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ABSTRACT 

 
Pakistan, located between 23o 42´ to 37o 06´ N and 60o 54´ to 77o 52´ E is girdled by the dominating 
Himalayan ranges in the north under the influence of calms of cancer and shifting of doldrum, with greater 
part of the country experiencing arid climate alongwith recurring drought. The spatio-temporal variability 
in atmospheric water and thermal regime is reflected in the high variability of precipitation and resultant 
extended droughts and floods. Consecutive failure of precipitation leads to meteorological drought; reduced 
stream flow leads to hydrological drought, in turn resulting in agricultural drought which disturbs the 
agrarian economy. Pakistan being an agricultural third world country, its economic and hence social milieu 
is inherently influenced by its climatic variations and severities. Agriculture being the lynchpin of its 
economy, Pakistan’s GDP has declined from 50 to 22% from 1949-50 to 2009-10. The drought of 1998-
2002 was reported as the worst in the last 50 years.  
The study is based on the hypothesis that drought, among other natural disasters is the worst enemy of the 
economy of Pakistan and hence on its social set up. Searching a way out of this critical environmental 
condition is necessary for ameliorating the socio-economic status of this third-world country. Furthermore, 
all types of drought originate from meteorological drought in Pakistan. 
The objectives of the research include revelation of meteorological/climatological nature of drought, 
classification of Pakistan’s climate, alongwith demarcation of climatologically affected sectors. 
Determination of the effects of drought and desertification, identification of the relationship between 
teleconnection phenomena and annual precipitation are also included in the objectives. Determination of 
the effect of drought on river flow is related to the assessment of socio-economic impact of hydrological 
drought on the country, as agriculture is inherently related to water availability in the perspective of 
agricultural drought leading to socio-economic drought. Formulating methods of assessment of 
meteorological drought is essential from the prediction point of view, which is an essential part of the 
thesis.  
The study area encompasses the macro-area of Pakistan served by 51 meteorological observatories. Case 
study of three selected villages, representative of arid and semi-arid conditions from three most drought 
prone provinces has been made with the help of questionnaire surveys to collect first hand information of 
socio-economic impact of drought.  
Methodology of the study includes in its purview, processing of data collected both from primary as well as 
secondary sources. Assorted statistical softwares (viz. XLSTAT, MYSTAT, MiniTab, etc.), methods and 
self made routines have been applied in the temporal study and forecasting module. Some GIS (software) 
e.g., arcGIS, Surfer, etc. have been employed for spatial study, missing climate data mining, presentation as 
well as climatic forecasting analysis. Graphical method for missing climate data mining is one of the 
original contributions of this thesis, alongwith Standardized Rainfall Evapotranspiration Index (SREI), 
which has been proposed for drought monitoring. 
The study has revealed that deficit in precipitation and insufficient water resources are the major cause of 
vulnerability to drought. Hydrological, agricultural and socio-economic droughts are rooted in 
meteorological drought. Increasing trends of mean temperatures and high potential evapotranspiration 
dominates throughout the country; which is a sign of climate change. The global source and sink 
teleconnection phenomena, La-Nina plays a vital role in maneuvering precipitation regions in Pakistan. 
Droughts severely impact the agricultural productivity and subsequently the rural social status. In order to 
aid in climatological forecasting a modified formula has been proposed, as an original contribution in the 
thesis, for calculating sunshine hours from total cloud amount, for the calculation of FAO Penman-
Monteith Evapotranspiration.  
Suggestions for improving socio-economic conditions with reference to drought hazards include reductions 
in population growth rate and enhancement of agro-based business in order to improve social status of 80% 
of its population which is directly or indirectly related to agriculture. Development of new and 
enhancement of old water reservoirs is essential. Construction of small dams in the northern areas and 
barrages in the southern region cannot only help in reduction of floods but storage of water for use during 
droughts. Plantation of vegetation, capable of reducing salinity and enhancing water table conditions in the 
coastal areas e.g. coconut trees, may not only enhance the economy of the area but also improve soil 
conditions leading to enhanced agricultural productivity. Last but not least, a forecasting equation has been 
developed for assessing the country’s GDP growth rate based on climate and agricultural data.  
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INTRODUCTION 

 

 

Drought is a usual and regular aspect of climate which has profound socio-economic 

impacts. It is a sufficiently prolonged period of abnormally dry weather, due to sparse 

precipitation which causes water shortage over a particular area for some activity, 

environmental sector or group, and a serious hydrological imbalance. It brings negative 

effect on river flow, resulting in minimal flow or sometimes causes rivers to dry. No 

matter what the definition, it is clear that drought cannot be considered exclusively as a 

physical phenomenon, it no doubt has far reaching social and economic effects.  

