indices  

There are a number of ways extreme climate events can be defined, such as extreme daily 

temperatures, extreme daily rainfall amounts, large areas experiencing unusually warm 

monthly  temperatures, or even storm events such as tropical cyclones24. Extreme events can 

also be defined by the impact an event has on society. That impact may involve excessive loss 

of life, excessive economic or monetary losses, or both.  

Since climate extremes can be defined as large areas experiencing unusual climate values 

over longer periods of time (e.g., large areas experiencing severe drought), one way to 

investigate trends in climate extremes over time is to develop indices that combine a number 

of these types of measures. A list of World Meteorological Organization (WMO) approved 
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indices is presented in Appendix-B. These indices are instrumental to detect variation in 

climate.  

Since there is always a mismatch between in-situ  observations and gridded data, 

therefore, historical gridded areal averages of temperature and precipitatio n are not 

comparable to in-situ  observations. However, both retrospect and prospect projections are 

downscaled, and bias-corrected on the same resolution, hence, their areal averages and 

probability distributions  are also comparable to each other.  

To analyze the change in nature of the climate extreme with ςЈὅ rise in mean annual 

temperature in agro-climatic zones of Pakistan, we have classified the country into eleven 

zones. Nine of them are agro-climatic zones based upon an Asian Development Bank study 

on agricultural growth and rural poverty in Pakistan 25 and other two (i.e., Gilgit -Baltistan 

and Azad Jammu Kashmir) are based on administration divisions (see Figure 4). The 

comparison of future climate extremes with baseline period are performed using various 

WMO approved standard climate indices. Areal average of daily means for the baseline 

period (365-days cycle) of maximum  (Ὕ, magenta Line and red circle markers) and 

mini mum temperature (Ὕ , dark blue line and circle markers) are compared with that of 

RCP τȢυ and RCP ψȢυ for each agro-climate zone (see Figure 5 to Figure 15, óὦô). Since we are 

computing the areal average of the whole climatic zone that must be not as high as in-situ  

observations recorded at individual stations,  nevertheless, their distributions are still 

comparable, and they will reveal a lot of information regarding nature of change in extreme 

events. Similarly, daily mean precipitation presenting 365 -days annual cycle from bassline 

period (see Figure 5 to Figure 15, óὧô blue line) is compared to that of ςЈὅ warm Pakistan in 

both RCP τȢυ and RCP ψȢυ scenarios (see Figure 5 to Figure 15, óὧô red dashed line and yellow 

dotted line, respectively).  

The distribution of temperature  and precipitation in  baseline and ςЈὅ warmer Pakistan 

are compared though box and whiskers plots that provides a visual presentation of data. A 
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box and whisker plot (boxplot) is a graph that presents information from a five -number 

summary. It does not show a distribution in as much detail but indicat es whether a 

distribution is skewed and whether there are potential unusual observations ( outliers ) in the 

data set. Box and whisker plots are also very useful to compare baseline distribution of 

temperature and precipitation with that of ςЈὅ warmer Pakistan as it compares the spread 

and overall range of the distributions . In such a plot (see Figure 5 to Figure 15, óὨô to óὶô) the 

end of the box are the upper and lower quartiles (χυ and ςυ percentiles of the cumulative 

distr ibution function, respectively), so the box spans the interquartile range and delineates 

the outliers.  The whiskers extend to the most extreme data points not considered outliers, 

and the outliers are plotted individually using the red ' ' symbol26. Median value (υπ 

percentile) of the distribution is presented by the central bar of the box plot.  

We have computed some very informative climates indices that helps to identify the 

characteristics of extreme events in ςЈὅ warmer Pakistan. Theses indices includes;  

i)  Total count of days where maximum temperature (Ὕ) is above ςυЈὅ that also 

refers to count of summer days in a calendar year,  

ii)  Total count of days where maximum temperature (Ὕ) is aboveσπЈὅ, in a calendar 

year, that refers to hot days.  

iii)  Total count of days where maximum temperature (Ὕ) is aboveσυЈὅ, in a calendar 

year, that refers to very hot days.  

iv)  Total count of days where maximum temperature (Ὕ) is aboveτπЈὅ, in a calendar 

year, that refers to extremely hot days. 

v) Total count of nights where minimum temperature ( Ὕ) is above 25Јὅ , in a 

calendar year, that refers to extremely hot nights . 

vi)  Total count of nights where minimum temperature ( Ὕ) is below 10Јὅ, in a 

calendar year, that refers to cold nights. 

vii)  Total count of nights where minimum temperature ( Ὕ) is below 5Јὅ, in a 

calendar year, that refers to very cold nights.  

https://www.statcan.gc.ca/edu/power-pouvoir/glossary-glossaire/5214842-eng.htm#outlier
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viii)  Total count of wet days with precipitation  ὖ  is greater than 1 mm, in a calendar 

year. 

ix)  Total count of days with moderately intense precipitation (ὖ υάά , in a 

calendar year. 

x) Total count of days with intense precipitation ( ὖ ρπάά , in a calendar year. 

xi)  Total count of days with extremely intense precipitation (ὖ ςπάά , in a 

calendar year.  

xii)  Total count of dry days (ὖ ράά , in a calendar year.   

All these climate indices are presented in Figure 5 to Figure 15 for different agro -climatic 

zones of Pakistan.  In addition t o these climate indices, the average precipitation for each 

Julian day (365-days cycle) from baseline years and warm years is presented (see Figure 5 to 

Figure 15, óὧô). This reveals seasonal changes in precipitation in warm periods with respect to 

the baseline period. Furthermore, we have used a single mass curve to present mean daily 

cumulative precipitation for the baseline period and ςЈὅ warm periods for comparison. The 

mass curve revels long-term sustained trends. The comparison of the mean annual trend of 

baseline period to ςЈὅ warm Pakistan in different agro -climatic zone reveals how 

precipitation in the dif ferent season will be affected (see Figure 5 to Figure 15,Ȭίȭ). 

The impact of climate change on the extreme events of different urban centers of 

Pakistan is also evaluated. The urban built environment of the megalopolis of Karachi, 

Lahore, Islamabad, Peshawar, and Quetta is growing exponentially and so does their 

population. Since these urban centers are more vulnerable to climate change and extreme 

climate hazards than their surrounding natural landscape, therefore, chan ge in extreme 

events distribution, longevity , and intensity are evaluated for them under ςЈὅ warmer 

scenarios. In addition to the above mentioned indices, the following indices are also analyzed 

for the urban centers of Pakistan:  

i)  Change in the magnitude of a maximum  of maximum temperature (Ὕ ).  
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ii)  Change in the magnitude of a minimum  of maximum temperature (Ὕ ). 

iii)  Change in the magnitude of the maximum  of minimum  temperature (Ὕ ).  

iv)   Change in the magnitude of a minimum  of minimum  temperature (Ὕ ).  

v) Percentage of days above the 90 th percentile of baseline temperature (ϷὈὥώί Ὕ

ωπὴ. 

vi)  Percentage of days below the 10th percentile of baseline temperature (ϷὈὥώί Ὕ

ρπὴ. 

vii)  Percentage of days above the 90 th percentile of baseline temperature (ϷὈὥώί Ὕ

ωπὴ. 

viii)  Percentage of days below the 10th percentile of baseline temperature (ϷὈὥώί Ὕ

ρπὴ. 

ix)  Warm Spell Duration Index.  

 

To evaluate the change in summer monsoon rainfall in Pakistan, the percentage change 

(Ϸɝ) in  monthly and seasonal cumulative precipitation from baseline period to future 

warmer period  (both RCP 4.5 and 8.5 scenarios) is evaluated for whole Pakistan.    

CHAPTER 5: FUTURE CLIMATE EXTREMES UNDER 

Ј╒ SCENARIOS IN CROPPING ZONES OF PA KISTAN  

Introduction  

The country is divided into 11 agro-climatic zones (see Figure 4), broadly based on 

physiography, climate, agriculture , land use, water availability, and cropping patterns 

bounded within common administration  boundaries.  The main agro-climatic zones of 

Pakistan are as follows:  

i)  Rice-Wheat Punjab 
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ii)  Cotton-Wheat Punjab 

iii)  Low-Intensity  Punjab 

iv)  Barani-Rain Fed Punjab 

v) Cotton-Wheat Sindh 

vi)  Rice-Other Sindh 

vii)  Khyber-Pakhtunkhwa (KPK) 

viii)  Balochistan  

ix)  Mixed-Punjab 

x) Gilgit -Baltistan  

xi)  Azad Jammu Kashmir 

Details of the districts in each Agro-Climatic Zone is presented in Table 1.  

i.  Rice/Wheat Punjab  

Rice/Wheat Punjab is comprised of districts of Sialkot, Gujrat, Gujranw ala, Sheikhupura, 

Lahore, Kasur, Narowal, Mandi Bahauddin , and Hafizabad (See Figure 4, Figure 5 and Table 

1).  The population of this zone is recorded as συ million  in the yearςπρχ, whereas it was ςσ 

million in yearρωωψ. The annual growth rate of the zone is almost ςȢςϷ.   

Rice, Wheat, and Sugarcane are the main crops grown in the zone. The source of 

irrigation is perennial and non-perennial  canals supplemented by tub wells (groundwater  

abstractions). Rice and Wheat are the major food crops while Rice dominates with an 

earning as foreign exchange. Besides them, Jawar, Bajra, Mash, Moong, Masoor, Gram, 

Maize, Tobacco, Oil Seed such as Rape/Mustard, and sunflower are also grown in minor 

quantities in this zone. Winters are mild, whereas late spring and summers are hot followed 

by a rainy summer (Monsoon) season that ends in dry autumn. Both historical and future 

ensemble of GCM runs capture 365 days annual changes in temperature and precipitation 

very effectively. Rise in spring and summers maximum temperature (Figure 5, Panel óὥô) 

indicates accumulation of sensible heat with limited precipitation. However, the monsoon 
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season that starts in early July and ends in the middle of September delivers a copious 

amount of rainfall ( as high as 8 mm/day, ͯ τυπάά for the season, Figure 5, Panel óὧô). 

Autumn is relatively a dry season, although winters receives rain from western disturbances 

tim e to time. Maximum temperature drops in the rainy season and diurnal temperature 

range (DTR) decreases (See Figure 5, óaô). With the incr ease in annually mean areal average 

temperature of Pakistan byςЈὅ, future GCM simulation suggest an increase in both 

maximum and minimum temperature in all months (see Figure 5, ódô and óeô).   An increase in 

the likel ihood of extreme events in maximum temperature is expected in spring and autumn 

seasons (April and November) that are mainly dry . τπЈὅ lies almost on the 50th percentile of 

future GCM Projections in the months of May and June.  It indicates the increase in the 

likeli hood of maximum temperature above half of the time.  On the other hand, in the month 

of June, the likelihood of extreme daytime temperature increases if it  goes dry.  

In the case of minimum temperature, (see Figure 5, óeô) likelihood of an increase in 

extreme events is higher for the whole year. The future minimum temperature of the 

summer and winter seasons is significantly higher than the historical  baseline period. An 

annual number of days with maximum temperature above ςυЈὅ is expected to increase in the 

future warmer period . In the baseline period, it is almost nine months (~265 days) with a 

temperature above ςυЈὅ, while in the future i t is expected to increase by another ~ 20 days. 

It indicates that winter are shrinking,  and the summer season is expanding. There is a 

substantial i ncrease (almost a month, see Figure 5, óὬô) in annual frequency of hot days i.e.  

Ὕ  σπЈὅ. Frequency of days above συЈὅ (very hot) and τπЈὅ (extremely hot) is expected to 

increase drastically. Increase in duration  is more than two months for  former and 1.5 months 

for later, respectively. Temperature higher than τπЈὅ is more likely to prevail in late spring 

and early summer before the onset of monsoon, and it is marked by extreme events in both 

historical and future scenario s. Similar to maximum temperatures the night time minimum 

temperatures are also increasing (see Figure 5, óὯô). On the other hand, the frequency of the 

cold nights (Ὕ ρπЈὅ) is decreasing by 30 days and very cold night will cease to exist with 
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ςЈὅ increase in mean annual temperature. Annual number of wet days (ὖ  ράά) are 

decreasing in a future warm clima te in this agro-climate zone. Whereas, moderate to 

extreme intensity precipitation events are likely to increase (see Figure 5, óέô and óὴô). It 

indicates that in warming world intense precipitation ( micro  and meso-scale) events are 

more likely to happen, whereas, large scale and less intense events are less likely to happen 

in this zone in a future  warm climate. Together with this , the annual frequency of dry days is 

expected to increase in the future warm climate, as well (see Figure 5, óὶô). On the seasonal 

scale, the precipit ation in winter, spring and autumn is decreasing, while monsoon 

precipitation is increasing  in this zone. That indicates a decrease in precipitation from large 

scale western disturbances and increase in micro  and meso-scale precipitation from 

monsoon with more chances of flooding (see Figure 5, óὪô). Comparison of yearly cumulative 

precipitation in the baseline period and future warming periods indicates that late winter 

and spring will turn drier  in the warm scenario. Early monsoon will receive less rainfall 

whereas late monsoon will receive more rainfall dominated by extreme intensity events that 

may lead to flooding and inundation . Wet summer are expected to lead to wet winters.  

With an increase in ςЈὅ in mean annual temperature of Pakistan this zone is expected to 

be warmer. However, the presence of extreme events on the both ends of temperatureôs 

probability  distribution (above 75th percentile and below 25th percentile) indicates an 

oscillation of cli mate between prolonged hot dry and relatively shorter cool wet cycles on 

inter -annual to inter -decadal scales. Since this region is one of the densely populated agro-

climate zone of Pakistan and it provides essential food grains that beefs up the regional food 

security, therefore, there is a need to device strategies that can ensure water from snow and 

glacial ice melts in dry seasons. In addition to this , since, late winter and spring are expected 

to be warmer and dryer, therefore, it may affect sowing of Kharif crops (sown in spring and 

harvested in autumn) due to limited availability of soil moisture, on the other hand, the Rabi 

(sown in autumn and harvested in spring)  may be affected by an increase in late monsoon 

precipitation especially if it is causing flood and inundation . Overall, annually cumulative 
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precipitation is expected to increase with higher variability coupled with prolonged dry spells 

terminated with int ermittent short intense rainy periods.  

ii.  Cotton Wheat Punjab  

Cotton-wheat Punjab is comprised of districts  of Sahiwal, Pakpatan, Khanewal, Vehari, 

Multan, Lodhran, Bahawalnagar, Bahawalpur, and Rahim Yar Khan and it covers Sothern 

part of Punjab that border s with India and province of Sindh (see Figure 6, óὥô).  The 

population of this agro -climatic  region has been increased from 7 million (1998) to 9.8 

million (2017) 27 with  an annual growth rate of around 2.1%. Major  crops sown in this region 

are cotton, wheat, rice, maze, sugar cane and potato on large areas, whereas, oil seeds, pulses 

and vegetables on small scales. Fruits includes citrus, mangoes and guava. The region is 

irrigated by canals, and wells and a small portion is depending on rainfall only.  

Both maximum and minimum temperature are expected to increase with the rise in ςЈὅ 

in mean annual temperature of Pakistan. This region is predominantly warm through out the 

year, as a portion of the region is covered by Cholistan desert that adjoins the Thal desert in 

its south extending to Sindh, and into India  in its east. Daytime temperature exceeds σπЈὅ in 

early spring and within a month it exceeds τπЈὅ threshold  and stay above it for next three 

month, till Augus t (see Figure 6, óὨô).  Night temperature also remain above σπЈὅ in June and 

July (see Figure 6, óὩô).  GCM ensemble in both retrospect and prospect is imitating 365-days 

annual cycle of change in maximum and minimum temperature and precipitation , very 

effectively. Winter  and spring seasonôs rainfall in this region is very low (not more than trace 

most of the times), however, it receives a good rainfall in monsoon season that extends to 

September, sometimes. Amount of  cumulative rainfall received in this ACZ is lower than 

ACZs situated in its north and it is higher than those in its south and west.  Winter and spring 

seasonôs rainfall i s already very low in baseline years and they are expected to decrease 

further in ςЈὅ warmed climate, especially in the spring season. Mean monthly accumulated 

monsoon rainfall is expected to decrease with an increase in extreme intensity events (see 

Figure 6, óὪô). That indicates that the overall amount of rainfall received is expected to 
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decrease and chances of torrential rainfall events increase in projected ςЈὅ warm periods. 

Such a change in precipitation pattern may decrease the amount of effective rainfall  that can 

be stored in the root zone and can be utilized  by the plants. Moreover, such erratic behavior 

may increase the dependency on irrigation methods, other than natural  rainfall .  

Annual frequency of summer days (Ὕ ςυЈὅ is expected to increase from ~290 to ~320 

(almost by a month, see Figure 6, óὫô) but in warm years it is expected to cover whole year 

duration. Similarly, the annual frequency of hot days (Ὕ σπЈὅ is expected to increase 

from eight months to around nine months (see Figure 6, óὬô) and annual frequency of very 

hot day (Ὕ συЈὅȟ see Figure 6, óὭô) is expected to increase from ~6 months to ~7 months. 

Drastic change is expected in extremely hot days (very extreme events,  Ὕ τπЈὅȟ see Figure 

6, ó▒ô) where the frequency of occurrence is likely to be increased by 2 folds (i.e., ~60 

days/year  to greater than 100 days/year ). Frequency of nighttime temperature is also 

expected to increase from ρρψ ὨὥώίȾώὩὥὶ to ρσπ ὨὥώίȾώὩὥὶ averagely in warm environment 

(annual number of warmer nights Ὕ ςυЈὅȟ see Figure 6, ó▓ô). Annual frequency of cold 

nights is expected to decrease in ςЈὅ warmed future period by 20 nights/year  averagely (Ὕ

ρπЈὅȟ see Figure 6, ó■ô), and very cold nights are not expected to occur in the future warm 

climate (see Figure 6, ó□ô). The annual frequency of wet days are expected to decrease a little 

(by ~ 5 days), however, variability in the annual frequency of wet days is also decreasing, 

indicating a sustainable supply of rainfall though for shorter durations (ὖ ράάȟ see Figure 

6, ó▪ô). This is complemented by increase in annual frequency of dry days with the higher 

consistency (see Figure 6, órô). Annual frequency of days with moderate intensity rainfall are 

expected to increase indicating an increase in the likelihood of extreme events (see Figure 6, 

ó▫ô), however, considering a very dry nature of this region, very extreme events are less likely 

to happen (see Figure 6, ó▬ô).   

Analysis of mass curves does not indicate strong deviations, especially in RCP 4.5 

scenario where higher number of years are available for the analysis as compared to RCP 8.5 
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scenarios (see Figure 6, ó▼ô). Likelihood of extreme events in the late monsoon may cause 

unnecessary deluge for sugarcane and rice crop. Downpour may damage standing crops and 

may risk the growth of weeds that may scale back the yield.  

Heat stress affects both yield and quality of vegetables, therefore increase in summer 

season temperature is catastrophic for the vegetables. That can be avoided by adopting 

ñAgro-Forestryò techniques. In such methods, trees are planted around the field to provide 

partial shade from scorching Sun.  

Vegetables are nutritious as these provide vitamins and anti-oxidants, have low level of 

sugars and fat. An integrated approach is necessary to save vegetables in such situations. 

Growing vegetables in the right area is essential. As vegetables require less area, so behind 

the wall of any building will be helpful in providing shade. We should encourage ñAgro-

forestryò. When there are trees around the field of the vegetable area, it will create a partial 

shade and also act as shelter belts. Itôs also important to water plants frequently as 

evaporation becomes high in summer. Heat becomes the cause of drought stress. Keep in 

mind that many sun -loving plants, such as tomatoes, also require a lot of water. Water is the 

key component to healthy plants, especially during the hottest parts of the day. 

This ACZ is relatively warmer than its northern counterparts because of its proximity to a 

desert and, therefore, it is dry as well, as it receives ρσπάάȾώὩὥὶ annually. In fut ure ςЈὅ 

warm climate the winter and spring are expected to be warmer and drier that will increase 

the likelihood of convective rainfall on micro -scales especially in late monsoon. Such change 

in precipitation do not favours the timely availability of mois ture in the soil for sowing. 

Warm duration of the year is expected to be stretched with a substantial increase in the 

frequency of extremely hot days and warm nights. Whereas, the annual frequency of clod 

nights will decrease to naught in future  ςЈὅ warm climate. Since the future climate  is drier, 

therefore, the annual frequency of wet days is decreasing, nevertheless, the chances of 

moderate intensity rainfall are increasing.  
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iii.  Low -Intensity  Punjab  

The ACZ of Low-Intensity Punjab includes districts of Dera Ghazi Khan, Rajanpur, 

Muzaffargarh, Layyah, Mianwali, Bhakkar,  and Dera Ismail Khan. The population of the 

regions has been increased from 2.3 million (1998) to 3.0 million (2017) 27 by an annual 

growth rate of ~3.28%, that is highest among all the ACZs.  

This region is situated on the banks of River Indus, contouring the  base of Suliman 

mountain ranges (see Figure 7, ó╪ô). Rivers of Punjab also merge together in the south of this 

ACZ.  The overall climate of th is ACZ is normally dry and hot in summer, having little 

rainfall, but winter is relatively cold. Due to the dry and barren mountains of Koh -Suleman 

and desert like the soil of the area, heavy windstorms are very much common in the summer. 

Wheat, Rice, fruits and vegetables are the popular corps in the region.  

As already mentioned,  the climatology  of this ACZ is dominated by high temperature s 

and due to less rainfall , the soil remains mainly dry that leads to accumulation of available 

energy into sensible heat instead of latent heat. The daytime temperature in winter is 

moderate, nights are cold, however, increase in temperature starts in spring and cross 

threshold  of τπЈὅ in April and remain high till the end of August  (see Figure 7, ó╫ô). Diurnal 

temperature range remains high throughout the year; however, nights are very warm (Ὕ

σπЈὅ) in summer season. Daytime temperature subsides in monsoon season (see Figure 7, ó╫ô 

& ó╬ô). Highest variability in daytime temperature is expected in April. It is because April will 

remain cold if it is rainy elsewise heatwave like satiation may prevails. Similar conditions are 

valid for May and June as well. Concentration of low temperature extremes indicates 

immediate relief from very high temperatures from rainfall (see Figure 7, ó▀ô). 

This ACZ is characterized by a very low precipitation in winters (see Figure 7, ó╬ô). It 

receives a little rain (mostly trace i.e.   ρ άά) in late winter and early spring season. Spring 

and summer are mainly dry before the onset of monsoon. That is the time when temperature 

is expected to soar up in dry conditions. Monsoon starts in June and lasts till September. The 
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amount of precipitation received in monsoon is less than its northern neighboring ACZs.  

Autumn season is again very dry and may cause heatwave conditions.  

Both maximum and minimumôs temperature monthly distribution in baseline period and 

future ςЈὅ warm period is distinguished by low temperate extremes below the 25th percentile 

(see Figure 7, ó▀ô & ó▄ô). It is because the ACZ is mainly dry and very warm, however, due to 

cloudiness and rainfall the temperature subsides. Though, both maximum and minimum  

temperature are marked wit h a distinct in crease in temperature in ςЈὅ warm climate. 

However, heatwave conditions are expected to be more frequent in spring and autumn, 

especially if they are dry. Nighttime temperature is expected to be uncomfortable from May 

to August, especially in dry conditions.  

Annually frequency of warms days is expected to increase by ςυσπ days in future 

warmer period  (see Figure 7, ó▌ô). Similarly,  hot days are expect to increase from 225 to 245 

( τͯπ) days (see Figure 7, ó▐ô). Increase in annual frequency of very hot days is expected to be 

around 20 (see Figure 7, ó░ô). Whereas, extreme hot days (Ὕ  τπЈὅ) are expected to increase 

from 50 to 90 ( τͯπ) days (see Figure 7, ó▒ô). In baseline period the annual frequency of 

extreme hot days was little more than 50 days that would be increased to 3 months in the 

future warmer period . Increase in temperature for such long period is intimidating , as it can 

affect life seriously. It may damage Rabi crop. Moreover, the demand in energy for air 

conditioning is expected rise. Annual frequency of warm nights is also expected to increase 

from 105 days to 135 days (~ one month, see Figure 7, ó▓ô). Complementing these conditions, 

the frequency of cold nights is expected to decrease from 100 to 75 and probability of very 

cold nights cease to exist in future warmer period s (see Figure 7, ó■ô & ó□ô). A little increase in 

wet days (decrease in dry days) is expected in future warmer period  (see Figure 7, ó▪ô & ó►ô). 

However, probability of intermediately intense precipitation is expected to increase  (see 

Figure 7, ó▫ô). Seasonal analysis of precipitation suggest that monthly accumulated 

precipitation is expected to decrease in spring and monsoon season, however the probability 

of intense rain is likely to increase (see Figure 7, ó█ô). Such situation may reduce the amount 
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of effective rainfall available to the agriculture.  Single mass curve analysis of mean 365-days 

of baseline and future warmer period  suggests that spring precipitation is expected to 

decrease in future that will cause more dryness and will increase the chances of heatwave 

conditions , in additions to that monsoon rainfall are shifting toward autumn with decrease 

in monthly accumulated precipitation and increase in intensity  (see Figure 7, ó▼ô).  Late 

season intense precipitation may cause flooding as well.  

This agro-climate zone is densely populated with higher than average growth rate. High 

temperatures and relatively low rainfall ( ςͯππάάȾώὩὥὶ) are the dominant characteristics of 

the ACZ. Spring season is dry and extremely warm, summers are dominated by monsoon 

and are relatively cooler. Higher concentration of low temperature extreme events ( 

ςυ ὴὩὶὧὩὲὸὭὰὩ) indicates that this ACZ is expected be dryer and warmer in future warmer 

period, however, cloudiness and rainfall will bring an immediate relief from heat stress and 

may cause low temperature (as per temperature distribution of ACZ) incidences.  Occurrence 

of warm, hot, very hot and extremely hot days are expected to increase in future warmer 

period. Through, annual frequency of wet days is expected to increase with an increase in 

frequency of intermediately intense rainfall events, but monthly accumulated rainfall of 

spring and summer is expected to decrease. Monsoon is expected to be more intense toward 

the end of the season that may cause flooding and inundation in low lying areas. In 

conclusion, Low Intensity Punjab is expected to be warmer with frequent occurrence of low 

temperature extremes that are coupled with cloudiness and rain.  

iv.  Barani -Rain Fed  Punjab  

Barani-Rain Feb Punjab includes the districts of Attock, Rawalpindi, Islamabad, 

Chakwal, and Jhelum (see Figure 8, ó╪ô). It lies between the river Jhelum and the River Indus 

and also called as Potohar Plateau. Geomorphologically, the area can be classified into 

mountains, hills, rock plains, weathered rock plains, piedmont plains, loess plains, and river 

plains. The soils of the area have developed from wind and water transported materials  

consisting of loess, old alluvial deposits. The population of the region has been increased 



39 
 

   

Pakistan Meteorological Department   
 

from 7.4 million ( 1998) to 12 million (2017)27 in 20 years with an annual growth rate of  

3.26% that makes it a rapidly growing area.  

Dryland  farming  is the main land use. Wheat, maize, sorghum, groundnut, gram, 

mustard, sunflower , and soybean are the major cultivated crops along with livestock rearing 

as the main component of the rural economy. 

Climate of this ACZ is mildly cold in winter and hot in summers when daytime 

temperatures soars above τπЈὅ (see Figure 8, ó╫ô). Temperatures increase rapidly in summer 

season up the onset of monsoon in the month of June (see Figure 8, ó╫ô and ó╬ô), afterwards 

daytime temperature subsides. Minimum temperatures remain above πЈὅ throughout the 

year except for very few nights (see Figure 8, ó▄ô). This region receives copious amount of 

rainfall in both winter and summers as compared to other ACZs of Pakistan (see Figure 8 , 

óbô).  Western disturbances intercepted by lesser Himalayas in winter season delivers 

substantial amount of rainfall. On the other hand, in summer season, the two arms of 

monsoon; i.e., from tail of monsoon from Bay of Bengal and Arabian Sea both converges over 

here and deliver highest amount of precipitation across the country. The spring is relatively 

dry season in comparison to winter and summer, whereas autumn is the driest  season (see 

Figure 8, óὦô). Whenever the summer season is dry, it increases the probability of heatwaves 

in the season, as soil moisture is not available to consume available energy through 

evapotranspiration process, therefore, net energy is stored as sensible heat that increase the 

temperature (especially daytime). Combination of dry and hot is conducive for heatwaves.  

Heatwave conditions in April are noticed in the baseline period, however, its likelihood 

increases in ςЈὅ warm future period (see Figure 8, ó▀ô). In  addition to that, months of May, 

June and July are expected to be very hot, especially, if they are dry for extended periods of 

time. August and September are relatively cooler than their preceding months, however, they 

are hotter in warmed future projections. Daytime temperature are marked with low 

temperature extremes all around the year, these are the incidences of cloudy days with 
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relieving temperature after a long dry spell, and they are not damaging in comparison to heat 

waves, instead, they are comforting (see Figure 8, ó▀ô). Nevertheless, high temperature 

extremes (>75th percentile) are evident in spring and summer seasons that may cause very 

uncomfortable conditions for people living especially in urban built environments . 

Nighttime temperatures are, sometimes, below πЈὅ in winter season that is not conducive 

for growing season, whereas they are projected to be above σπЈὅ in summer of warm future 

period that can increase heat stress on human life, especially infants, children and senile 

portions of the population (see Figure 8,ó▄ô).  

Comparative analysis of monthly precipitation of baseline period with future warmer 

period indicates that extreme events in winter precipitation are expected to decrease in this 

ACZ, whereas, the cumulative monthly spring precipitation is expected to decrease (see 

Figure 8 , ó█ô). The monthly cumulative precipitation of summer season is expected to 

increase with an increase in the likelihood of extreme precipitation events, similarly , autumn 

precipitation is expected to increase both in magnitude and in extreme events. 

A decrease in winter precipitation is catastrophic for the fall ( Rabi) crops in the region, 

especially wheat. The decrease in spring precipitation indicates drier period that is usually 

coupled with soaring temperatures and heat waves. Summer season increase in monthly 

cumulative precipitation and the likelihood  of extreme events indicates the possibility of 

meso and micro-scale events with torrential rainfall. Such conditions can reduce the number 

of wet days and torrential rainfall may  cause flooding, therefore less effective rainfall is 

available for the ACZ.  

Annual frequency of warm days above different thresholds are expected to increase in 

warm future climate scenarios (see Figure 8, ó▌ô, ó▐ô, ó░ô, ó▒ô and ó▓ô). It indicates the likelihood 

of expansion in the summer season by at least a month  with the possibility of a bove τπЈὅ for 

more than 30 days. Furthermore, the annual frequency of very warm nights is expected to 

increase up to more than three months as compared to one month in the baseline period. 
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Moreover, the annual frequency of cold nights is substantially  decreasing (see Figure 8 , ó■ô), 

and very cold nights ceased to exist (see Figure 8, ó□ô).  

As already mentioned that annual frequency of wet days is decreasing and that of dry 

days is increasing (see Figure 8, ó▪ô and ó►ô), with an increase in days with mo derately intense 

precipitation (see Figure 8, ó▫ô and ó▬ô). Increase in frequency of moderately intense 

precipitation indicates an increase in the likelihood of micro and meso-scale precipitation 

events that will reduce the amount of effective rainfall available to the soil.  Furthermore, 

winter and spring season precipitation is projected to decrease till early monsoon, however, 

late season monsoon is expected to increase with an incr ease in autumn season rainfall (see 

Figure 8, ó▼ô). 

Summarizing this, the population of ACZ of Barani -Rainfed Punjab is growing at a higher 

annual growth rate than that of country ôs average. It is rain-fed plateau in-between two large 

rivers i.e., Jhelum and Indus with  mildly cold winter and hot summers. It receives highest 

rainfall  among all the ACZ of Pakistan. The spring season in this ACZ is warm and vulnerable 

to heatwaves, especially if it goes dry and it is expected to be warmer and dries in future 

warmer period . Nevertheless, both day and night temperatures are marked with cold 

extremes due to cloudiness and rain  events. Such extremes are not damaging, rather, they 

are relieving for such high ambient temperature regime. Warm days are expected to expand 

by a month in future warmer period . In addition to this, nights are also expected to be 

warmer that may cause uneasiness for children, elders and ailing person of the society. Wet 

days are expected to decrease with an increase in the intensity of individual rainfall events. 

Winter precipitation is expected to decrease in projected warm period, whereas, summer 

precipitation is expected to increase with an increase in extreme rainfall events. Early 

monsoon period is getting dry, whereas, late monsoon seasons are getting wet and intense. 

v.  Cotton -Wheat Sindh  
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This ACZ is situated in south-eastern Pakistan bordering states of Rajasthan and Gujrat 

of India, comprising districts of Kahirpur, Nawabshah, Hyderabad, Tharparkar, Nowshehro 

Feroz, Ghotki, Umerkot, and Sanghar (see Figure 9, ó╪ô). A large fraction of this ACZ is 

irrigated  through the water canal. Population of this ACZ was recorded as 2 million in 1998, 

whereas, it is increase to 3.2 million in 201727 with an annual average growth rate of ςȢωϷ per 

year that almost equal to that of Pakistan on average (ςȢψρϷ). Cotton, wheat, sugar cane and 

rice are the main crops of the region.  

The climate  of this ACZ is predominantly dry and extremely hot.  A record of extreme 

temperature observation has been set on Monday, April 30, 2018, when υπȢςЈὅ temperature 

was observed in Nawabshah by Meteo-France28, which was the highest temperature ever 

reliably measured on the planet during April. Similarly, Pakistan Meteorological Department 

reported υσȢυЈὅ as Maximum Temperature at Turbat 29, υπȢςЈὅ at Nawabshah, υπЈὅ at 

Jacobabad and τωЈὅ at Larkana on the same date. Extreme dry conditions desiccated soil 

moisture and all available sun energy accumulated at sensible heat energy and with no 

partitioning in latent heat, it causes the extreme temperature to happen in the area. 

Daytime temperature in this ACZ is above ςυЈὅ, and night temperature is above υЈὅ, all 

around the year (see Figure 9, ó╫ô). In warmed future period, the areal average annual mean 

temperature is expected to increase ς σЈὅ, which is warmest among all the agro climatic 

zones. The annual hydro-meteorological cycle of the ACZ is effectively imitated by the 

baseline and future climate scenarios (see Figure 9, ó╫ô & ó╬ô). All year, expect monsoon that 

starts in June and ends in September, is dry and extremely hot. Monsoon season have a 

cooling effect on daytime temperatures all over the Pakistan, however, temperature in this 

ACZ is so high that monsoon cooling can be observed on nighttime minimum temperatures, 

as well (see Figure 9, ó╫ô). Monthly accumulated rainfall of monsoon season in this ACZ is 

not as high as that of rice-Wheat Punjab and Barani Punjab, it is very low and is limited to 

only one rainy season.  
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As already mentioned,  that it is very warm ACZ where maximum temperature is above 

ςυЈὅ nearly all around the year. Summer season in particular is very dry and extremely hot. 