 

Watson, et al., (1998) has indicated onset of meteorological drought in Pakistan and its 

neighboring countries, Afghanistan, Iran, Tajikistan and India.  Droughts in many parts of 

the globe are associated with teleconnection phenomena El-Ninos (Ropelewski, et.al, 

1987). Quinn, et al. (1978, 1987), listed and indicated that all El-Ninos are not equally 

effective. Thereafter, Rasmusson, et al. (1983), studied 25 selected events and concluded 

that in 05 events rainfall was excess, 11 events recorded slightly below normal rainfall 

but there were only 09 events where severe droughts were associated with these events in 

the sub-continent. Kane (1997a, 1997b; 1998a, 1998b, 1998c) observed that droughts in 

the sub-continent and other locations were not associated with all El-Ninos. Trenberth 

(1993) also studied and have not identified every individual El-Nino event. 

 

Why the Study of Drought? 

 

Pakistan, by virtue of its geo-climatic situation, enjoys two rain producing seasons, 

namely summer monsoon and winter western disturbances. Although, it comprises of 

hyper arid, arid, semi arid climatic regions; in the northern areas, along the foothills of 

the Himalaya is a belt of humid climate and hence most of its regions are vulnerable to 

drought. These rain producing systems failed in succession during 1998-2002 and 

brought meteorological drought. During the summers (June to September) the monsoon 
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depression had not formed very well in the Bay of Bengal and Arabian Sea, as such it 

brought scanty precipitation to Pakistan. The condition became further aggravated when 

incursion of south west moist wind from Arabian Sea had not accentuated the passing 

western disturbance resulting in scanty rain in the northern areas, parts of KPK and 

Punjab. The El-Nino and La-Nina also play a part in abnormal weather phenomena in and 

across the country e.g. during 1982-83 and 1997-98 deficit in monsoon rainfall have been 

recorded in Pakistan. At the same time these were strongest El-Nino years. The flow of 

the Indus river system and its tributaries were affected due to the low snowfall in the 

mountain area, which resulted in hydrological drought. The Indus and its tributaries 

which form the world’s largest contiguous irrigation network on a single river system 

affected the agricultural activities, consequently nearly dried-up, and minimal water flow 

in the canals resulted in agricultural drought. The prevalent drought had unbalanced the 

supply and demand scale regarding daily edible items when about 349 000 people were 

waiting the immediate support to mitigate serious shortage, vaccines and feed to livestock 

(GoB, 2002) which subsequently turned into socio-economic drought. Besides the 

government, members of many donor countries (viz. Turkey, Japan, China, USA, New 

Zealand, European Union (EU), Norway and South Korea) and International agencies 

(viz. UNDP, UNOCHA, UNFPA, FAO, UNHCR and UNICEF) camped Pakistan to 

remedy and immediate relief (FAO, 1997; GoB, 2003). Country has agro-based 

economy, while agricultural survival is reliant on the supply of unbridled water. 

Precarious agriculture, shortage of water and very low economic activity during the 

period 1998-2002 showed drought seriousness. Due to the effect of drought, the 

anticipated GDP growth rate declined to less than 03% resulting in stagnation of the per 

capita income (SBP, 2002). The country suffered severe shortage of rain especially in 

Sindh, Balochistan and southern part of Punjab.  It caused huge decline and loss to 

livestock worth Rs. 15 billion, including sheep, goats, cattle, horses donkeys, camels and 

poultry by about 2.6% compared to the preceding year when it was recorded as 2.8% 

(SBP, 2004). Balochistan suffered a loss of Pak rupees (PKR) 3.500 00, Sindh PKR. 

1.630 000, KPK, PKR. 4.400 000 and Punjab PKR. 5.500 000 (Oxfam, 2002). 
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Droughts are continuously causing manifold detrimental impacts in Pakistan. The lower 

southern half (41 mha) geographical area is arid and semi-arid i.e., area of 29 mha and 11 

mha, respectively (PADMU, 1983). The hyper-arid area categorized as desert comprises 

Thal 2.3 mha, Chagai- Kharan 1.8 mha, Cholistan 2.6 mha and Thar 4.3 mha and are 

permanently vulnerable to drought (Khahlown, et al., 2004). Pakistan receives scanty 

precipitation (less than 250 mm per annum) in the southwestern 69% of Pakistan, 

gradually increasing precipitation of 250 to 500 mm in the plain area spreading over 

about 22% of Pakistan and highest precipitation (more than 500 mm per annum) falling 

in  the remaining 09% of Pakistan, comprising the southern slope of the Himalayas. 

 

Primarily, Pakistan receives 25 to 30% precipitation during the winter months from 

December to March through western disturbances and 70 to 75% during the summer 

months of July, to September through monsoons over Pakistan (UNO, 2000). Drought 

conditions materialize if winter and subsequent summer seasons drastically fail and 

temperature drops to -27oC in winter and escalates to 52oC in summer. There are a 

number of factors responsible for drought. The most important teleconnection, La-Nina 

caused meteorological drought during 1998-2002 almost all over entire Pakistan. 

 

Why the Study of Drought in terms of Socio-economic Impact? 

 

During 1998-2002, Pakistan faced the worst meteorological drought of its history. It 

severely affected human livelihood, resulted in crop failure, killed large numbers of 

cattle, caused human casualties, hard-pressed thousands of people to migrate, 120 deaths 

and 2 200 000 people were affected. Drought adversely affects the agrarian economy of 

Pakistan; KPK and northern Punjab mildly, Sindh and Southern Punjab highly while 

Balochistan was severely affected, especially the rain-fed area. Drought has not been 

observed in GB area. Drought affected the poor far more seriously. 

 

Agricultural sector is the lynchpin of the country’s economy, being a dominant driving 

force and a single largest sector for growth and development of the national economy. It 

provides 48.40% employment to the total work force and 24% to the GDP (GoP, 2003). 
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Two third population of Pakistan are residing in rural areas while one third in urban 

areas. The rural population is directly or indirectly associated with agriculture for their 

source of revenue. Drought badly affects the agricultural sector of Pakistan. Overall 

agricultural growth turned negative during 1998-2002 period. It affected about 66% 

livestock in Sindh, 40% in Balochistan, 40% in KPK, and 43% in Punjab. The cumulative 

loss as projected was forty-three percent of the country’s livestock population. Heavy 

direct losses of livestock have been widely reported due to production losses, animal 

mortality and distress sale of animals (FAO, 2001). Drought has affected the leather 

industry, wool products; badly hampered the carpet industry and lowered the meat 

production. Tarbela Dam reached the dead level due to acute water shortage. Erratic 

rainfall reduced water levels in the Indus basin and its canal system. It severely affected 

all sectors of agriculture and ultimately the country’s overall economy. The drought also 

exposed environmental issues in deltaic areas and vulnerability of the Indus Basin 

Irrigation System.  

 

Pakistan was planning to melt glaciers in order to deliver water to drought-stricken areas 

which drew fire from environmental groups, scientists and government officials; 

consequently the melting of glaciers was prevented. 

 

 

2 HYPOTHESIS AND OBJECTIVES 

 

Drought, among the other natural disasters is the worst enemy of the economy of 

Pakistan. Geographically, the country has a blend of landscapes ranging from coastal 

belt, deserts, plateaus and mountains. Climate of Pakistan is predominantly hyper-arid to 

semi-arid. Teleconnection phenomena like El-Nino, La-Nina play a vital role in receiving 

below normal precipitation. Persistent droughts kill the livestock and disturb human life 

due to migration. Drought not only causes decline of the ground water table level, but 

leads to shortage of drinking water resources and reduction of irrigation. Droughts bring 

social, economic and environmental problems to Pakistan especially, in the hyper-arid 

and arid areas.Ameliorateing solutions subsequent to forwarding drought predicting 
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methods are essential for the redressal of socio-economic malaise of drought afflicted 

areas. 

 

 

The raison d'être of the research are to: 

 

i. reveal the meteorological/climatological nature of drought. 

ii. classify the climate of the country 

iii. demarcate climatologically affected sectors  

iv. determine effect of drought and desertification 

v. find out the relation between teleconnection phenomena and annual 

precipitation of the country 

vi. determine effect of drought on agriculture 

vii. determine effect of drought on river flow 

viii. bring out socio-economic impact of drought on the country in the light of 

meteorological/climatological drought. 

ix. discover a relation between GDP growth rate and annual precipitation  

x. provide suggestions / remedies out of drought 

xi. provide a tool for climatological drought 

xii. extend suggestions for drought preparedness and mitigation regarding 

improvement plan for agriculture and economic activities. 