τπЈὅ Threshold is crossed in the month of April that is expected to be crossed in March in 

warm future climate project ions. In the baseline period climate, maximum  temperatures stay 

higher than τπЈὅ in May and June for more than χυϷ of the time, however, it cools down in 

July with the onset of monsoon rainfall.  In future warm climate period, maximum 

temperature (Ὕ) is expected to stay higher then τπЈὅ from March to October . There is higher 

probability that it will stay above τυЈὅ for ςυϷ of the times in the May and June (see Figure 

9, ó▀ô). Similarly, nighttime temperature is above υЈὅ all around the year in baseline period, 

which are expected t0 be above ρπЈὅ throughout the year  in future warm years  (see Figure 9 , 

ó▀ô). Minimum temperature is vulnerable to occurrence of extremes events in future warm 

climate in winters, however, these extremes are not catastrophic for human life. On the other 

hand, expected increase above σπЈὅ in Ὕ is expected to cause discomfort from May to 

August in future warm climate period (see Figure 9, ó▄ô). 

Monthly cumulative precipitation comparison of baseline period with future warm 

climate period indicates that future monsoon rainfall is expected to increase in quantity and 

intensity. Considering the sandy soil conditions of the ACZ the increase in quantity and 

intensity of monsoon rainfall may increase the likelihood of flooding and decrease in 

availability of effective rainfall (see Figure 9, ó█ô). Autumn season rainfall is also expected to 

increase in quantity and intensity. That indicates likelihood of intense, short lived micro and 

meso-scale events.  

Different indices based on temperature threshold indicates that frequency of warm days 

are expected to increase in this ACZ as suggested by warmed future climate projections (see 

Figure 9, ó▌ô, ó▐ô, ó░ô, ó▒ô, ó▓ô). Future warmer years are expected to be above ςυЈὅ all around 

the year. Furthermore, annual frequency of very hot days and warm nights are expected by 

increase by a month. On the other hand, annual frequency of colds nights is expected to 

decrease.  
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Annual frequency of wet days is expected to increase in future warmer climat e (see 

Figure 9, óὲô), and that of dry days is expected to decrease (see Figure 9, ó►ô). In addition to 

this, intermediate intensity events are expected to increase (see Figure 9 , ó▫ô). Annual mean 

cumulative precipitation single mass curve analysis of baseline period to that of future 

warmed climatic projections indicates an increase in monsoon precipitation especially in the 

months September and October. It is indicative of longevity of monsoon season with increase 

in its quantity and intensity  toward the end of season. 

Summarizing the discussion, it can be said that ACZ of Cotton-Wheat Sindh is very dry 

and extremely hot. World record of extreme temperature in summer has be observed over 

here. Apart from monsoon season the whole year is very dry, even though, the accumulated 

monsoon rainfall is less than other ACZs of Pakistan that are situated in its north. Annual 

frequency of extremely warm days is expected to increase by at least a month in future ςЈὅ 

warm projected scenarios.  Furthermore, very warm and stressful nights are expected to 

increase, as well. Quantity and intensity of monsoon rains are expected to increase, 

especially in late summers and early autumn season. This will reduce amount of effective 

rainfall available to Rabi crops. Moreover, short -lived micro -scale rain spells are more likely 

to occur in a warm ambiance as suggested by future climate change projections.  

vi.  Rice -Other Sindh  

Agro-climatic zone of Rice-Other Sindh is comprised of districts of Jacobabad, Larkana, 

Dadu, Thatta, Badin, Shikarpur, Karachi  (see Table 1). This ACZ strides the lover portions of 

the river Indus  (see Figure 10, ó╪ô). The population of thi s region grew from 3.6 million 

(1998) to 5.3 million (2107) 27 in nearly 20 years with mean annual growth rate of 2.2% (see 

Table 2) that is little less than average mean annual growth rate of all ACZs. Due to proximity 

of Indus River this ACZ has got a very fertile land. Dominant crops are rice, wheat, 

sugarcane, barely and pulses and in fruits and vegetables guava, mangoes, oranges, olives, 

melons, carrots, cucumber, onion and potatoes are prominent.  
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Though, this region is relatively  cooler than Cotton-Wheat Sindh, however, still  it is warmer 

than other ACZ situated in it s north. Winters are mild whereas summers are hot (see Figure 

10, ó╫ô) with  a relief in daytime temperature in monsoon season. Nights are relatively warm 

in this ACZ (see Figure 10, ó╫ô), and the reason is the presence of water vapor due to river 

Indus and irrigation canals.  Though, this ACZ receives rainfall in monsoon season 

predominantly, however, it also receives a little rainfall in winter as well, as sometimes 

western disturbances with southward extension approaches this ACZ. However, rainfall 

received in seasons other than monsoon are not substantial (see Figure 10, ó╬ô) and amount 

of rainfall received in monsoon is little less th an Cotton-Wheat Sindh. This ACZ is also 

vulnerable to a greater increase in temperature when mean annual temperature of the 

country will increase by ςЈὅ in future projections (see Figure 10, ó╫ô). In addition to that, 

summer monsoon precipitation is expected in increase in early season that is contrary to 

ACZs in its north , where late season monsoon precipitation is increasing while early season 

precipitation is decreasing.  

Spring season is expected to be very warm under warmed future climate projections. Springs 

are expected to be warmer th an τπЈὅ for υπϷ of the times with increase in probability of 

τυЈὅ. Especially month of May is expected to be higher than τπЈὅ most of the time (see 

Figure 10, ó▀ô). Daytime temperature decreases with the onset of monsoon season; however, 

it is expected to be extremely hot in the absence of cloudiness and rain. Daytime temperature 

extremes are marked with low temperature extremes (due to cloudiness and precipitation), 

as well. Which provides relief in very hot summers. Nighttime t emperature is marked with 

high temperature extremes in the late spring and summers (see Figure 10, ó▄ô) that may 

increase the risk of heat stress. Extreme night temperature  in spring season can be attributed 

to advection of warm continental winds from India, whereas, extreme night temperature in 

summers may be attributed to an increase in vapor pressure before saturation and 

condensation processes. Minimum temperature of September is marked with low 
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temperature extremes that may attributed to cold fronts and penetration of western 

disturbances in the southern parts of Pakistan. 

Monthly accumulative precipitation and intensity of individual rain events are expected to 

ri se in summer monsoon and autumn in this ACZ as suggested by future warm climate 

projections (see Figure 10, ó█ô). Increase in summer monsoon precipitation may have a 

positive impact on Rabi crops (Rice) of this ACZ, especially when River Indus flows are 

strictly regulated and a decrease is expected in River Indus Flows  due to Karakoram 

Anomaly30. Nevertheless, due to increase in intensity of the monsoon rainfall, short-lived 

micro -scales events are more likely to happen that may reduce the amount of effective 

rainfall available to moisten the soil.  

Warmed future climate projection suggest that annual frequency of maximum temperature 

Ὕ ςυЈὅ (see Figure 10, ó▌ô) will be increased to whole year from almost 11 months in 

baseline scenarios. Similarly annual frequency of warms days is also increased by a month in 

future warm climate projections (see Figure 10, ó▐ô, & ó░ô), especially very hot days  Ὕ τπЈὅ 

is expected to increase to 60 days from 15 days in baseline scenario (see Figure 10, ó▒ô). Span 

of warm nights are expected to increase from 4 months to more than 5 months (see Figure 

10, ó▓ô) cold nights will virtually cease to exist in projected warm climatic projections (see 

Figure 10, ó■ô and ó□ô).  

Number of wet days is increasing with complementing decrease in number of dry days in 

future warmed climatic projections as compared to baseline period (see Figure 10, ó▪ô and 

ó►ô). However, the variability in the number of wet and dry days is far higher in future 

warmed climatic projections as compared to baseline period. It means that wet years could 

be exceptional wet and vice versa. Such high variability can place this ACZ in a vulnerable 

situation alternating between extreme flooding and severe droughts. Due to a greater 

number of years in RCP 4.5 scenario than that of RCP 8.5 scenarios, there is higher 

variability in former then latter.  Together with this, probability of inte rmediate intensity 
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precipitation evenest is increasing that is indicative of short -lived micro and meso-scale 

events (see Figure 10, ó▫ô).  

Annual cumulative precipit ation single mass curve comparison of baseline period to that of 

future warmed climate scenarios indicates an increase in early season monsoon rainfall that 

will extend to autumn. There is not much difference in winter and early spring rainfall (see  

Figure 10, ó▼ô) between these two periods. 

Summarizing it, this ACZ is situated alongside the banks of River Indus, and a substantial 

portion of the ACZ is irrigated through  canals, therefore, the soil is rich in moisture and 

vegetation cover is substantial that holds a cooling effect on the thermal regime of the ACZ. 

Its temperature is cooler then that neighboring relatively dry ACZs. Monso on is a 

predominant rainy season, nevertheless, a little rainfall is received in winter s, as well. A 

higher increase in temperature is expected in this ACZ in ςЈὅ warm future climate 

projections than other neighboring ACZs in its north. Spring season is expected to be warmer 

than any other season. Daytime temperature is expected to be higher than τπЈὅ in warmed 

future climate change projections. Daytime temperatures subside with onset of monsoon, 

however, in case of dry summers the likelihood to heatwaves is expected to increase in 

future.  In addition to this, warm season are expected to stretch by 2 months in this ACZ. 

Summer monsoon and autumn monthly cumulative precipitation is expected to increase in 

warmed future  days with increase in intensity of individual events that it indic ative of short-

lived micro scale events. Such events may reduce the amount of effective rainfall available to 

soil for agriculture purposes. Moreover, variability of seasonal rainfall is expected to increase 

in warm future projections that is  validating the popular adage ñrich get richer and the poor 

get poorerô4  in terms of water availability on temporal scale, where wet years are vulnerable 

to floods and dry years are vulnerable to intense droughts.  

vii.  Kh yber -Pakhtunkhwa  
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Agro climatic zone of Khyber-Pakhtunkhwa is comprised of all districts excluding Dera 

Ismail Khan (see Table 2). It can be divided into two geographic regions: mountainous areas 

in the north (Hindu -Kush) and Trans-Indus plains and minor mountains ranges in the 

south. It is a diversified region  comprised of mountains, plateaus, plains, and river valleys 

with heterogeneous characteristics. The population of the region has grown from ρχȢχ 

million in the year ρωωψ to σπȢυ million in the year ςπρχ with mean annual growth rate of 

σȢφϷ that is above the mean annual population growth rate of all ACZ of Pakistan (ςȢψχϷ, 

see Table 2). The main crops of the region are Maize, Rice, Cotton, and Sugarcane in Kahrif 

(spring) and Wheat, Barly, Tobacco and Sugar Beet in Rabi (fall) along with various variety 

of fruits and vegetables.  

Areal average of daily maximum and minimum  temperature from baseline scenarios and 

future warmed climatic projections has imitated 365-days annual cycle of change in 

temperature very effectively.  However due to diversity of the landscape of KPK the areal 

means are representing a specific land use, never the less they are presenting the mean 

characteristics of the region.  

The climate of KPK is mainly cold in winter and it is warm in summers (see Figure 11, 

óὦô). The mountainous high elevated areas are severely cold in winter with mild warm 

summers, whereas, plains are mildly cold in winter with hot summers. Such extremes are 

presented in bar and whiskers plot of maximum and minimum temperature (see Figure 11, 

óὨô and óὩô), where extremes below 25th percentiles are presenting thermal regime of cold 

parts of KPK in extremes above 75th percentile presents the thermal regime of hot parts. 

Daytime temperature in Winters are extremely cold in elevated northern parts of the this 

ACZ with below πЈὅ temperature, however it is mild in plains with nearly ρυЈὅ, whereas night 

time temperature goes below freezing in most of the hilly areas and it is mildly cold in plains.  

Soaring temperature in spring can be witnessed in both day and nighttime temperatures and 

summers are hot. Though only in heatwave conditions, that do not persist for a very long 

time period, the maximum temperate sho ots above τπЈὅ, but in future warmed climatic 
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projections maximum temperature is likely to cross τπЈὅ in the month of April and October, 

whereas there is no precedence of such events in baseline period. Likewise, occurrence of 

minimum temperature above σπЈὅ (uncomfortable nights) is likely to happen in future warm 

climate projection in duration from May to September, whereas in baseline scenario it is 

confined to Jun and July  temperature (see Figure 11, óὩô).  

Annual frequency of warm days are expected to rise by a month in future warmer climate 

(see Figure 11, óὫô), and very hot days are expected by rise by more than three months (see 

Figure 11, óὬô). The annual frequency of cold nights, on the other hand, is expected to 

decrease from 195 to 170 with low uncertainty (see Figure 11, óὰô).  Similarly, very cold nights 

are also expected to decrease by a month (see Figure 11, óάô).   

Annual precipitation pattern is captured  effectively by ensemble GCMs projections in 

both baseline period and future warmed climate  (see Figure 11, óὧô). This ACZ receives 

rainfall in both winter and summer season. Western disturbances start  to deliver rainfall in 

different parts of the ACZ in December till early spring when it receives the maximum of 

western disturbances rainfall (see Figure 11, óὧô). Spring season is relatively dry with 

minimum rainfall in June. July is market with onset of monsoon rainy season that extends to 

September, sometimes. Early autumn is also dry. Winter cumulative precipitation is higher 

then that of Punjab, however, summer monsoon cumulative precipitation is less than that of 

Punjab. Areal average monthly cumulative precipitation in baseline and future warmed years 

is compared though Bar and whisker plots at seasonal scales (see Figure 11, óὪô). It indicates 

that increase in winter precipitation is expected with increase in intensity of extreme events. 

It is indicative of occurrence of micro -scale events instead of large-scale precipitation events. 

In  addition to this, increase in intensity of individual events indicates presence convective 

storm embedded in wester disturbances. Spring season monthly cumulative precipitation is 

expected to decrease with increase in intensity of individual events. That is again indicative 

of micro -scale convective precipitation. Decrease in monthly cumulative indicates prolonged 

dry seasons and whenever it will rain it is expected to be convective storm that may cause 
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localized flooding. Monthly cumulat ive precipitation of monsoon season is expected to 

increase with little increase in extreme precipitation events. It indicates more consistent 

monsoon precipitation in this region as it receives tail of monsoon moisture from both Bay of 

Bengal and Arabian Sea and increase if one trail of moisture is not strong enough it may 

receive precipitation from other.  Similar to winter, autumn precipitation is expected to 

increase averagely with an increase in its intensity.  

Mean inter -annually cumulative precipitat ion single mass curve analysis of baseline 

period with that of future warm year is presented (see Figure 11,ósô). It indicates increase in 

winter precipitation, decrea se in spring precipitation, and again increase in late monsoon 

(August to October) and autumn in warmed future years as compared to baseline scenarios.  

Summarizing the discussion on ACZ of KPK, which is comprised of a diversified land 

cover, ranging from lofty mountains in its north and west to river plains in its entre and 

south. Mean annual growth rate of population in this ACZ is higher than average of other 

ACZs. Land is fertile and cultivable all around the year. High elevated mountainous areas are 

severely cold in winter with mildly warm in summers, whereas, winters are mildly cold, and 

summers are hot in plains. In future warm climate projections, t he summers are stretched by 

two months. Duration of both hot days and very warm nights is expected to increase.  

Frequency of cold nights is decreasing. This ACZ is moist as it receives precipitation from 

both western disturbances (in winter s) and monsoon (in summers). Future warmed GCM 

projections suggests that winter precipitation  is expected to increase in quantity and 

intensity, where chances of occurrence of convective precipitation are increasing. Spring 

season quantitative precipitation is decreasing with increase in likelihood of extreme events 

that may cause localized flooding. Decrease in spring season precipitation is also indicative  

of dry conditions that  may facilitate the occurrence of heatwave conditions in dry years. 

Monsoon quantitative prec ipitation is expected to increase, especially in the late monsoon 

season, which increase the risk of flooding as soil is already saturated in late monsoon season 
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and it may cause runoff instead of percolation. Such conditions reduce the amount of 

effective rainfall available to soil for agriculture.   

viii.  Balochistan   

Province of Balochistan is an arid desert and mountainous region in the southwestern of 

Pakistan. It borders Arabian Sea, Gulf of Oman, Iran, KPK, Punjab and Sindh. The main 

crops of the region includes wheat, rice, maize, bajra, jawar and barley in limited areas31. The 

population of the province has grown from 6.5 million in 1998 to 12.5 million in 2017 27 with a 

mean annual growth rate of 4.4% than is higher than any other ACZ of Pakistan.  

Due to scarcity of water agricultural activities are  very limited. Unlike, Hindukush -

Karakoram- Himalaya (HKH), there are no perennial rivers in Balochist an and most of the 

surface runoff never reaches to Arabian Sea32. Most of the rainfall  received either 

accumulates as groundwater  or lakes. In case of intense rainfall,  the hill torrents cause 

flooding coupled with land and mudslides.  