 

 

3 METHODOLOGY 

 

Fifty-one climatic stations of PMD have been selected for study of drought. Various 

routines have been written in Power Basic for calculating long term monthly, seasonal 

and annual means of climatic parameters and manipulating climatic classification of a 

station. Monthly, seasonal and annual evapotranspiration value for each station have been 

calculated. Climatic Atlas and classification maps have been produced through 

Geographical Information System (GIS) software(s) (arcGIS, Surfer, etc) for spatial 



 

liv 
 

study. The stream inflow, agricultural and teleconnections data have been obtained from 

their respective sources. The interpretation of climatic parameters and relation between 

precipitation and agriculture as well as stream flow has been studied. The relation of 

teleconnection phenomena e.g. El-Nina, La-Nina, IOD and provincial and country-wide 

precipitation have been analyzed by using MS Excel. Various Drought Indices have been 

calculated and their temporal effect studied by using statistical software viz., MiniTab, 

MyStat, etc. Some scientific routines have also been written to evaluate typical 

meteorological calculation e.g., evapotranspration, solar radiation, sunshine hours, 

drought indices, etc. Survey has been conducted to find out impact of drought on socio-

economic activities in drought prone areas. In the study, social and economic activities 

and data therein have been taken into account during the exemplar period, in this study. 

Reports of various NGOs and International agencies have also been considered along 

with survey data analysis.  

 

 

4 JUSTIFICATION 

 

Most parts of Pakistan receive high solar radiation combined with low precipitation. 

Pakistan comprises 87.98 million hectares total (mha) land area. About 52.17 mha area 

i.e., 59% of the country, receives less than 200 mm precipitation per annum; thus 

reckoned as arid rangelands. Rough topography and deserts, rocky soils are the other 

constraints, besides climatic factors.  These arid rangelands support a very large number 

of pastoral people and 93.50 million heads of livestock. The major arid rangelands are 

western Balochistan, Kohistan, Tharparkar, Dera Ismail Khan and above all Cholistan 

and Thar deserts. Non-availability of water in the Indus river system, continuous shortage 

of water and fodder has caused heavy losses of livestock. The failure of monsoons and 

successive western disturbances during the years 1997-2002 were the main causes of 

drought in the country. Monsoon precipitation is scattered and erratic, reaching the arid 

rangeland areas of the country except western Balochistan. As a result, frequency of 

drought is two to three years out of every ten years. Unfortunately, little effort has been 

made to mitigate the frequency of drought occurrences. Pastoral people of arid 
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rangelands are familiar with droughts and during such periods they migrate to nearby 

better endowed areas to maintain their livestock without any restriction. They engage 

themselves in manual extra manpower threshing and harvesting activities of wheat crop 

work in the irrigated cultivated areas during periods of drought. During the drought 

period 1998-2002, unfavourable changes in prices of grains and livestock hit hard the life 

of the pastoral communities. Apart from loss to natural resources and livestock, 

squeezing resources for sustenance and livelihood opportunities, has resulted in 

considerable loss of precious human lives. During such hours of dire need, help through 

long and short-term rehabilitation plans are due, to the affected population and vulnerable 

communities. 

 

The exemplar drought disaster of 1998-2002 has been identified as a simultaneous 

incidence of Meteorological, Hydrological, Agricultural and Socio-economic drought. 

Drought stress has not only eroded sustenance and livelihood opportunities with multiple 

impacts on eco-biological diversity and human health, but it has claimed many human 

lives in KPK, Punjab, Sindh and Balochistan provinces. Thar, the land of poverty, 

pigeons and peacocks, exclusively depends on precipitation for its survival. During rainy 

seasons the region is awash with greenery, mushrooms and colorful flowers. While, 

during the exemplar disaster drought (1998-2002), villagers revealed that land became 

barren, livestock and human beings had nothing to drink or eat, therefore, thousands of 

people fled from the region due to a record water shortage in hundred years. There are 

many causes of drought and so the solutions. Through, wholehearted efforts and 

commitment by all sectors of society efforts should be made to overcome and reduce the 

traumatic calamity of drought.  

 

During this period the weather cycle La-Nina reduced the precipitation and consequently 

gradually affected the run-off to the Indus river system. Another affect was unusual raise 

in maximum temperatures which ultimately endangered not only crops, but also caused 

skin, throat and eye infections alongwith health related problems.  

 



 

lvi 
 

Pakistan is the sufferer of chronic, repeated misplanning of water and land resources 

management to produce food and simultaneously the most unfortunate country with 60% 

of its life saving water, wasted to floods and seepage in addition to the scourge of 

drought.  