Comparison of 365-day annual cycle of maximum and minimum temperature in baseline 

period and future warmer period  indicates that both maximum and minimum temperatures 

are expected to increase, all around the year (see Figure 1,óὦô).  Though Balochistan is an arid 

region however the areal average temperature is not as high as in Sindh. The reason behind 

is mountainous terrain of th e province, where temperature at elevated locations is low, 

nevertheless, at low lying locations temperature is very high. For instance the location of 

Sibbi is exceptionally warm throughout the province of Balochistan 33. Maximum 

temperature in winters is very moderate that it indicative of mild winters. Minimum 

temperature is sometimes below freezing (see Figure 1,óὦô).  In spring season, the maximum 

temperatures soars from ςπЈὅ to above τπЈὅ and it remains high through th e summer season 

till autumn. There is no dominant contribution of monsoon especially at high altitude 

location, whereas low-lying areas receive precipitation in monsoon season. Similarly, the 

minimum temperature at follows the same pattern, although, the d iurnal temperature range 
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decreases in low-lying regions in monsoon season (see Figure 1,óὧô).  Amount of Precipitation 

received in Balochistan is extremely low throughout the year  (see Figure 1, óὧô).   Western 

mountainous locations of the Balochistan province receives precipitation mainly in winter 

season through western disturbances. On the other hand, low-lying areas on the east receives 

precipitation in monsoon season.  The intermittent spring season receives seldom rainfall , 

and whenever it is dry, the likelihood of extreme heatwaves prevalence will be increased in 

warmed future climatic projections (see Figure 1, óὨô). The likelihood of heatwaves is 

expected in autumn (especially in September) in dry years. Though maximum temperature is 

not as high as Sindh, nevertheless, the minimum temperature are quite high in late from 

May to September and they are expected to increase in warmed future period (see Figure 1, 

óὩô).  Annual frequency of warm days is increasing (see Figure 1, óὫô, óὬô and óὭô), in warm 

future period in comparison to baseline period, especially occurrence of Ὕ τπЈὅ that is 

non-existent in baseline period is likely to happen in warm future ye ars (see Figure 1, óὮô), 

similarly Ὕ ςυЈὅ is unprecedented in baseline that present with a conspicuous magnitude 

in warm future period  years (see Figure 1, óὯô). On the other hand occurrence of cold nights is 

decrease in warm future period (see Figure 1, óὰô and óάô).  

Annual frequency of wet days are expected to decrease in future warmer period , that is a 

direct contrast to rest of ACZs of Pakistan where they are increasing (see Figure 1, óὲô). The 

region is extremely dry therefor no events of intermediate resolution has been notice in 

baseline or future warmer period . Monthly cumulative Precipitation in winter , spring and 

autumn seasons is expected to decrease in quantity and intensity of individual events is also 

expected to decrease, as well (see Figure 1, óὪô). Monsoon receiving areas are expected to 

receive more monthly accumulated precipitation with increase in the intensity of individual 

events in summer season. Although, monsoon is already a convective precipitation tyupe 

phenomena, but an increase in the intensity of individual rainfall events indicates likelihood 

of short lived micro scale phenomenon.  
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The annual cumulative precipitation single mass curve comparison of mean baseline 

period to that of mean future warmer period  indicates that precipitation is likely to decrease 

almost all around the year expect in summer season. It has got implication on food security 

of the region. Mountainous areas of Balochistan receives precipitation from southward 

extended western disturbances in winter and spring season. A substantial portion of the this 

winter precipitation is snowfall that serves as a memory and it is available to moisten soil 

upon melting in spring season and sustains a water supply. A decrease in winter season 

precipitation may cause wheat crop (rabi) and orchids to fail and may create a famine like 

situation. On the other hand, monsoon rain is expected to increase with likelihood of short 

lived microscale rainfall events that may cause flooding. Hill torrents of Balochistan will be 

more extreme in future warmer period .  

In  summary, Balochistan is a dry arid region with speedily growing population. Daytime 

temperature is likely to increase with increase in probability of heatwaves in spring and 

autumn season. In future warmer period , probability of warm, uneasy, stressful ni ghts is 

expected to increase with decrease in probability of cold nights. Frequency of wet days is 

expected to decrease. Winter and spring rainfall over high elevated mountainous areas is 

expected to decrease and summer monsoon in low-lying areas in east of Balochistan is 

expected to increase with an increase in high intensity events in warm future period, this can 

cause an increase in frequency of hill torrents. Whereas , decrease in winter precipitation may 

affect the food security of the region that would affect other areas of Pakistan as well.  

ix.  Mixed Punjab  

The agro-climatic  zone of mixed Punjab is comprised of districts of Sargodha, Khushab, 

Jhang, Faisalabad, Toba Tek Singh and Okara (see Figure 13). The population of mixed 

Punjab is increase from 2.3 million (1998) to 3.2 million (2017) by annual growth rate of 

1.8%, though that is lowest among all the agro-climatic zones throughout th e Pakistan (see 

Table 2). Together with fruits and vegetables, the popular corps of the region are wheat and 

sugarcane in Rabi (fall) season and rice in kharif (spring) season. 
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Both maximum (Ὕ) and minimum Ὕ  temperatures are increasing with an increase in 

mean annual temperature of Pakistan by ςЈὅ (see Figure 13, óὦô). Comparison of 365 Julian 

days mean annual cycle of Ὕ  and Ὕ in baseline period (1971-2000) to that of warmed 

climate (RCP 4.5 and 8.5) indicates that both daytime and night temperature are expected to 

increase as suggested by GCM runs. Nevertheless, annual cycle of Ὕand Ὕare fully captured 

by the future GCM runs. In baseline period, this zone is dominated by mild cold days and 

cold nights and they will turn more warm with projected increase of ςЈὅ temperature (future 

period). In baseline period, this zone is receiving a meager amount of late winter rainfall (

 ράά), mainly from western disturbances, that is expected to decrease in projected warmer 

years (see Figure 13, óὧô Ǫ óὪô ). Spring season in this zone is very dry with extremely less 

rainfall and soaring temperature Ὕ τπЈὅ as a little of available energy is consumed by 

latent heat of evaporation and remaining all energy is available sensible heat. In baseline 

period the mean monthly Ὕ for the month of May is less than τπЈὅ, however, in warming 

scenario it is expected to increase above the threshold of τπЈὅ (see Figure 13,ȬὨȭ).  That will 

increase the likelihood of extreme heat events in spring season. On the other hand, many of 

the extreme events are present below 1st quantile indicating presence of not very hot days 

across the year (see Figure 13,ȬὨȭ) in both baseline and warmed years. They are probably 

because of cloudy days, nevertheless, their occurrence is decreasing with increase in 

temperature in future warmed years. Increase in diurnal temperature range (DTR) in 

summer season will continue to increase till the onset of summer monsoon in the month of 

July, afterwards it decreases throughout the rainy season. Monsoon season is very well 

captured by the GCM runs in both historical and future periods. It starts in mid -June and 

continues will September. Summer monsoon rainfall is expected to remain same or decrease 

a little in magnitude, however, it is expected to increase in variability (extreme events) in 

future warm environment. Likelihood of very hot nights is expected to increase in summer 

monsoon period in projected warming, moreover, very warm nights will stretch from May to 

September in comparison to baseline scenarios where it is confined to June-August. Least 

increase in Ὕ is observed in autumn season of warm periods (see Figure 13,Ȭὦȭ), and a little 
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increase in seasonal precipitation with chances of more extreme events is expected (see 

Figure 13,ȬὪȭ).  

Frequency of warm days (Ὕ ςυЈὅ) per year is expected to increase from 275 to almost 

~300 days per year (see Figure 13,ȬὫȭ), a similar increase in hot days (Ὕ σπЈὅ, see Figure 

13,ȬὬȭ), however, a dominant increase in frequency is witnessed in very hot and extremely hot 

days, i.e., ~30 days (165 days to ~195 days) for the former and nearly 25 days (45 days to ~ 

70 days) for the later (see Figure 13,ȬὭ Ǫ Ὦȭ). It indicates that summer season will stretch by 

nearly one month and extremely hot summer will also stretch by th ree weeks. Similarly, 

frequency of warm nights per year are also increasing by a month (see Figure 13,ȬὯȭ). On the 

other hand, frequency of cold nights is decreasing and very cold nights are virtually non -

existent in warmed projections (see Figure 13,Ȭὰ Ǫ άȭ).  

Number of wet days are decreasing in warmed Pakistan with respect to baseline period 

(see Figure 13,Ȭὲȭ), however, the moderate intensity events frequency is increasing (see 

Figure 13,Ȭέȭ), whereas extreme intensity (ὖ ρπάά) that are very few in baseline period 

are increase in the future (see Figure 13,Ȭὴȭ). Frequency of dry days is expected to increase 

and that is complementary to decrease in wet days as already indicated (see Figure 

13,Ȭὲ Ǫ ὶȭ). 

Comparison of precipitation mass curves, of the region, from historical b aseline period 

and warm future periods indicates that late winter and spring precipitation is likely to 

decrease in magnitude. Monsoon is expected to decrease in early season while an increase is 

likely by the end of monsoon season followed by an almost unchanged autumn season (see 

Figure 13,Ȭίȭ).    

With growing population the demand of wheat and rice is expected to increase in coming 

decades. Though agro-climatic zones of mixed-Punjab is irrigated region. However, the 

increase in spring temperature coupled with decrease in spring rainfall can cause severe 

abiotic stress on wheat crop while restraining its crop production, similarly, Rice yield also 
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declines with increase in temperature34. Spring planted crops are likely to be affected by the 

decrease in spring rainfall and increase in its temperature. As this region is irrigated as well, 

snow-melt water is usually not available for spring period. On the other hand, increase in 

late monsoon rainfall can facilitate  plantation of sugarcane (fall planted crop) as higher 

temperature and availability of more moisture is suitable for it 35.  

Summarizing the discussion on ACZ of Mixed Punjab, the GCM are effectively imitating 

365-days annual cycle of change in temperature and precipitation and they indicate an 

increase in both day and nighttime temperatures in a future ςЈὅ warm period. Spring is the 

warmest season of the year and probability of heatwaves is very high in late spring and 

summer period in case of dryness. Annual frequency of warm and hot days along with warm 

uneasy nights is expected to increase with decrease in that of wet days. However, the 

intensity of individual rainfall events is expected to increase in future warmer period , 

especially in summer and autumn season. Late winter and spring season cumulative 

precipitation is likely to decrease in magnitude and monsoon is likely to be weaken in early 

season, while being strong and intense in late season that may increase the risk of flooding. 

On the other hand, increase in autumn season rainfall may have a positive effect on fall 

(Rabi) crops as soil would be more moist (in case there is no flood).  

x.  Gilgit -Baltistan  

Gilgit -Baltistan is taken as an administrative region. It is comprised of districts of 

Ghanche, Shigar, Kharmang, Skardu, Gilgit, Ghizer, Hunza, Nagar, Diamer and Astore 

(Figure 14, óὥô). This regions is comprised of mountain ranges of Karakoram and Himalayas. 

Some of the world highest mountains belong to this region.  

Being highly elevated mountainous region the temperature of the region is cold. Winters 

are extremely cold with mildly wa rm summers (see Figure 14, óὦô), and August is the warmest 

month. Distribution of temperature of the region are marked with high temperature extreme 

events in nearly every month (see Figure 14, óὨô), however, due to elevation the temperature 
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are low therefore these extreme temperature events and heatwaves are not lethal for the 

people, expect in summer and low-lying areas, such as Gilgit Valley. Maximum temperate 

(Ὕ) are expected to increase all around the year in future ςЈὅ warm period and highest 

increase in temperature is expected in summers. Similar trends are witnessed in minimum 

temperature (Ὕ) as well (see Figure 14, óὩô). There are not many instances where areal 

average temperature of the regions is considered as heat weaves, nevertheless, big cities 

situated in valleys often experience heatwave like conditions for few days in summers.  

However, number of cold nights are decreasing by around two months (see Figure 14, óάô).  

365-days hydrologic cycle is fully imita ted by GCM in both baseline and ςЈὅ warm future 

scenarios. This ACZ receives precipitation from western disturbances obstructed by lofty 

orography in winter  and spring, a small fraction of monsoon approaches in summer season, 

although, autumn is relativel y a dry season (see Figure 14, óὧô). The cumulative monthly 

precipitation in increase all around the year, with increase in intensity of individual rainfall 

events (see Figure 14, óὪô).  This indicates transition of large scale precipitation to meso - and 

micro -scale short lived convective precipitation. Increase in precipitation in ςЈὅ warm future 

scenario may help to turn the hydrologic mass balance of the catchments positive if less 

melting of glacier is occurring at high altitude suggested by the hydro meteorological 

perspective of Karakorum anomaly36. Annual frequency of wet days is also expected to 

increase in future warmer period  (see Figure 14, óὲô). Moreover, rainfall events of moderate 

intensity are likely to increase in warm future scenario (see Figure 14, óέô). The single mass 

curve analysis of mean annual cumulative precipitation in baselin e and future warmer period  

scenarios indicates that precipitation is likely to increase in all seasons in warm future 

periods (see Figure 14, óίô).     

ACZ of Gilgit -Baltistan is comprised of mountains, valleys and plateaus, it is host to some 

of world tallest mountains and largest glaciers, as well. The winters over here are extremely 

cold, whereas, summers are mildly warm. Low-lying valleys are vulnerable to heatwave in 

ςЈὅ warm future period since both day and nighttime temperatures are expected to increase. 
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Though, very high temperature events are not fully presented in areal averages of 

temperature on regional scale, nevertheless, frequency of cold nights is decreasing and 

region is expected to be warmer in future warmer period . Although, winter and early spring 

will remain below freezing even if the temperature increases. Change in precipitation in 

future warmer period  is positive throughout the year. Though, distribution of precipitation 

events indicates an increase in changes of convective and short-lived micro and meso-scale 

precipitation. An increase in precipitation across the year may turn the mass balance of the 

glaciers in the region, positive, especially when summer monsoon will approach to high 

elevation36 and high elevated location are perennially below πЈὅ and precipitation 

accumulates in the form of snow.  

xi.  Azad Jammu Kashmir  

The agro-climate zone of Azad Jammu Kashmir (AJK) is taken as an administrative 

division. It is comprised of ten districts; namely Mirpur, Kotli, Bhimber, Poonch, Haveli, 

Bagh, Sudhanoti, Muzaffarabad, Jhelum Valley, and Neelam Valley.  This ACZ is a 

mountainous region predominantly that encompasses the power part of the Himalaya. 

Agriculture is main source of mean of production. Low -lying areas are densely populated and 

they grow crops like wheat, maize, barley and millet, whereas the high elevated locations are 

sparsely populate and they rely mainly on f orestry and livestock, nevertheless, they grow 

potato, maize and wheat.  

Temperature of the ACZ of AJK is mildly cold in winters and moderately warm in 

summers, nevertheless, low-lying areas are vulnerable to high temperature and heatwaves in 

summers. Comparison of Areal average maximum and minimum temperature of the region 

in baseline period and future ςЈὅ warm period indicates that averagely temperature is 

expected to increase in future warm years, with  higher increase in summers (see Figure 15, 

óὦô). DTR is expected to increase in spring period, especially in case of low precipitation. 

Annual frequency of warm days are expected to increase in warm future period (see Figure 

15, óὫô and óὬô). Counts of days when Ὕ σπЈὅ  are almost non-existent in baseline period, 
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however, they are more than a month in future  period. Although, very hot days and very 

warm nights are not traced in future warm scenarios. Another indicator of future warming in 

AJK is decrease in cold nights (see Figure 15, óὰô and óάô). 

AJK receives precipitation in winter through interception of western disturbances by 

Himalayan Mountains  and in summer through monsoon as gradual northward increase in 

elevation allows monsoon moisture to rise on the mountain range with substantial 

downpour. For this reason amount of precipitation received in monsoon is greater than that 

of winters  (see Figure 15, óὧô). 365-day annual cycle of precipitation is effectively imitated by 

GCM runs in both baseline and future warmer period . Monthly cumulative precipitation 

analysis on seasonal scales indicates a decrease in winter and spring precipitation, but an 

increase in summer and autumn precipitation , although, the intensity of individual events is 

expected to increase in all seasons (see Figure 15, óὪô). Decrease in winter and spring 

cumulative precipitation has got a negative effect on annual frequency of wet days as it is 

expected to decrease in future warmer period  (see Figure 15, óὲô and óὶô). Analysis of annual 

frequency of days with ὖ υάά and ὖ ρπάά also suggests an increase in rainfall events 

with moderate and heavy precipitation (see Figure 15, óέô and óὴô). In addition to this, 

comparison of cumulative precipitation single mass curve of baseline period to future 

warmer period  is also indicative of decrease in winter and spring precipitation up to 

monsoon season. However, it is expected to increase in late monsoon with higher intensity 

till autumn. Such conditions are more likely to generate flooding in late monsoon and early 

autumn season. That is the time when snow and glaciated ice is also melting and torrential 

rainfall on top of ice melting may cause flood in downstream areas and it may also damage 

the hydropower generation plants and affect the water reservoirs such as Mangla Dam on 

River Jhelum.  

Conclusions  

In ςЈὅ future warming period the temperature of Pakistan is expected to increase with 

variability in its different agro -climate zones.  In Rice/Wheat Punjab presence of extreme 
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events on the both tails of temperatureôs probability distribution (above 75 th percentile and 

below 25th percentile) indicates an oscillation of climate between prolonged hot dry and 

relatively shorter cool wet cycles on inter-annual to inter -decadal scales. Since, this regions is 

one of the densely populated agro-climate zone of Pakistan and it provides essential food 

grains that beefs up the regional food security, therefore, there is need to device strategies 

that can ensure sustained water availability from snow and glacial ice melts in dry seasons. 

In addition to this, since, la te winter and spring are expected to be warmer and dryer, 

therefore, it may affect sowing of Kharif crops (sown in spring and harvested in autumn) due 

to limited availability of soil moisture, on the other hand, the Rabi (sown in autumn and 

harvested in spring) may be affected by an increase in late season monsoon precipitation 

especially if it is causing flood and inundation. Overall, annually cumulative precipitation is 

expected to increase with higher variability coupled with prolonged dry spells termina ted 

with intermittent short intense rainy periods.  

ACZ of Cotton Wheat Punjab is warmer than other ACZ in Punjab as it is in close 

proximity of a desert. It is dry and receives little rainfall. In future ςЈὅ warm climate the 

winter and spring are expected to be warmer and drier that will increase the likelihood of 

convective rainfall on micro -scales especially in late monsoon. Such change in precipitation 

do not favours timely availability of moisture in the soil for sowing. Warm duration of the 

year is expected to be stretched with a substantial increase in frequency of extremely hot 

days and warm nights. Whereas, annual frequency of clod nights will decrease to naught in 

future  ςЈὅ warm climate. Since future climate is drier, therefore, annual frequenc y of wet 

days is decreasing, nevertheless, the chances of moderate intensity rainfall are increasing. 

ACZ of Low Intensity Punjab is densely populated with higher than average growth rate. 

High temperatures and relatively low rainfall ( ςͯππάάȾώὩὥὶ) are its dominant 

characteristics. Spring season is dry and extremely warm, summers are dominated by 

monsoon and are relatively cooler. Higher concentration of low temperature extreme events 

indicates that this ACZ is expected be dryer and warmer in future warmer period  with 
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frequency occurrence of very hot days, however, cloudiness and rainfall will bring an 

immediate relief from heat stress and may cause a decrease in temperature. Annual 

frequency of wet days is expected to increase with an increase in frequency of intermediately 

intense rainfall events but monthly accumulated rainfall of spring and summer is expected to 

decrease. Monsoon is expected to be more intense toward the end of the season with 

increased likelihood of flooding and inundation in low l ying areas. In conclusion, Low 

Intensity Punjab is expected to be warmer with frequent occurrence of low temperature 

extremes that are coupled with cloudiness and rain. 

The population of ACZ of Barani-Rainfed Punjab is growing at a higher annual growth 

rate than that of countryôs average. It receives highest rainfall among all the ACZ of Pakistan. 

The spring season in this ACZ is warm and vulnerable to heatwaves, especially if it goes dry 

and it is expected to be warmer and dries in future warmer period . Nevertheless, both day 

and night temperatures are marked with cold extremes due to cloudiness and rainy  events. 

Warm and hot period of the years are expected to be stretched in future warmer period . Wet 

days are expected to decrease with an increase in the intensity of individual rainfall events. 

Winter precipitation is expected to decrease in projected warm period, whereas, summer 

precipitation is expected to increase with an increase in extreme rainfall events. Early 

monsoon period are getting dry, whereas, late monsoon seasons are getting wet and intense. 

ACZ of Cotton-Wheat Sindh is very dry and extremely hot and the hottest period of 

summers is expected to expand in length coupled with increase in annual frequency of very 

warm nights. It receives rainfall only in monsoon season. Quantity and intensity of monsoon 

rains are expected to increase, especially in late summers and early autumn season with 

dominance of short-lived micro -scale rainfall events. This will reduce amount of effective 

rainfall available to Rabi crops. 

A large portion of Rice-Other Sindh is irrigated through river Indus. Its temperature is cooler 

then that neighboring relatively dry ACZs. Monsoon is a dominating rainy season, 
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nevertheless, a little rainfall is received in winters, as well. In comparison to ACZs in its 

north a higher increase in temperature is expected under ςЈὅ warmer future projections. 

Warm seasons is expected to be prolonged with frequency occurrence of heatwaves, 

especially in prolonged dry conditions. Summer monsoon is expected to increase in quantity 

and it is expected to prolong toward autumn. Probability of short -lived micro scale events is 

expected to increase. Moreover, variability of seasonal rainfall is expected to increase in 

warm future projections that is validating the popular adage ñrich get richer and the poor get 

poorerô4  in terms of water availability on temporal scale, where wet years are vulnerable to 

floods and dry years are vulnerable to intense droughts.  

ACZ of Khyber-Pakhtunkhwa is comprised of diversified land cover ranging from lofty 

mountains in its north and west to river plains in its entre and south. High elevated 

mountainous areas are severely cold in winter with mildly warm in summers, whereas, 

winters are mildly cold and summers are hot in plains. In future warm climate projections, 

the summers are stretched by two months. Duration of both hot days and very warm nights 

is expected to increase, along with decreasing frequency of cold nights. This ACZ is moist as 

it receives precipitation from both western disturbances (in winters) and monsoon (in 

summers). Future warmed GCM projections suggests that winter precipitation is expected to 

increase in quantity and intensity, where chances of occurrence of convective precipitation 

are increasing. Spring season quantitative precipitation is decreasing with increase in 

likelihood of extreme events that may cause localized flooding. Decrease in spring season 

precipitation is also indicative of dry conditions that may facilitate the occurrence of 

heatwave conditions in dry years. Monsoon quantitative precipitation is expected to increase, 

especially in the late monsoon season, which increase the risk of flooding as soil is already 

saturated in late monsoon season and it may cause runoff instead of percolation. Such 

conditions reduce the amount of effective rainfall available to soil for agriculture.  

The AZC of Balochistan is comprised of a dry arid region with speedily growing 

population. Daytime temperatures are likely to increase with increase in probability of 
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heatwaves in spring and autumn season in future warmer period . Moreover, probability of 

warm, uneasy, stressful nights is expected to increase with a decrease in probability of cold 

nights. Frequency of wet days is expected to decrease. Winter and spring rainfall over high 

elevated mountainous areas is expected to decrease and summer monsoon in low-lying areas 

in east of Balochistan is expected to increase with an increase in high intensity events in 

warm future period, that can increase the frequency of hill torrents. Whereas, decrease in 

winter precipitation may affect the food security of the region that would affect other areas of 

Pakistan as well.  

In ACZ of mixed Punjab, spring is the warmest season of the year and probability of 

heatwaves is very high in late spring and summer period, especially in case of dryness. 

Annual frequency of warm and hot days, along with warm uneasy nights, is expected to 

increase with decrease in that of wet days. However, the intensity of individual rainfall 

events is expected to increase in future warmer period , especially in summer and autumn 

season. Late winter and spring season cumulative precipitation is likely to decrease in 

magnitude, and monsoon is likely to be weaken in early season, while being strong and 

intense in late season that may increase the risk of flooding. On the other hand, increase in 

autumn season rainfall may have a positive effect on fall (Rabi) crops as soil would be 

moister (in case there is no flood).  

ACZ of Gilgit-Baltistan is comprised of mountains, valleys and plateaus, it is host to some 

of world tallest mountains and largest glaciers, as well. The winters over here are extremely 

cold, whereas, summers are mildly warm. Low-lying valleys are vulnerable to heatwave in 

ςЈὅ warm future period since both day and nighttime temperatures are expected to increase. 

Though, very high temperature events are not fully presented in areal averages of 

temperature on regional scale, nevertheless, frequency of cold nights is decreasing and 

region is expected to be warmer in future warmer period . Although, winter and early spring 

will remain below freezing even if the temperature increases. Change in precipitation in 

future warmer period  is positive throughout the year. Though, distribution of precipitation 
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events indicates an increase in changes of convective and short-lived micro and meso-scale 

precipitation. An increase in precipitation across the year may turn t he mass balance of the 

glaciers in the region, positive, especially when summer monsoon will approach to high 

elevation36 and high elevated location are perennially below πЈὅ and precipitation 

accumulates in the form of snow.  

The ACZ of Azad Jammu Kashmir is comprised of mountainous topography. An analysis 

of future ςЈὅ warm period indicates that averagely temperature is expected to increase in 

future warm years, with higher increase in summers. Annual frequency of warm days are 

expected to increase in warm future period. Although, very hot days and very warm nights 

are not traced in future warm scenarios. Another indicator of future warming in AJK is 

decrease in cold nights. In future warmer period , a decrease in winter and spring 

precipitation, along with  an increase in summer and autumn precipitation is expected, 

although, the intensity of individual events is expected to increase in all seasons. Decrease in 

winter and spring cumulative precipitation has got a negative effect on annual frequency of 

wet days as it is expected to decrease in future warmer period . Moderate to heavy rainfall 

events are expected to increase. Precipitation in late monsoon season is expected to increase 

till autumn. Such conditions are more likely to generate flooding in late monsoon and early 

autumn season. That is the time when snow and glaciated ice is also melting and torrential 

rainfall on top of ice melting may cause flood in downstream areas and it may also damage 

the hydropower generation plants and affect the water reservoirs such as Mangla Dam on 

River Jhelum. 

CHAPTER 6: FUTURE CLIMATE EXTREMES UNDER 

Ј╒ SCENARIO IN MAJOR URBAN CITIES Of 

PAKISTAN  

Introduction  
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The term óheat islandô describes a built -up area that is hotter than nearby rural areas. The 

annual mean temperature of a city with 1 million people or more can be ρ σЈὅ warmer then 

its surrounding .  

Extreme heat events due to the stagnation of warm air masses, coupled with warm nights 

and lack of precipitation for a prolonged period of time , can significantly affect public health, 

especially in the urban location where paved areas decrease the albedo and increase the 

amount of sensible heat as lack of vegetation reduces evapotranspiration . The urban 

infrastructure is also very vulnerable to the flooding  as streams in the urban areas of 

Pakistan are usually encroached that leaves only a narrow channel for the flow of the water 

(urban swage in most of the cases), moreover, lack of open fields halts percolation , that 

compounds the problem and increases the vulnerability of the urban community toward 

flooding. Recently, another factor is the rapid  expansion of the elite housing societies in the 

suburbs, and many of them are in the flood plains that also increases the vulnerability of the 

residents.  

Despite the high mortality  associated with extreme meteorological events, there is a lack 

of public recognition of the hazard of extreme events. We are covering public recognition of 

extreme climatic events in Chapter 8. Metropolitans in Pakistan generally lack preparedness 

measures such as heatwave response plans. Heat waves are silent killers type disasters that 

do not leave a trail of destruction in their wake.  Unlike other disasters such as earthquake, 

flood, and storms that leave lasting reminders of the devastation, memories of the high 

temperature disappear once cooler weather arrives37. Similarly, unlike heat waves, other 

disasters have a potential  to affect all the fractions of the society, whereas, heatwaves affect 

the elderly, sick and the poor fraction of the society, more than others.  

In ςЈὅ warmer Pakistan, the impact of greenhouses gases induced warming will be worse 

for the urban centers then the other locations. Since the urban centers are equipped with 

better education, health, employment and business opportunities, therefore, their population 
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is increasing due to migration. Moreover, the annual birth rate is high in Pakistan, however 

in the urban setting it is even higher as a lot of mortalities can be avoided due to the 

availability of health facilities.   

Urban centers can affect its population by an increase in carbon dioxide emission from 

automobile and industry, an increase in peak electricity demand, air conditioning cost , air 

pollution , and greenhouse gas emissions. The urban micro -climate has long been recognized 

as the most vulnerable location to climate change and future extreme events 38. Prolonged 

exposure to high temperatures can cause heat-related illness, such as heat cramps, heat 

syncope, heat exhaustion, heat stroke, and death39. Heat exhaustion is the most common 

heat-related illness. Signs and symptoms include intense thirst, heavy sweating, weakness, 

paleness, discomfort, anxiety, dizziness, fatigue, fainting, nausea or vomiting, and headache. 

Core body temperature can be normal, below normal, or slightly elevated, and the skin can 

be cool and moist. If unrecognized and untreated, these mild to moderate signs and 

symptoms may progress to heat stroke40. Heat stroke is a severe illness. Clinically it is 

defined as core body temperature  τπȢφЈὅ, accompanied by hot, dry skin and central 

nervous system abnormalities, such as delirium, convulsions, or coma. Those at particularly 

high risk of adverse health effects from extreme heat exposure include the elderly, those 

living alone, and people without access to air conditioning . Additionally, people with chronic 

mental disorders or with ongoing medical conditions such as, cardiovascular disease, 

obesity, neurologic or psychiatric disease and those receiving medications that interfere with 

salt and water balance (e.g., diuretics, anticholergic agents, and tranquilizers that impair 

sweating), are at greater risk for heat-related illness and death. In addition , these strenuous 

outdoor physical activates (manual labor that is one of the most common employment in 

Pakistan) in hot weather also are risk behavior associated with heat-related illness37. 

Provincial and state capital of Pakistan holds more potential in terms of livelihood, 

educational, health, and recreational facilities. The megalopolis of Karachi, Lahore, twin 

cities of Islamabad and Rawalpindi, and Peshawar are expanding exponentially. Previously 
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sub-urban areas are rapidly integrated into urban areas. Pavement is replacing natural 

landscaping. Such urban environments are highly vulnerable to climatic extremes such as 

heatwaves and torrential precipitation. Therefore, these urban centers demand evaluation of 

occurrence of extreme events in changing climate, especially under ςЈὅ warming scenarios.  

 

Data and Methodology  

The data utilized and the methodology employed is already discussed in Chapter 3 and 

Chapter 4.  

Results  

The provincial capitals of Pakistan namely Karachi (capital of Sindh), Lahore (Punjab), 

Quetta (Balochistan) and Peshawar (Khyber-Pakhtunkhwa) along with federal capital i.e., 

Islamabad are the megalopolis cities. These cities hold more potential and opportunities in 

terms of livelihood, education, health , and recreational facilities. Therefore, public migration 

influx is higher  in these cities. Consequently, the urban build area is continuously expanding 

enormously.  

The changes in the meteorological extreme of these mega-cities are discussed over here: 

Karachi  

Karachi is the capital of the province of Sindh, that is located on the coastline along with 

the Arabian Sea (see Figure 16, ó╪ô). It is the most populous city of Pakistan. According to the 

1998 census report, the population living in West, South, East and central district along with 

Malir and Korangi was ωȢψ million, that is now increased to ρφȢπ million in year 2017 27, with a 

mean annual growth rate of  σȢσςϷ that is the higher than the average growth rate of 

Pakistan ( ςͯȢψϷ). It is 6a th most populous city in the world. With d iversified population, it is 

the most cosmopolitan city of Pakistan. 
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The winters in Karachi are mildly cold, while summers are hot and humid. Sea breeze 

circulation cools down the temperature of the city  all around the year and especially in 

summerôs season that is dominated with monsoon rainfall, as well. Autumns are moderately 

hot if wet, otherwise, heatwaves are expected in the dry autumn season, as well. The winter 

season is mainly dry.  Land-sea breeze circulation keeps the temperature of the Karachi 

moderate all around the year. Due to high-pressure circulation on the city that halts sea 

breeze, or a low-pressure circulation situated over Indian province of Gujrat , that advects 

inland  continental  warm air to Karachi , the temperature soars above τπЈὅ for several days 

and can create a severe heatwave type conditions. A severe heatwave with temperature as 

high as τωЈὅ struck Karachi in June 2015 and over 2000 people died because of dehydration 

and heat stroke. In addition to human life losses,  domesticated and zoo animals and 

livestock also died  (https://en.wikipedia.org/wiki/2015_Pakistan_heat_wave ).  Again in 

2017 and 2018 heat wave with exceptional high temperature in spring and autumn season 

cause elderly and ailing fraction of society to suffer for several days.  

Maximum temperature (Ὕ), minimum temperature  (Ὕ) and Precipitation (ὖ) from 

GCM ensemble in baseline period (1971-2000) along with in-situ  observations 

(Meteorological Observatory, PMD) are compared with RCP 4.5 (ςπςχςπφω) and RCP 8.5 

(ςπςχςπτυ) from future ςЈὅ warm period. A 365-day annual cycle of change in maximum 

(Ὕ) and minimum ( Ὕ ) temperatures are presented (see Figure 16, ó╫ô). GCM ensemble in 

the baseline period is underestimating Ὕ in late autumn, winter and spring as compared to 

in-situ observations of the same period, whereas, it is overestimating it in summer and early 

autumn. On the other hand, the GCM ensemble is underestimating Ὕ in the baseline period 

througho ut the year except for the autumn season. Interestingly, in -situ observations are 

comparable to the future warmer period  CGM ensemble in magnitude, as well. It indicates 

the limitation of the GCM on small spatial scales. Nevertheless, the GCM ensemble is ful ly 

imitating the 365 -day temperature and precipitation cycle , effectively (see Figure 16, ó╫ô & 

ó▀ô).  Around ρȢψЈὅ and ρȢυЈὅ increase in the annual maximum and minimum temperatures 

https://en.wikipedia.org/wiki/2015_Pakistan_heat_wave
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of Karachi in the future warmer period , respectively. That is less than the mean increase of 

ςЈὅ, mainly due to the coastline location of the city. Because of the same reason the 

temperature of the city is moderate throughout the year, however, due to disruption of Sea-

breeze, it get warmer and heat-waves are likely to prevail. Such heatwaves are a disaster for 

the population living in a congested urban envir onment.  March to July , and September- 

October are the warmer periods of the year when the likelihood of the heatwaves increases 

especially when the season is dry (see Figure 16, ó▄ô).   April ïOctober is the period of warm 

nights, where the likelihood of extreme warm night s increases with an increase in humidity 

(see Figure 16, ó█ô).   