 

Chapterization of the thesis and flow diagram of the study are as follows: 

 
Introduction 
 
Chapter-1 
 Definition of Drought 
 
Chapter-2 
 Geographical Profile of Pakistan 
 
Chapter-3 
 Climate Atlas of Pakistan 
 
Chapter-4 
 Climate Classification Analysis 
 
Chapter-5 
 Precipitation Variability and Trend 
 
Chapter-6 
 Evapotranspiration Analysis 
 
Chapter-7 
 Precipitation and Teleconnection Analysis 
 
Chapter-8 
 Stream Flow and Crops Analysis 
 
Chapter-9 
 Drought and Desertification 
 
Chapter-10 
 Drought Indices Analysis 
 
Chapter-11 
 Drought - A Socio-Economic Study 
 

 Conclusion and Suggestions 
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Chapter – I 
DEFINITIONS OF DROUGHT  

 
 
 
1.1 PREAMBLE 

 

Drought has many facets. It may setup any time, end indefinitely and reach various 

degrees of severity.  It can appear in any region over the globe, with an impact ranging 

from slight personal inconvenience to endangered nationhood. The approach by various 

investigators varies according to their particular interests and backgrounds and it is not 

surprising that a wide range of definitions have been developed. Many definitions have 

been designed to approach the study of drought in a particular way, often making 

approximations or substitutions where data on a variable such as evaporation (WMO, 

1975) are not available. Many are modified versions of earlier definitions and their 

inclusion here is mainly for historical reasons. 

 

Drought differs from other meteorological phenomena in temporal aspects. Its initiation 

and termination are often rather vague with respect to time. Its duration may be relatively 

long. General definitions indicate that they can be classified according to the criteria 

used. Precipitation, air temperature, humidity, evapotranspiration, wind, stream flow 

condition may be used either alone or in combination as variable(s). Some definitions 

specify a temporal control whilst others are independent of time. An overview, definition, 

prediction, history of drought, and relation to teleconnection like El-Nino Southern 

Oscillation (ENSO) and climatology has been presented in this chapter.  

 

Drought is a condition of deficit moisture occuring over a considerable area and may 

have a harmful effect both on vegetation and living beings (Warwick, 1975; Wilhite, 

et.al., 1985). Meteorological drought results from sustained deficit of precipitation; 

hydrological drought is associated to lack of stream flow and agricultural drought is 

recognized by soil moisture deficit or excessive evapotranspiration (Keyantash, et al., 

2002). 
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Drought has been erroneously considered as a random and rare episode although it is a 

recurrent and normal climatic feature. It may occur virtually in different climatic zones 

over the globe. There are significant regional variations in the characteristics of drought. 

Long periods of below normal precipitation result in droughts; simply stated, they are 

cumulative hazards. A temporary precipitation aberration is called drought. Technically 

low rainfall is a permanent feature of climate of arid regions (University of Florida, 

1998).  

 

Drought is a perilous hazard. Drought must be considered relative to average conditions 

over a period of 30 years of phenomena related to precipitation, evapotranspiration, 

temperature, relative humidity and wind speed, which are considered “normal” over 

individual meteorological stations. Drought results when significant positive temperature 

anomaly occurs over a chronic time period; resulting in excessive evaporation, delays in 

onset of the rainy season or untimely precipitations for chief crop growth stages. Low 

relative humidity and high wind speed further aggravate the situation (University of 

Florida, 1998). 

 

Meteorological, agricultural or hydrological drought incur siginficant potential impact 

compared to those of short duration and geographically limited disasters like floods, 

tropical storms, etc. Droughts often affect a vast geographic terrain covering the entire 

country, whole countries or sections of continents. In the past, droughts also occurred in 

Southern Asia. Areas comprising present Pakistan experienced several drought years in 

the past. The Punjab experienced droughts in 1899, 1920 and 1935; Khyber Pakhtunkhwa 

(KPK) and Federally Administered Tribal Areas (FATA) in 1902 and 1951 while Sindh 

witnessed drought of severe nature in 1871, 1881, 1899, 1931, 1947 and 1999 (Maqbool, 

2008). Droughts may persist for months to year(s). Drought is a recurrent and normal 

feature of climate, but difficult to define. Its definition varies with disciplinary 

perspectives, requirements and regional variations. Many definitions have appeared in the 

literature, e.g., in Libya drought is defined as a condition when less than 180 mm per 

annum precipitation falls, however in Bali, it is believed to take place only after a rainless 

period of six (6) consecutive days (Raga, et al., 2004)! Generally, drought may originate 
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due to deficiency of precipitation over an extensive period, i.e. one or more seasons 

leading to water deficiency for the environmental or group/individual sector (Raga, et al., 

2004). A physical phenomenon, drought, cannot be viewed solely, whatsoever the 

definition.  

 

Impacts of drought on society result from the interaction between the water supply, 

demand and natural climate variability. Human beings are themselves responsible for the 

exacerbation of the impact of droughts. During the last decade of the 20th century and 

first decade of the millennium, droughts have highlighted the susceptibility of societies to 

this innate hazard, both in developing and developed countries, ensuing in environmental 

and economic effects as well as personal hard times. 