A 365-day annual cycle of precipitation is also effectively imitated by GCM ensemble in 

both baseline period and future warmer period  (see Figure 16, ó╬ô).  Little rain is received in 

Karachi,  except for summer monsoon. Few episodes of deep penetration of western 

disturbances troughs in winters and early springs delivers a little rain . The future warmer 

period GCM ensemble indicates a little decrease in winter and spring seasonôs cumulative 

monthly precipitation , along with  an increase in the likelihood of extreme precipitation 

events in summer and autumn seasons, though monthly cumulative precipitation amount is 

not much changed  (see Figure 16, ó▀ô).  Single mass curve analyses for the mean inter-annual 

cumulative precipitation from the baseline and the future warmer period  indicates li ttle 

decrease in precipitation in the winter, spring , and autumn seasons. Early monsoon 

precipitation is relatively unchanged, howe ver, the late monsoon season precipitation is 

likely to increase in the future warmer period  (see Figure 16, ó▀1ô). Moreover, the annual 

cumulative precipitation is likely to increase from ρͯππάάȾώὩὥὶ to ρͯρπάάȾώὩὥὶ in the 

future warmer period s. The annual frequency of the wet days is expected to increase in the 

future warmer period  and the frequency of intense events are also expected to increase (see 

Figure 16, ó◌ô, ó●ô and ó◐ô) and complementing the annual frequency of the dry days is 

expected to decrease (see Figure 16, ó◑1ô). 
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Threshold-based analysis of Ὕ indicates that in the future warmer environment , days 

below ςυЈὅ will cease to exist (see Figure 16, ógô). In addition to this, the frequency of days 

with Ὕ σπЈὅ will  increased by 30, whereas, that of συЈὅ is expected increase by more than 

50 days (see Figure 16, ó▐ô, ó░ô).  

Another  group of indices that reflects a change in climate is an increase in magnitude of 

maximum and minimum temperature and their distributi ons (see Table 4).  Maximum of 

maximum temperature (Ὕ ) magnitude is expected to increase from an average of σφȢωЈὅ in 

the baseline period to σψȢυЈὅ in the future warming period  (see Figure 16, ó▓ô). Even higher 

increase is expected in the minimu m of maximum temperature (Ὕ ) i.e., ςσȢωЈὅ to ςυȢψЈὅ 

(see Figure 16, ólô). Similarly, the maximum of minimum  temperature (Ὕ ) is expected to 

increase from ςχȢυЈὅ to ςψȢωЈὅ (see Figure 16, ó□ô), and the minimum of minimu m 

temperature (Ὕ ) is expecteddd to increase by almost ͯ ςЈὅ i.e., ωȢυЈὅ to ρρȢυЈὅ (see Figure 

16, ó▪ô). 

Percentage of days above or below a specific percentile of the baseline period is also very 

instrumental to identify the change in the distribution  of a meteorological variable in the 

wake of climate change (see Table 4).  Percentage of days for Ὕ ωπὖ (see Figure 16, ó▫ô), 

Ὕ ρπὖ (see Figure 16, ó▬ô), Ὕ ωπὖ (see Figure 16, ó▲ô), and Ὕ ωπὖ (see Figure 16, 

ó►ô) in the baseline and the future warmer period  are computed while using the baseline 

period percentiles. This analysis indicate that in the future warm er climate 100% days are 

warmer then the corresponding Julian days in the baseline period. Similarly , percentage of 

colder days than the 10th percentile of the corresponding Julian day are expected to be zero.  

Another index is warm spell duration indicator (WSDI, see Figure 16, ó▼ô) indicates the 

longevity of warms days (╣╧ ◄▐) for 5 consecutive days. Since percentile are based on 

baseline period data, therefore, the future warmer period is entirely above the 90th percentile 

of the baseline period. Frequency of very warm nights are expected to increase from 110 to 

more than 150 ( Ὕ  ςυЈὅ, see Figure 16, ó◄ô) also increases from 110 to more then 150,) that 
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may increase the number of air conditioning units required to maintain in -door temperature 

for relief from very hot nights and demand of electricity to keep air conditioning functional 

for a city with multimillion inhabitants. On the other hand, the annual frequency of cold 

nights (Ὕ  ρπЈὅȟ see Figure 16, ó◊ô) is decreasing and very cold nights cease to exist in the 

future warmer period, in the megalopolis of Karachi, as suggested by Figure 16, ó○ô. 

Summarizing the changes, in the extreme events distribution of megalopolis of the 

coastal city of Karachi, it is a densely populated city with moderate temperature as long as 

sea breeze from the Arabian Sea keeps on circulating. If it ceases the city of Karachi turn very 

much vulnerable to very high temperatures for numerous days that may badly affect elderly, 

infants and people engaged in outdoor activities. Atmospheric pressure patterns over 

Karachi regulates the longevity and the intensity of the heatwaves. Comparison of in-situ 

meteorological observations with the historical GCM ensemble of the same period indicates a 

discrepancy that is a well-known limitation  of the GCM for small spatial scales, mainly 

because of the land use and topographic effects. Nevertheless, the GCM ensemble is 

imitating a 365-day annual cycle, effectively. The mean annual increase in the temperature of 

Karachi in the future warmer period  is less thanςЈὅ. Probability of the heatwaves are high in 

the dry period of spring and autumn season that is likely to increase in the future warm er 

years. Since, moderately warm days are substituted by hot days and the span of very hot days 

is expected to increase by almost a month. The magnitude of extreme events in both 

maximum and minimum temperature , along with exposure to high temperature, is 

increasing, that may pose a serious risk to the urban population living in a congested 

concrete structures. Apart from an increase in prevailing temperature, rainfall is likely to 

decrease in future warmer period  in winter and spring seasons, in addition to that , though 

quantity of the summer monsoon precipit ation is not much changed in the future warmer 

period but there an increase in the intensity that  is indicative of irregular and intense 

showers that may decrease the effectiveness of the rainfall for agriculture. In addition to that, 

late monsoon season precipitation and intensity is likely to increase indicating a seasonal 
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shift in monsoon toward the end of the season. Though, rainfall in the future warmer period , 

especially, in monsoon is expected to be intense, however, it is coupled with an increase in 

the annual frequency of wet days. 

Lahore  

Lahore is provincial capital of Pakistanôs Punjab (see Figure 17, ó╪ô). The city of Lahore is 

full of opportunities for every person and it is rapidly  growing in term s of size and 

population.  According to Statistical Bureau of Pakistan27, its population was recorded as φȢσ 

million in the year ρωωψ that is increased to ρρȢρ million in the year ςπρχ, with an annual 

growth rate of almost σȢχ Ϸ ,that is higher than mean population growth rate of Pakistan.  

There are not many discrepancies among in-situ observed temperature and historical 

GCM ensemble of the same period (see Figure 17, ó╫ô), that made GCM ensemble more 

credulous in the both historical and future period. Winters are mildly cold in Lahore  with 

little  rainfall from western disturbances , whereas, spring season is dry and is marked with 

soaring temperatures with frequent  occurrence of heatwaves, especially in dry years. 

Summer season is marked with monsoon precipitation that is sometimes more than 450 mm 

in a season alongwith a decrease in  daytime temperature. Autumn  receives a little monsoon 

rainfall in the early season and late autumn is mainly dry, although, temperature keep on 

decreasing till  winter  (see Figure 17, ó╫ô & ó╬ô). Annualy city of Lahore receives υππάά 

precipitation that is expected to increase a bit in the futur e warmer climate.  

Maximum temperature (Ὕ) in expected to increase by ςȢρЈὅ  in future ςЈὅ  warmer 

period, whereas, minimum temperature (Ὕ) is expected to increase byςЈὅ. More increase in 

Ὕ than Ὕ is indicative of absorption of solar radiation by concrete and paved structures that 

is a peculiarity  of the urban environments. Averagely, future ςЈὅ warm period is almost 1.5 to 

ς Јὅ warmer than baseline period for Lahore.  

The temperature distribution  of Lahore city is market with  higher and lower temperature 

extremes in different months. High -temperature extremes indicate future warm and dry 



73 
 

   

Pakistan Meteorological Department   
 

climate and low-temperature extremes are indicative of future cool and wet climate. They are 

coexisting in some months (June, see Figure 17, ó▄ô) that indicates the inter -annual cyclic 

variability between wet and dry years 

May, June, and July are exceptionally hot months in Lahore (see Figure 17, ó▄ô), in 

addition to that , nights in months of June, July and August are very warm (see Figure 17, 

ó█ô), therefore, the months of June and July are very uncomfortable for the people living in 

urban settings, especially if there is no rainfall for long periods. In future warmer period s, 

the winter season is marked with the occurrence of extremely high temperature as compared 

to the distribution o f the baseline period, however, such extreme events in winters are not 

threatening  for life. On  the other hand, in the future warmer period , months of March to July 

are highly susceptible to extreme events and heatwaves. This will increase the demand of 

electricity for air conditioning. Districts governments need to take precautionary measures in 

this regard. Such precautionary actions may include cold shelters for the public where people 

without air -conditioning may take refuge. Moreover, it is time to reconsider the provision of 

electricity to big megalopolis like Lahore in the light of information on its demand growth.  

Analysis of exceedance of temperature over different threshold  indicates that annual 

frequency of warm days is expected to increase from ͯ ςφψ in the baseline period to ςͯως 

days in the future warmer period  (see Figure 17, ó▌ô). Moreover, the annual frequency of hot 

days is expected to increase from ͯ ςρψ t0 ςͯσψ averagely (see Figure 17, ó▐).  That of very 

hot days is expected to increase from ͯ ρρψ days averagely to ͯ ρψσ days in the future warmer 

period (see Figure 17, ó░), these two indices indicates the longievity of hot days that were 

confined to the τ months in the baseline scenarios may expand to almost φ months in the 

future warmer period . In additi on to that, the annual frequency of days with occurrence of 

extreme hot temperature were not more than a month that are expected to stretch to more 

than two long months (see Figure 17, ó▒). This is the most int imidating aspect of the climate 

change in the urban areas that are expanding exponentially. Such future climate change 

projections warrants reconsideration on distr ibution of resources to other locations so that 
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rapid migration can be countered with equally good opportunities at door steps of the 

people, everywhere.  

Change in the magnitude of extreme temperature is also very daunting as Ὕ  is expected 

to increase from an inter -annual average of τρȢςЈὅ to τσȢφЈὅ with frequent occurrence of 

events above τυЈὅ temperature (see Figure 17, ó▓ô).   Similarly, z lower l imit of maximum 

temperature Ὕ  is also expected to increase from ͯ ρψȢωЈὅ to ςͯπȢψЈὅ that indicates an 

increase in daytime temperature of winter in the future warmer peri od with respect to 

baseline period (see Figure 17, ó■ô). In the same manner the maximum of minimum 

temperature (Ὕ , see Figure 17, ó□ô) is expected to increase from inter annual average of 

ςψȢπЈὅ in baseline period to σπȢςЈὅ in a future warmer perio d, and that of (Ὕ , see Figure 17, 

ó▪ô) is expected to increase from τȢχЈὅ to φȢυЈὅ. 

Analysis of percentage of days above 90th percentile and below 10th percentile of 

temperature on a particular  Julian day across the baseline period indicates that future 

temperature of each Julian day is expected to be warmer than corresponding Julian day in 

the baseline period (see Figure 17, ó▫ô, ó▬ô, ó▲ô & ó▼ô). Moreover, the warm season duration 

index (WSDI) is expected to cover almost whole year (see Figure 17, ó▼ô). As already 

mentioned earlier , that duration of warm nights is expected to expand in  the futur e warmer 

period as compared to the baseline period, same is corroborated by analysis of annual 

frequency of minimum temperature (Ὕ  ςυЈὅ, see Figure 17, ó◄ô) where an average 

duration  of warm nights is increased from 105 in the baseline period to almost 138 in the 

future warm projections. On the other hand, the annual frequency of the minimum 

temperature below a specific threshold is decreasing ( Ὕ  ρπЈὅ Ǫ Ὕ  υЈὅ, see Figure 17, 

ó◊ô, ó○ô), as well. 

Annual cumulative precipitation (~500 mm/year) is expected to increase a bit in the 

future  warmer period  (see Figure 17, ó▀ô). Comparison of monthly cumulative precipitation 

on a seasonal basis from baseline and future warm scenario reveals a little decrease in winter 
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and spring precipitation, almost unchan ged in summer with an increase in the intensity of 

individual event s, and little increase in monthly cumulative precipitation with an increase in 

its intensity (see Figure 17, ó▀ô).  Such a situation is indicative of an increase in the risk of 

urban flooding, when monsoon season rainfall are concentrating on the end of the rainy  

season with intense events.  

Lahore being a big urban center is highly vulnerable to climate change. Per head water 

availability is decreasing with an increase in population. The warm season is stretching with 

an increase in the number  of warms days by 24 days, hot days are increased by 30 days and 

very hot days are increased by almost to two months in the future  warmer period  from less 

than a month in the baseline period. Months of June and July are expected to be very warm 

and uncomfortable in future warm days. Extreme events such as highest and lowest 

maximum and minimum temp eratures will be readjusted at a higher magnitude. The annual 

cumulative precipitation is expected to increase in the future warm climate with a decrease 

in winter and spring season and an increase in late monsoon season with a higher intensity 

that may cause urban flooding, as well. On the average, number of rainy days are expected to 

decrease in Lahore city in future warmer period s.  

Islamabad  

Islamabad is the capital of Pakistan (see Figure 18, ó╪ô). It is a planned city that was built  

in 1the 960s to replace Karachi as Pakistanôs capital. It is surrounded by Margallah hills that 

has got a positive impact on the climate of the city. Its neighboring  city, Rawalpindi is  a 

congested urban location . Population increase rate of Islamabad is amongst the highest of 

Pakistani cities. Its population was recorded as ͯ πȢψ million in 1998 that has been increased 

to ςȢπ million 27 in ςπρχ with a mean annual growth rate of χͯȢτϷ. 

Islamabad has mildly cold winter with the hot spring season. Summer is dominated by 

monsoon rainfall and moderate temperatures. Summer temperature is higher in dry years. 

Early autumn is like summer as it receives rainfall , as well, late autumn is dry and mildly 

cold (see Figure 18, ó╫ô). The annual mean temperature of the future warmer period  is 
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expected to be averagely ςȢρЈὅ warmer than that of  the baseline in-situ observations in terms 

of maximum temperature (Ὕ) and ςȢφЈὅ in terms of minimum temperature ( Ὕ).  

Monthly distribution of Ὕ in the baseline period and the future warmer period  indicates 

that spring and summer seasons are highly susceptible to an increase in temperature (see 

Figure 18, ó▄ô). April is the month with highest increase in temperature with the largest 

variability that indicates that wet years are expected to be cool, whereas dry years are 

expected to be very hot. Months of May, June and July are expected to be hotter in the future 

warmer period  and likelihood of extreme high temperature also increases in these months. 

Same analysis of Ὕ indicates that very warm nights are expected to stretch from May to 

September (5-months) whereas in baseline period it was confined to June, July and August 

(3-months), along with extremely hot nights in the month of July and August (see Figure 18, 

ó█ô).  Duration of warm season (Ὕ ςυЈὅ, see  Figure 18, ó▌ô) is expected to increase from 

238 days annually to 266 days (an increase of almost a month) though its variability is high 

that indicates dry years will be exceptionally warm and wet years will be moderately warm. 

Similarly, annual frequency of very hot days is expected to increase from 185 to 209 days 

(~24 days,  Ὕ σπЈὅ, see Figure 18, ó▐ô) and that of very hot and extremely hot days is 

expected to increase from 70 to 145 (more than two months) and virtually 0 to 23, 

respectively (see Figure 18, ó░ô & ójô). This analysis indicates that the city of Islamabad is 

extremely vulnerable to climate change with the likelihood of an increase in temperature, the 

longevity of warm, hot and very hot days, along with the possibility of prevalence more than 

20 extremely hot days (though the last metric has a higher variability).  

Magnitude of maximum and minimum of maximum and minimum temperature 

(Ὕ  ȟὝ ȟὝ ȟὝ ) is also expected to increase (see Figure 18, ó▓ô, ó■ô, ó□ô, & ó▪ô). Ὕ  is 

expected to increase from σωȢψЈὅ to τρȢψЈὅ . Ὕ  is expected to increase from ρφȢχЈὅ to 

ρψȢχЈὅ. Ὕ  is likely to increase from ςυȢωЈὅ to ςχȢωЈὅ, and expected increase in  Ὕ  is almost 
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ςȢρЈὅ, i.e., from ςȢφЈὅ to τȢχЈὅ. Therefore, all measures of estimation of temperature 

extremes are expected to increase in future warmer period  from baseline period.  

Other indices, such as ϷὨὥώί Ὕ  ωπὴ see Figure 18, ó▫ô, ϷὨὥώί Ὕ ρπὴ Figure 18, ó▬ô, 

ϷὨὥώί Ὕ  ωπὖ Figure 18, óἹô, and  ϷὨὥώί Ὕ ρπὴ,   Figure 18, ó►ô ) indicates that the 

future temperature distribution is expected to be warmer then 90 th percentile of the baseline 

period throughput the year on average and cold extremes will shifted to the higher 

temperatures. Similarly warm spell duration index (WSDI) is also likely to expand 

throughout the year (see Figure 18, ó▼ô) coupled with an increase in the annual frequency of 

warm nights f rom averagely 18 nights to around three months (see Figure 18, ó◄ô).  

An increase in overall temperature of urban city of Islama bad in future warmer period  is 

also supported from the analysis of the annual frequency of cold events (see Figure 18, ó◊ô & 

ó○ô), that indicates a decrease in future cold events below a certain t hreshold.  

Among all urban cities of Pakistan, the city of Islamabad receives the highest annual 

cumulative precipitation (i.e.,  ρπππάάȾώὩὥὶ, see Figure 18, ó╬ô, ó▀ô & ó▀ô). Islamabad 

receives precipit ation in winter from  the intercepti on of western disturbances by lesser 

Himalayan mountain ranges. In summer, monsoon moisture from both Ar abian Sea and Bay 

of Bengal converges over here. Though it receives tail of monsoon moisture originating from 

the Bay of Bengal but it sometimes synergizes with the  moisture from the Arabian Sea or 

compensates it. Monthly cumulative precipitation in winter  season is expected to be 

unchanged with a little decease in the intensity of extreme events.  In spring it is expected to 

decrease, that indicates the likelihood of extreme high temperature and prevalence of 

heatwaves in Islamabad. Summer monsoon is expected to be stronger in the future warmer 

climate in term s of quantity  and intensity that  indicates more chances of flooding in the 

urban areas, and flooding episodes like one in Rawalpindi (2001) may be repeated. Autumn 

season precipitation is also expected to increase in quantity and intensity as well. Single 

mass curve analysis of mean annual accumulative precipitation indicates that March to June 
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months of the years are expected to be dryer in future and late season monsoon in autumn is 

expected to be stronger. Such events are more likely to be micro-scale and short lived but 

intense that can cause inundation in the urban paved environment .  