 

Drought causes insufficient water reserves, in succession, disrupting the flora and fauna, 

hence human activities. Conditions instigating, drought in one area may pass overlooked 

in another, e.g. the plains of Punjab with few continuous rainless months, where ground 

water and surface water are available, as in the form of perennial flows may not suffer 

from drought, whereas over Nokkundi, Cholistan and Thar deserts they may cause 

drought under similar conditions. Thus, no clear-cut definition of drought can be related 

to all areas, universally. 

 

Drought may be considered a disaster when peoples’ demand exceeds the water supply 

(University of Florida, 1998). Exaggerated use of water by people often escalates the 

impact of droughts, which cannot be managed when the natural supply decreases 

(University of Florida, 1998). 

 

The Meteorological Glossary (1972) defined ‘drought’ as, dryness due to lack of rainfall.  

British Rainfall Organization (1887) Annual Volume Publication defined ‘absolute 

drought’ as a period with at least 15 consecutive days with precipitation not less than 0.01 

inch (0.2 mm), ‘partial drought’ as a period not less than 29 consecutive days having 

mean daily precipitation not more than 0.01 inch (0.2 mm) and ‘dry spell’ was described  

and employed for the first time in 1919 for the British Rainfall Organization, as a period 
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with not less than 0.04 inch (1.0 mm), or more with at least 15 consecutive days of 

rainfall. 

 

Confusion may ensue due to absence of specific and universally accepted definition of 

drought, its existence and severity. Many definitions of drought exist. Drought impacts 

vary significantly depending on locations, economic, social and environmental 

characteristics, hence their definition should appear, application and region specific.  

 

Generally, the concept of drought is easily comprehensible but any one definition that 

precisely suits all the areas of Pakistan is difficult. An important factor i.e., shortage of 

water is the critical parameter e.g., drought is defined as a period extending over several 

months, seasons or years of abnormal dryness due to below-normal precipitation 

responsible for a pronounced decrease in area and production of forage yield. This 

definition is applicable for rainfed areas but not suitable for irrigated areas.  Results of 

deficit in precipitation and low stream flow appeared in the form of drought in irrigated 

areas. During the 1998-2002 spell of drought, slow snow melting was the cause of low 

stream flow in the Indus River (GoP, 2008). 

 

 

1.2 DEFINITIONS OF DROUGHT 

 

1.2.1 Conceptual Definitions 

 

Conceptual definitions are those, which help people, understand the concept in general 

terms, e.g. 

 

It is a prolonged period of inadequate precipitation, which causes widespared damage to 

crops, hence slump in yields (NDMC, 2006). 

 

Meteorological drought is defined as deficit precipitation, a deviation from normal or 

average amount for specific regions.  
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It is not possible, to universally apply any one definition of drought, justifying the 

coining of a wide array of definitions (IMTR/WMO-RTC, 2013) e.g.  

 

• USA: in 48 hours, rainfall below 2.5 mm (Blumenstock, 1942). 

• Great Britain: precipitation below 0.25 mm in a fortnight, i.e. 15 consecutive days 

(British Rainfall Organization, 1936).  

• Libya: less than 180 mm annual rainfall (Hudson, et al., 1964). 

• Bali:  a period of six (6) days without rain (Hudson, et al., 1964). 

• India: seasonal rainfall deficit by twice the mean deviation (Ramdas, 1960). 

 

Phenomenon to be assessed for meteorological drought are precipitation, number of rainy 

days, wind speed, temperature, evaporation, atmospheric humidity and pressure (Hadish, 

2010).  

 

The United Nations Convention to Combat Desertification (UNCCD) has defined 

drought as a phenomenon occurring due to below normal precipitation, which adversely 

affects land resource production systems when precipitation has been significantly in 

hydrological imbalance, culminating in unfavourable production of the land resource 

systems. However, in addition to precipitation, soil types and their ability to store water, 

evaporation, (affected by temperature and wind), vegetation, the depth and presence of 

ground water supplies, etc. play a significant role in the occurrence of drought. 

Considering these factors, four types of droughts are commonly identified:  agricultural, 

meteorological, hydrological and socio-economical. 

  

While establishing drought policies, conceptual definitions may also be significant, e.g. 

Australian drought policy incorporates an understanding of normal climate variability 

into its definition. Only, when it is considered as part of normal risk management, under 

exceptional drought circumstances does the country provide financial assistance to its 

farmers (WCRP, 2005). Scientific assessments form the bases of exceptional drought 

declarations, since, previously, some farmers in the semiarid Australian climate claimed 
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drought assistance every few years, when drought was poorly defined officially, and not 

comprehended by the peasants.  