Frequency of the annual wet days is likely to decrease in the future  warmer period  as 

compared to the baseline period (see Figure 18, ó◌ô, and ó◑ô).  Increase in the intensity of the 

individual events is  supported by the analysis of the change in the annual frequency of the 

individual precipitation events above a certain th reshold (see Figure 18, ó●ô & ó◐ô). In the 

future warmer period , intense precipitation events are likely to  be increased and their 

distribution is positively skewed , that indicates an increase in the likelihood of such events.  

Being capital of Pakistan the city of Islamabad is highly vulnerable to climate change as 

this issue is compounded by an increase in population. The annual population growth rate in 

Islamabad is higher than the countryôs average. Increase in population decreases per head 

availability of water resources and within the next few years, this is likely to happen in all big 

cities of Pakistan. Existing water storage capacity of Islamabad will not be enough to serve a 

larger population  in near future . Groundwater  abstraction is already exhausting this precious 

resource in Islamabad and its neighboring  areas, and a further stress on groundwater will 

definitely affect the quality  and quantity of the groundwater  in the city of Islamabad.  

Islamabad receives the highest precipitation among all the megalopolis of Pakistan. 

Duration of warm season is expected to stretch with the expansion of extremely hot duration 

from few days to almost a month in the future  warmer period . Extremes of temperature will 

adjust to high temperatures, therefore, temperature extremes will set new records in the 

warm future period. Since Islamabad receives monsoon from both Bay of Bengal and the 

Arabian Sea, therefore, monsoon precipitation is expected to increase but in  late monsoon 

season only. Moreover, a decrease in frequency of wet days and an increase in the intensity  

of late monsoon events is indicative of microscale, short-lived, intense convective 

precipitation events that may cause urban flooding.  
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The city  administration of Islamabad requires to build water storages for Islamabad. This 

can be attainted trough uprising of the existing dam, the buil ding of new reservoirs and 

replenishment of groundwater. Groundwater  can be replenished by adopting building codes 

that facilities  infiltration on every possible location.   

Peshawar  

Peshawar is the capital city of Khyber Pakhtunkhwa and located in the northwest  of 

Pakistan (see Figure 19, ó╪ô). Similar to the other megalopolis of Pakistan its population is 

also increasing rapidly. According to the 1998 census report ,  the population of the Peshawar 

city was ςȢπ million  that has been increased to ͯ τȢς million 27 with a mean annual growth 

rate of υȢυϷ. 

The mean annual maximum temperature (Ὕ) of the Peshawar urban areas is expected 

increase by ςȢσЈὅ in the fut ure warmer period  as compared to the baseline period. With the 

highest increase in spring season and lowest in summer. On the other hand, the mean annual 

increase in minimum temperature ( Ὕ) is expected to be ςȢρφЈὅ that is less then (Ὕ). 

Increase in (Ὕ) is highest in winters and autumn and lowest in spring and summer (see 

Figure 19, ó╫ô).  

Early spring season is marked with the occurrence of extremely high temperature and it 

continues till summer. Ὕ  above τπЈὅ frequently occurs in the months of May, June and July 

and in future warmer period  an increase in likelihood of the occurrence of such extremes 

events is suggested by GCMs (see Figure 19, ó▄ô).  In the baseline period,  Ὕ seldom shoots 

above τπЈὅ in the months of August and September, however, GCM ensemble suggests the 

frequent occurrence of Ὕ τπЈὅ in the future war mer period , in the same period.  

As already mentioned that highest increase in Ὕ is expected in late winter, early spring 

and autumn seasons, nevertheless, such increase do not fall in the ambit of warm 

uncomfortable nights. However, Ὕ distribution in  the summer season in future war mer 

period indicates frequent occurrences of uncomfortable nights (see Figure 19, ó█ô). The 
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annual frequency of warm days (Ὕ ςυЈὅ, see Figure 19, ó▌ô) is expected to increase by a 

month in the future warmer period as compared to the baseline scenario. Similarly, the 

annual fr equency of very warm days (Ὕ σπЈὅ, see Figure 19, ó▐ô), is also expected to 

increase by a month i.e., 188 to 213. Hot and very hot seasons are expected to be stretched 

more in future warmer period s i.e., the frequency of hot days  (Ὕ συЈὅ, see Figure 19, ó░ô), 

is expected to increase from 128 to 158 and that of versy hot days (Ὕ τπЈὅ, see Figure 19, 

ó▒ô) is expected to increase from 15 to 50.  

Change in the magnitude of extreme temperatures is also expected to be in a positive 

direction in the future  warmer period  as compared to the baseline period. Ὕ  is expected to 

increase from τρȢςЈὅ to τσȢχЈὅ averagely with a higher variability, Ὕ  is expected to increase 

from ρχȢςЈὅ to ρωȢυЈὅ, similarly  average occurance of  Ὕ  is expected to increase from an 

average of ςχȢφЈὅ to ςωȢψЈὅ  with higher variability and Ὕ  is expected to increase from σЈὅ 

to υȢσЈὅ, see Figure 19, ó▓ȟ■ȟ□ᴂ Ǫ ᴂ▪ᴂ.  

The distribution  of temperature in future warmer period  indicates that it is expected to 

be warmer than the 90 th percentile in baseline temperature distribution, whereas, there are 

virtually no events below the 10th percentile of the baseline period in the future warmer 

period (see Figure 19, ó▫ô, ó▬ô, ó▲ô and órô) . Additionally, it is already stated that warm season is 

expected to stretch and WDSI  (see Figure 19, ó▼ô) is also stretched to the almost whole year, 

along with an increase in the frequency of warm nights ( Ὕ ςυЈὅ, see Figure 19, ó◄ô) from 

~75 (baseline period) to ~ 112 (future warmer period ). On the other hand, the frequency of 

cold nights period (Ὕ ρπЈὅ) is expected to decrease from 112 in the baseline period to ~88 

in the future warm er period (see Figure 19, ó◊ô), similarly frequency of very cold nights (Ὕ

υЈὅ) are also expected to decrease from ͯσψ to virtually none (see Figure 19, ó○ô).  

Future 365-days precipitation pattern of Peshawar is very much similar to that of 

observations and historical GCM in the baseline period (see Figure 19, ó╬ô). City of Peshawar 

receives a handful amount of rainfall in both winter and summer monsoon season. The early 
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summer and autumn are the driest period, nevertheless, Peshawar receives rain in these 

seasons from western disturbances, as well. Future winter season monthly cumulative 

precipitation is not much changed from the baseline period (see Figure 19, ó▀ô). Spring 

season is expected to be drier with an increase in the intensity of individual events.  On the 

other hand, cumulative monthly precipitation of summer and autumn season is expected to 

be greater and more intense. It suggests an increase in the frequency of short-lived micro 

scale precipitation events and an increase in the li kelihood of such events may cause flooding 

in the urban built environment. Single mass curve analysis of mean inter-annual 365-days 

cumulative precipitation both from baseline and future warmer period  indicates a decrease 

in precipitation in spring and early monsoon, whereas in late monsoon precipitation is 

expected to increase (see Figure 19, ó▀ô). It shows a little decrease in early monsoon is 

compensated by an increase in late season though their effect will not be the same on the 

urban built environments. Torrential rain in late monsoon season increases the likelihood of 

flooding as soils are already saturated from early season rainfall and hence more runoff is 

likely to happen. Increase in probability of future intense  rainfall events is also corroborated 

by a decrease in annual frequency of wet days (see Figure 19, ó◌ô), complemented by an 

increase in the annual frequency of dry days (see Figure 19, ó◑ô). With a decrease in the 

annual frequency of wet days and an increase in annual rainfall the likelihood of occurrences 

of extreme events increases (ὖ υάά and ὖ ρπάά,  see Figure 19, ó●ô and ó◐ô). 

Concluding the discussion on climate change in the urban city of Peshawar under ςЈὅ 

warming scenario, it is identified that warm period is stretched and duration of the very hot 

period is also expected to increase in future under a warming scenario. Likelihood of extreme 

events in early spring to summer season is expected to increase, togather with an increase in 

magnitude of extreme temperature and precipitation events.  Spring season is expected to be 

drier and hot. Monsoon is expected to deliver more rainfall toward the end of the season and 

may cause flooding in the urban setting, since soil is already wet and urban paved 

environment favors flood and inundation . Future warmer period  are dominated by two 
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combinations, i) hot and dry, and ii) wet and cool. Spring season is expected to be more dry 

and exceptionally hot that will increase t he demand for electricity. Since it is a dry season as 

well, therefore, it will cause disaster for the residents of the Peshawar City. Where, the 

heatwaves are exacerbated by water deficit.   

Quetta  

Quetta is the provincial  capital and largest city of Balochistan. Quetta is located in the 

central western part of Pakistan in the Sulaiman Mountains (see Figure 20, ó╪ô). Its average 

elevation is 1680 m.a.sl, that makes it the highest elevated urban location in Pakistan. The 

city is famous for the fruits orchids in and around it.  It is one the fastest growing urban 

center among Pakistani cities. Its population was recorded at 0.7 million i n 1998 that rose up 

to 2.2 million in 2017 27 with an annual mean growth rate of 9.7% that is the highest in 

Pakistan.  

Quetta is also affected by climate change, though it is high elevation urban environment, 

nevertheless, averagely it is expecting warming  in future warmer period s. Annual mean 

maximum temperature is expected to increase by ρȢψЈὅ, whereas annual mean minimum 

temperature is expected to increase by ςȢρЈὅ in the future warmer period , when the mean 

annual temperature of Pakistan is expected to increase by ςЈὅ averagely (see Figure 20, ó╫ô). 

The 365-days cycle of maximum (Ὕ) and minimum ( Ὕ) temperature is effectively imitated 

by GCM in the historic al baseline period. Diurnal Temperature Range (DTR) is relatively 

narrow in the moist period and it is wide in dry peri od.  

Comparison of the monthly  distribution of temperature indicates more probability of 

cold extremes than hot extremes, nevertheless, the magnitude of cold extreme is warmer 

than that of the baseline period (see Figure 20, ó▄ô and ó█ô). Future warmer period  (Ὕ) are 

expected to be more warmer in the dry season and (Ὕ) are expected to be higher in autumn, 

probably because of the increase in atmospheric water vapor. Being an elevated location, the 

metropolitan of Quetta is not as vulnerable to change in temperature as its lower elevated 
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counterparts does. Nevertheless, the annual frequency of warm days (Ὕ ςυЈὅ, Figure 20, 

ó▌ô) is expected to increase by a month. Similarly, annyal frequency of very warm days (Ὕ

σπЈὅ) and hot days (Ὕ συЈὅ) is expected to increase by 25 and more than two months, 

respectively (see Figure 20, ó▐ô and ó░ô). Similar to other cities, the magnitude of extreme 

temperature is increasing. Ὕ  is expected to increase from σφЈὅ to σψȢφЈὅ, Ὕ is expected to 

increase from ωȢψЈὅ to ρςЈὅ,  Ὕ is expected to increase from ςπȢρЈὅ to ςςȢφЈὅ and  Ὕ  is 

expected to increase averagely from τЈὅ to ςȢςЈὅ (see Figure 20, ó▓ô, ó■ô, ó□ô and ó▪ô). 

Moreover, percentage of occurrences of extreme events above the ωπ percentile of he 

baseline scenario is expected to be 100% in future warmer period , along with that of below 

10th percentile is virtually zero (see Figure 20, ó▫ô, ó▬ô, ó▲ô and ó►ô).  

Interesting ly, there are no events of extremely warm nights, nevertheless, the annual 

frequency of nights below ρπЈὅ and υЈὅ are decreasing (see Figure 20, ó◊ô, and ó○ô). 

Winter and spring season in Quetta is dominated by precipitation (see Figure 20, ó╬ô). 

Mid -latitude storms penetrating southward are intercepted by lofty mountains and delivers 

substantial rainfall in Quetta. It also receives a little rainfall in monsoon season , as well. The 

amount of rainfall received in both winter and spring are expected to decrease in the future 

warmer period  (see Figure 20, ó▀ô). Frequency of wet days is also expected to decrease in the 

future warmer period  and that of dry days in increasing (see Figure 20, ó◌ô and ó◑ô). 

The decrease in future warmer period  precipitation  is also suggested by single mass curve 

analysis that indicates a decrease in precipitation in the spring season, nevertheless, summer 

monsoon season precipitation is sustained (see Figure 20, ó▀ô). Decrease in winter and 

spring precipitation in Quetta has a severe implication for the area. As this area receives 

rainfall only in winter and spring, therefore, the groundwater and  agriculture is dependent 

on it. Decrease in water availability to orchids and agriculture can cause a severe food 

security threat to the growing population of Quetta. That wi ll make it heavily dependent oon 

import of food from other parts of the country a nd people from neighboring areas may move 
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to the city in the search of employment that will increase the urban population and may 

result in a tremendous stress on civic amenities.  

Conclusions  

The urban city environments are now called ñheat islandsò since their concrete 

pavements and lack of vegetation cause them to be warmer than neighboring  natural 

environment.  Urban cities especially megalopolis like Karachi, Lahore, and Islamabad are 

vulnerable to prolonged heatwaves and to the flooding and inundation, as well. Since 

concrete built structures absorb in -coming solar radiation s that result  in a decrease in 

surface albedo, and prevalence of higher temperatures, moreover these structures occupy 

open spaces, that were once facilitating percolation of incoming precipitation  into the soil , 

therefore, moderate precipitation may results in flooding and inundation  as infiltration is 

reduced. 

Urban centers such as Karachi, Lahore, Islamabad, Peshawar and Quetta and many other 

cities of the same size are better equipped with educational, health, business, employment, 

and recreational activities, therefore  people are pulled toward these areas. Such pull 

migrations result in a higher growth rate of these cities and exponential growth of concrete 

structures for business centers, housing and connecting roads on the behalf of formerly open 

spaces and vegetation.  

As already mentioned that urban centers are warmer than their surrounding and in-case 

of occurrence of extreme prolonged temperatures (heatwaves) the elderly, infants and poor 

fractions of society fell victim to these environmental disasters.  

In global warming scenarios, a high increase in minimum temperature is expected as 

compared to the increase in day time temperature. In large urban built environments , that 

covers a large area where pavements is higher in ratio than open spaces and vegetation, the 

case is the opposite as we are expecting more increase in maximum (daytime) temperature in 

comparison to minimum (nighttime) temperatures.     
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Karachi, being the most densely populated and biggest city of Pakistan is highly 

vulnerable to climate change and global warming. Since its temperature is maintained by 

land-sea breeze circulation, therefore, a halt in this circulation can cause severe heatwaves in 

warming seasons. Though the increase in mean annual temperature of Karachi is less than 

ςЈὅ, nevertheless, it is highly vulnerable to the occurrence of frequency heatwaves in dry 

periods of spring and autumn season and probability of such occurrence is expected to 

increase in future. The magnitudes of extreme temperature events are likely to increase 

along with prolonged exposure in a future warmer period  that may risk the health condition 

of the civic population. Annual cumulative precipitation of future warmer period  is expected 

to increase a little but intensities of the individual rainfall events is expected to increase 

especially in late monsoon season. Such irregularities may cause a decrease in the amount of 

effective rainfall.  

Similar to Karachi, Lahore is also expected to experience urban center climate change 

syndrome. The increase in Ὕ (ςȢρЈὅ) is higher than that  for   Ὕ ςπȢЈὅ, which is associated 

with climate change characteristics in urban settings. Presence of higher and lower extremes 

in temperature distribution of Lahore indicates the cyclic variability between warmer dry 

and cooler wet years. March to July months are highly susceptible to extreme events and 

heatwaves.  

This will increase the demand for  electricity for air conditioning. Districts governments 

need to take precautionary actions in this regard. Such precautionary actions may include 

cold shelters for the public  where people without air -conditioning may take refuge. 

Moreover, it is time to r econsider the provision of electricity to big megalopolis like Lahore 

in the light of information on its demand growth.  

The increase in minimum temperature ( Ὕ) is higher than maximum temperature (Ὕ) in 

case of Peshawar, Lahore, and Karachi since the proportion of paved and concrete build 

structure area is higher than that of the natural landscape. Whereas, in Islamabad and 
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Quetta the case is the opposite, as the proportion of the natural landscape is these cities is 

higher than that of concrete built areas. Nevertheless, these cities are equally vulnerable to 

climate change under ςЈὅ warming scenario, as well. 
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CHAPTER 7: RAINFALL VARIABILITY IN MONSOON 

DOM INATED REGIONS OF PAKISTAN UNDER Ј╒ 

WARMING SCENARIO  

Introduction  

The monsoon season has a profound  influence on the lives of people and the economy of 

Pakistan. Social life and agricultural practices are very influenced by monsoon precipitation. 

since, many regions such as south and southeast of Pakistan, the monsoon is the only rainy 

season throughout the year. It is the only source of groundwater recharge in such locations. 