 

1.2.2 Operational Definitions 

 

Operational definitions aid in the identification of culmination, termination and the 

magnitude of drought severity. In order to identify the commencement of drought, 

operational definitions specify the degree of departure of precipitation and other climatic 

parameters from the average. Onset of drought is also determined by analyzing the 

situation over a period of 30 years. A somewhat arbitrary threshold, e.g., 75% of average 

precipitation over normal identified as the beginning of a drought is, generally 

established, as opposed to specific impacts and correlations. Pakistan Meteorological 

Department (PMD) is using the following formula: 

 

100×⎟
⎠
⎞

⎜
⎝
⎛ −

=
N

NPPDN  

where:  

 N = Normal of Mean Annual Total Precipitation of the station 

 P = Total Annual Precipitation of the station 

 PDN = Percentage Departure from Normal  

 

A positive value of PDN indicates above normal and negative indicates below normal 

precipitation of the station. Drought severity has been categorized by negative value and 

flood by positive (Chaudhary, et al., 1992). Within + 25% PDN is said to be normal 

precipitation. Precipitation deficit/excess between 25 and 50% is said to be moderate, 50 

and 75% severe and above 75% extreme drought/flood. 

 

In terms of drought effects on plant behavior (i.e., growth and yield) at various stages of 

crop development, rates of soil moisture depletion (daily/monthly precipitation values to 

evapotranspiration rates) might be used in operational definition for agriculture. A 

definition like this one could be used in operational assessment of drought severity and 
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impacts not only by tracing meteorological variables but also by soil moisture, conditions 

of crops during the growing season and continuous reassessment of the potential impact 

of these conditions on the final yield. For examining frequency, duration and severity of 

drought over a specific period (usually 30 years) operational definition must be used. 

Such definitions, depending on the application, require monthly, daily, hourly or other 

possible time scales, impact weather data (e.g., crop yield). Developing climatology of 

drought for a region provides a greater understanding of the probability of recurrence at 

various levels of severity and its characteristics. In the development of preparedness 

plans, its response and mitigation strategies, this type of information may prove highly 

beneficial. 

 

 

1.3 DISCIPLINARY PERSPECTIVES ON DROUGHT  

 

American Meteorological Society (1997) has grouped its definitions into four categories 

of drought types (Heim, 2002), viz.  (i) meteorological/climatological, (ii) agricultural, 

(iii) hydrological, and (iv) socio-economic. A prolonged duration meteorological drought 

may be of many months or years. Conditions of the atmosphere may suddenly change 

due to lack of precipitation or its decrease. Short-term duration of a few weeks of 

moisture reduction in the surface layers i.e. root zone during part of the critical growing 

season, may result in agricultural drought, which may cause severe reduction of crop 

yields, although the deeper soil layers may be saturated. Low relative humidity 

accompanied by high temperatures and desiccating winds enhance the impact of rain 

deficit (Conrad, 1944). Depending on the prior moisture and status of the surface soil 

layers, commencement of agricultural drought may be delayed or followed by 

meteorological drought depending on the existing moisture condition of the surface 

layers of the soil. Hydrological drought results due to prolonged precipitation deficit, 

which will affect the surface, subsurface and ground water supplies, stream flows, levels 

of lakes and reservoirs, etc., which carry on even after the termination of a 

meteorological drought and are linked to socio-economic drought e.g., the demand and 

supply of economic goods and services.  
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Drought definitions used over time not only have regional variation but also vary in 

accordance to the purpose for which they are designed. A general survey of drought 

definitions has indicated that they can be classified according to the criteria used. A 

classification of drought definitions based on certain parameters given by WMO (1975) is 

as follows: 

  

a) Rainfall 

b) Rainfall along with mean temperature 

c) Parameters of soil water and crop 

d) Indices of climate and estimates of evapotranspiration 

e) General definitions and statements 

 

As an example, looking more closely into definitions based solely on rainfall, it was 

shown that a number of these refer to short period “droughts” or “dry spells” (WMO, 

1975). 