The variability of monsoon rainfall in Pakistan has severe consequences on the socio-

economic life. Extremely high temperatures in summer season came to end on the onset of 

monsoon rains. Increase in monsoon downpour cause flooding in the different  catchment of 

Pakistan and its decrease may cause prolonged drought and severe water shortage apart 

from putting regional food security on risk. In short, agrarian-based society of Pakistan is 

because of the combination of abundant solar radiation and precipitation, two essential 

ingredients for successful agriculture41.  

Monsoon rainfall is the product  of mechanically driven winds converging overland 

mainly due to differential heating of land and neighboring  large water bodies. These winds 

bring the copious amount of moisture from Indus Ocean ( the Bay of Bengal and the Arabian 

Sea), to the subcontinent . As already mentioned,  that agricultural  practices in Pakistan are 

shaped by the arrival of monsoon moisture and its precipitation. therefore, a li ttle delay in 

timing and little decrease in the quantity  of rainfall can fail agriculture on a large scale and 

severely affect the food availability on the regional scales. In addition to that, a weak 

monsoon is attributed to low crop yield, whereas, abundant monsoon can lead to plentiful 

yield, although too much rainfall may cause destructive flooding as well. Such flooding, again 

causes damage to crops, may facilitate an outbreak of epidemics and can cause a large 

number of people to migrations from flood  plains to safe locations.  
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The timing  of the onset of monsoon is also very important for agricultural practices in 

Pakistan. late arriving monsoon will reduce the availability of the length of growing season to 

the crop and early or untimely monsoon may affect early growth stages of a plant. Monsoon 

in Pakistan is regulated by ENSO to some extent. There is the influence of MJO and other 

climatic teleconnections as well. However, this study is mainly concerned with the variability 

of monsoon in Pakistan under ςЈὅ warming scenarios. 

Results  and Conclusion     

Pakistan receives variables amount of rainfall in monsoon season in its different areas. 

Lower Sindh receives as much as 100 mm in monsoon season averagely and it increases up 

to 500 mm in Barani -Potohar region and decreases north and westward (see Figure 21, ó╪ô). 

Since monsoon moisture from the I ndian Ocean is transported on relatively low levels 

(usually below 700 hPa) in the atmosphere, therefore, monsoon moisture usually 

precipitates at low elevations. For same reason, monsoon do not precipitate a lot on western 

and northern mountains. Onset of monsoon usually occurs in the month of June. In June, a 

little monsoon rainfall (~20 mm) occurs in southeastern Sindh , however, around 100 mm 

rainfall occurs in upper reaches of potohar region (see Figure 21, ó╪1ô). Amount of monsoon 

rainfall gradually increases in July and August (see Figure 21, ó╪ô & ó╪ô). Baluchistan 

plateau and western Sindh receives less then 20 mm/month rainfall in monsoon season.  

In future ςЈὅ warmer scenarios the monsoon is expected to strengthen on western and 

northern mountainous areas. Seasonally accumulated rainfall is expected to increase in some 

of the areas of Balochistan, although, an increase of ςπσπϷ or even τπυπϷ is not a lot 

since these areas are receiving little precipitation in baseline period averagely (see Figure 21, 

ó╫ô & ó╬ô).   

Highest percentage increase in June accumulated precipitation is expected in western 

Sindh (>70%, see Figure 21, ó╫ô and ó╬ô), followed by 10% increase in southern KPK and 

central Punjab. Since these areas are not receiving much precipitation in the baseline period 
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therefore the percentage increase of 10% is not substantial. On the other hand, southeastern 

Punjab and eastern Sindh is expected to be dryer in the month of June.  

The almost similar percentage increase is noticed in the month of July  and August (see 

Figure 21, ó╫ô, ó╬ô, ó╫ô and ó╬ô), although little increase is witnessed in northern Pakistan 

(Gilgit -Baltistan) , western mountains of KPK and Balochistan. Since, the change is 

quantified i n terms of percentage therefore the actual change is higher in northern Pakistan 

than southern Pakistan (Balochistan).  

Since it is already discussed in the previous chapter that monsoon is strengthening in late 

season toward autumn, and it is corroborated by the analysis presented in Figure 21. 

Therefore, it can be concluded that  in the future  warming  period monsoon is expected to 

strengthen and approaching at a relatively  higher altitude. Though the increase in 

precipitation in Balochistan is not much in magnitude but it is substantial in -case of 

northern and western mountains. This will increase the likelihood of hill torrents and 

accumulated run-off from mounta ins. On the other hand, southeastern (Southern Punjab 

and southeastern Sindh) are expected to be dryer. This situation will affect the sowing of 

Rabi crops in southeastern Pakistan. Whereas, an increase in northern and western Pakistan 

may cause flooding.  

In conclusion, the monsoon is strengthening in Pakistan over higher elevations (mainly 

northern and western Pakistan) and it is weakening in southeastern Pakistan. this situation 

is explained by Kevin E. Trenberth as wet is getting more wet and dry is getting dryer or ñrich 

is getting richer and poor is getting poorerò. A decrease in monsoon rainfall in southeastern 

Pakistan, where monsoon is only rainy season throughout the year is alarming. Since the 

population  is growing in these regions, therefore, water resources will be further stressed in 

these areas. Prolonged dryness may cause drought and famine. To avert this situation, there 

is a need to redistribute water from water surplus regions to water deficit regions through 

canals with minimal losses. 
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TABLES  

Table 1. Agro -Climatic Zones of Pakistan and their districts 25.  

S.No. Agro-Climatic Zones Districts  
1 Rice/Wheat Punjab Sialkot, Gujrat, Gujranwala, Sheikhupura, Lahore, 

Kasur, Narowal, Mandi Bahauddin, Hafizabad. 
 

2 Mixed Punjab Sargodha, Khushab, Jhang, Faisalabad, Toba Tek 
Singh, Okara. 
 

3 Cotton/Wheat Punjab  Sahiwal, Bahawalpur, Bahawalnagar, Rahimyar Khan, 
Multan, Vehari,  Lodhran, Khanewal, Pakpatan. 
 

4 Low Intensity Punjab  Dera Ghazi Khan, Rajanpur, Muzaffar garh, Layyah, 
Mianwali, Bhakkar , Dera Ismail Khan. 
 

5 Barani/Rain -fed Punjab Attock, Jhelum, Rawalpindi, Islamabad, Chakwal . 
 

6 Cotton/Wheat Sindh  Sukkur, Khairpur,  Shaheed Benazirabad, Hyderabad, 
Tharparkar, Nowshehro Feroz, Ghotki, Umerkot, 
Mirpurkhas, Sanghar.  
 

7 Rice/Other Sindh  Jacobabad, Larkana, Dadu, Thatta, Badin, Shikarpur, 
Karachi. 
 

8 KPK All KPK except Dera Ismail Khan. 
 

9 Balochistan All Balochistan. 
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Table 2. Population and Growth Rate of Agro -Climatic Zones 27.  

S.No. Agro-Climatic Zones Population (1998)  Population (2017) Annual Growth 
Range (%) 

1 Rice/Wheat Punjab 23446707 35522065 2.2 
2 Mixed Punjab 2379536 3225114 1.8 
3 Cotton/Wheat 

Punjab 
7029940 9858586 2.08 

4 Low Intensity 
Punjab 

2357865 3935687 3.28 

5 Barani/Rain -fed 
Punjab 

2014393 7464763 3.26 

6 Cotton/Wheat Sindh  2011034 3202236 2.9 
7 Rice/Other Sindh  3646925 5303156 2.2 
8 KPK 17743645 30523371 3.6 
9 Balochistan 6565885 12344408 4.4 
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FIGURES  

 
 

Figure 1. Comparison of the GCM runs for temperature and precipitation in the retrospect 
and the prospect, along with their ensemble.  
(a) The GCM Runs (21- members) for the areal average mean annual maximum 
temperature (Ὕ) of Pakistan for the both retropect (1950-2005) and prospect (2006 -
2099) are presented. Individual runs in retrospect are presented by light grey, whereas 
individual runs of prospect RCP 4.5 and RCP 8.5 scenarios are presented by light blue and 
light red colors, respectively. Ensemble medians of the GCM runs are presented by thick 
lines for each category. (b) same as (a) for minimum temperature ( Ὕ). (c) same as (a) for 
areal average annualy accumulated precipitation (ὖͅὶ).  

Figure 1  
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Figure 2: Areal average mean annual temperatures of Pakistan from 1950-2099.  
(a) Black Line presents the retrospect areal average annual mean temperature (1950-
2005) , whereas, blue and red lines present the prospect areal average annual mean 
temperatures in RCP 4.5 and 8.5 scenarios, respectively (2006 -2099) . (b) Presents 
temperature anomali es (black, blue and red lines) with  respect to the areal average mean 
annual temperature of the base period (1971-2000, grey box). Red box (2027-2045, 19 
years) for which average mean annual temperature of Pakistan will remain averagely 2 oC 
higher than the base period under RCP 8.5 scenario. Red-blue box presents (2027-2069, 
43 years) for which the average mean annual temperature of Pakistan will remain 
averagely 2oC higher than the base period (1971-2000) under RCP 4.5 scenario.  

 

Figure 2  
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Figure 3. Areal average annually accumulated precipitation of Pakistan.  
Black Lines presents historical areal averaged annually accumulated precipitation for 
retrospect (1950-2005). Red and blue lines present areal average annually accumulated 
precipitation of Pakistan under RCP 8.5 and 4.5 scenarios (2006-2099). Grey box presents 
the base period (1971-2000 ), whereas, red and red-blue boxes presents the period when 
average annual temperatures of Pakistan would be averagely 2oC higher than the base 
period under RCP 8.5 and 4.5 scenarios, respectively.  

Figure 3  

 



101 
 

   

Pakistan Meteorological Department   
 

 
 

Figure 4. Agro-Climatic Zones of Pakistan25.  

Figure  4 
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Figure 5. The Agro-Climate Zone of Rice-Wheat Punjab.  
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(╪) Map of Pakistanôs International boundary with DEM in the background, the boundary of agro-climatic zones of Rice-Wheat Punjab is 

highlighted with black line, the black dots within the boundary of agro -climatic zone presents the GCM grid points. (╫) The daily mean (365 day 

annual cycle) of the areal average maximum temperature (ὝȟЈὅ) of the Baseline (1971-2000) GCM ensemble median is presented with magenta 

line and red circles. 365 day annual cycle of the areal average daily maximum temperature (ὝȟЈὅ) of the Rice Wheat Punjab under future RCP 4.5  

(2027-2069) and RCP 8.5  (2027-2045) GCM ensemble median are presented with red lines (red filled squares and squares, respectively). Similarly, 

the 365 day annual cycle of the areal average daily minimum temperature (ὝȟЈὅ) of the Baseline is presented with dark blue line (dark blue circles). 

Whereas, same of the future RCP 4.5 and 8.5 are presented by light blue lines along with filled squares and diamonds, respectively. (╬) The 365 

day annual cycle of the areal average daily precipitation (άάȾὨ) computed from the ensemble mean of GCM for the baseline (blue line) and the 

future (red dashed line for RCP 4.5 and yellow dotted line for RCP 8.5) are presented. (▀) The statistical summaries of the daily maximum 

temperature (ὝȟЈὅ) under the Historical Baseline (1971-2000) period and the future p eriod under RCP 4.5 (2027-2069) and 8.5 (2027-2045) of 

the agro-climatic zones are presented through box plots on monthly scales. Similar summaries of the daily minimum temperature ( ὝȟЈὅ) on 

monthly scales and monthly accumulated precipitation (άά) on the seasonal scales are presented in (▄) and (█), respectively. (▌) presents the 

annual frequency of days (Ὕ ςυЈὅ in the historical baseline period (1971-2000) and the future RCP 4.5 (2027-2069) and RCP 8.5 (2027-2045) 

period, respectively. (▐) similar to (▌  with  (Ὕ σπЈὅ. (░) similar to (▌  with  (Ὕ συЈὅ. (▒) similar to (▌  with  (Ὕ τπЈὅ. (▓ ) similar to (▌  

with  (Ὕ ςυЈὅ. (■ ) similar to (▓ with  (Ὕ ρπЈὅ. (□) similar to (▓ with  (Ὕ υЈὅ. (▪) Annual frequency of wet days (ὖ ράάȢ (▫) Annual 

frequency of wet days (ὖ υάάȢ (▬) Annual frequency of wet days (ὖ ρπάάȢ (▲) Annual frequency of wet days (ὖ ςπάάȢ (►) Annual 

frequency of wet days (ὖ ράάȢ (▼) Mean mass curve of daily rainfall for historical baseline period (1971 -2000) and future RCP 4.5 (2027-2069) 

and 8.5 (2027-2045) scenarios.  

Figure 5 
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Figure 6. Similar to Figure 5 for the agro-climatic zone of Cotton-Wheat Punjab.  
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Figure 7. Similar to Figure 5 for the agro-climatic zone of Low-Intensity Punjab.  
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Figure 8. Similar to Figure 5 for the agro-climatic zone of Barani- Rainfed Punjab. 
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Figure 9. Similar to Figure 5 for the agro-climatic zone of Cotton-Wheat Sindh. 
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Figure 10. Similar to Figure 5 for the agro-climatic zone of Rice-Other Sindh. 
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Figure 11. Similar to Figure 5 for the agro-climatic zone of Khyber-Pakhtunkhwa. 
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Figure 12. Similar to Figure 5 for the agro-climatic zone of Balochistan. 
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Figure 13. Similar to Figure 5 for the agro-climatic zone of Mixed Punjab. 
 



Global Change Impact Study Centre   

 
 

Figure 14. Similar to Figure 5 for agro-climatic zone of Gilgit -Baltistan.  
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Figure 15. Similar to Figure 5 for agro-climatic zone of Azad Jammu Kashmir. 
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Figure 16. Change in extreme events in urban setting of Karachi under ςЈὅ warming scenario.  
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 (╪) Map of Pakistanôs International boundary with DEM in the background, the boundary of urban center of Karachi is highlighted with yellow 

color polygon. (╫) The daily mean (365 day annual cycle) of the areal average maximum temperature (ὝȟЈὅ) of the Baseline (1971-2000) 

GCM ensemble median is presented is with magenta Line and red circles. The 365 day annual cycle based on in-situ observed (ὝȟЈὅ) is 

presented with black line . The 365 day annual cycle of the areal average daily maximum temperature (ὝȟЈὅ) under future RCP 4.5  (2027-

2069) and RCP 8.5  (2027-2045) GCM ensemble median are presented with red Lines (red filled squares and squares, respectively). 

Similarly, the 365 day annual cycle of the areal average daily minimum temperature (ὝȟЈὅ) of the Baseline is presented with dark blue 

line (dark blue circles) .  Whereas, same of the future RCP 4.5 and 8.5 are presented with light blue lines along with filled squares and 

diamonds, respectively. Furthermore, the 365 day annual cycle based on in-situ observed (ὝȟЈὅ) is presented with black line. (╬)  the 365 

day annual cycle of areal average daily precipitation (άάȾὨ) computed from the ensemble mean of GCM for the baseline (blue line) and 

the future (red dashed line for RCP 4.5 and yellow dotted line for RCP 8.5) are presented along with in-situ  observations (green dashed 

line).  Statistical summaries of the monthly accumulated precipitation ( άά) on seasonal scale under the Historical Baseline (1971-2000) 

period and the future period under RCP 4.5 (2027-2069) and 8.5 (2027-2045) of the Karachi urban center are presented through Box Plots 

(▀). Similarly , analysis of the daily maximum temperature ( ὝȟЈὅ), and of daily minimum temperature ( ὝȟЈὅ) on monthly scales are 

presented in (Ὡ) and (Ὢ), respectively. (▀ ) The mean single mass curve of daily rainfall for the historical baseline period (1971-2000) and 

future the RCP 4.5 (2027-2069) and 8.5 (2027-2045) scenarios for Karachi are presented. (▌) presents the annual frequency of days (Ὕ

ςυЈὅ in the historical baseline period (1971-2000) and the future RCP 4.5 (2027-2069) and RCP 8.5 (2027-2045) period, respectively. (▐) 

similar to (▌  with  (Ὕ σπЈὅ. (░) similar to (▌  with  (Ὕ συЈὅ. (▒) similar to (▌  with  (Ὕ τπЈὅ. (▓ ) the monthly maximum value of 

daily maximum temp  (Ὕ ). (ὰ) the monthly minimum  value of daily maximum temp  (Ὕ ). (□) the monthly maximum value of daily 

Minimum  temp (Ὕ ). (▪) the monthly minimum  value of daily minimum  temp (Ὕ ). (▫) Percentage of days when Ὕ ωπ percentile of 

the baseline period. (▬) Percentage of days when Ὕ ρπ percentile of the baseline period. (▲) Percentage of days when Ὕ ωπ 

percentile of the baseline period. (►) Percentage of days when Ὕ ρπ percentile of the baseline period. (▼)  the annual count of days with 

at least 5 consecutive days when Ὕ ωπ percentile in baseline period. (◄) similar to (▌  with  (Ὕ ςυЈὅ. (◊ ) similar to (◄ with  (Ὕ

ρπЈὅ. (○) similar to (◄ with  (Ὕ υЈὅ. (◌) the annual frequency of wet days (ὖ ράάȢ (●) the annual frequency of wet days (ὖ

υάάȢ (◐) the annual frequency of wet days (ὖ ρπάάȢ (◑) the annual frequency of wet days (ὖ ςπάάȢ (◑ ) the annual frequency of 

wet days (ὖ ράάȢ 
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Figure 17. Similar to Figure 16, but for the city of Lahore.  
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Figure 18. Similar to Figure 16, but for the city of Islamabad.  
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Figure 19. Similar to Figure 16, but for the city of Peshawar. 
  



119 
 

   

Pakistan Meteorological Department   
 

 
 

Figure 20. Similar to Figure 16, but for the city of Quetta. 
  
























































































