 

• Less than 2.5 mm in 48 hours (Blumenstock, 1942; Thornthwaite, 1941) 

• Rainfall half of normal or less for a week (Ramdas, 1950) 

• 10 days with rainfall not exceeding 5 mm (Tannehill, 1947; Brounov, 1957) 

• 15 rainless days (Cole, 1933)  

• 15 consecutive rainy days, recording above 0.25 mm (British Rainfall 

Organisation, 1936) 

• 15 consecutive days, none with 1 mm (British Rainfall Organisation, 1936) 

• 29 consecutive days, does not exceed 0.25 mm par day (British Rainfall 

Organisation, 1936) 

• 21 or more rainy days recording below 30% normal rainfall (Henry, 1906) 

• 21 days recording below one-third of normal precipitation (Tennessee Valley 

Authority, 1944)  

• 21 days or more rainfall fails to reach 10% of normal (Tennessee Valley 

Authority, 1944)  

• 75% of normal annual precipitation (Bates, 1935) 
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• 60% of the normal monthly precipitation (Bates, 1935) 

• Rainfall below 85% of the normal (Hoyt, 1936) 

• Less than 2.5 mm rainfall in 48 hours (Blumenstock, 1942) 

• Actual rainfall for a week half of normal or less (Ramdas, 1950) 

• Period terminated by at least 6.4 mm during any 48 hours (Fitzpatrick, 1953) 

• During March to September season, 24 hours without 6.4 mm or higher 

precipitation in a period of 20 or more consecutive days (Conrad, 1944) 

 

These appeared to be geared mainly to climatic experience in the British Isles or perhaps 

the northeastern United States, where rainfall is received at frequent intervals and crop 

and animal husbandry and water-storage operations are not geared to the long spells of 

rainless weather that are seasonally normal in the semiarid regions (WMO, 1975). 

 

The published definitions of drought, which outnumber 150 (Wilhite, et al., 1985) are 

categorized under Meteorological, Hydrological, Agricultural and Socio-economic 

disciplinary perspectives of drought and have characteristics mentioned below (Wilhite, 

et al., 1985): 

 

1.3.1 Meteorological drought 

 

A sufficiently prolonged abnormally dry weather period with lack of water in the affected 

area, causing serious hydrologic imbalance (Huschke, 1959). 

 

Meteorological drought is usually defined based on duration of dry period and proportion 

of dryness (usually compared by deviation from the normal amount). Since atmospheric 

conditions vary among regions, resulting in precipitation, the definitions of 

meteorological drought must be specific for different regions. Some definitions identify 

periods of drought less than some specified threshold, based on the rainy days. This 

measure is valid only for regions with humid subtropical climate, tropical rainforest and 

humid mid-latitude climate, e.g., New Orleans, Louisiana (USA); Manaus, Brazil; and 

London (England), etc, with sufficient precipitation regime over the whole year.  
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Northeastern Brazil, central United States, northern Australia and west Africa are areas 

characterized by seasonal rainfall regimes, therefore any definition based on the number 

of rainy days with precipitation below some specific limit or threshold is non valid e.g. 

areas where extended periods are common as in Fortaleza, Ceará (Brazil); Omaha, 

Nebraska (USA); and Darwin, Northwest Territory (Australia). Other definitions may be 

based on departure of time scales i.e. actual total precipitation to the average amounts on 

annual, seasonal, or monthly nature, of actual precipitation to the average amount. 

 

1.3.2 Agricultural drought 

 

Agricultural drought is a climatic excursion, which diversely affects crops or range 

production due to shortage of precipitation (Rosenberg, 1979). 

 

Various characteristics focusing on shortage of precipitation, actual and potential 

evapotranspiration differences, reduced levels of ground water, soil water and reservoirs, 

etc. Requirement of water demand by plants depends on a number of factors e.g., the 

biological characteristics of specific plants, the prevailing weather conditions, physical 

and biological properties and stage of plant growth. An acceptable definition of 

agricultural drought should include in its purview the susceptibility of crops during 

different development stages. Deficiency of topsoil moisture during the planting stage 

may lead to reduced plants per hectare, hamper germination, as well as reduce the 

productivity. Deficient subsoil moisture at the early stage, however, will not affect final 

yield if moisture of the subsoil is maintained through the growing season or if rainfall is 

sufficient for plant water requirements, or if the moisture at the surface is sufficient for 

plant growth. 

 

1.3.3 Hydrological drought 

 

When water bodies like streams, reservoirs, ground-water aquifers, lakes and even soils 

have less than average water content, hydrological drought is said to have occurred 

(Yevjevich, et al., 1977). 
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It is characterized by negative impacts of precipitation deficiency on the surface or 

subsurface water supply. Its frequency and severity is defined on river basin or watershed 

scale. The chief concern of hydrologists is how the hydrologic system is affected by 

precipitation deficiency. Hydrological droughts generally are not in consonance with the 

incidence of agricultural and meteorological drought. Occurrence of precipitation 

deficiencies is relatively slower in water bodies, therefore, its impact on other economic 

sectors are conjunctive, e.g. agriculturists realize its impact immediately, although its 

effect on hydel power production, irrigation, navigation, wildlife habitat recreation , etc. 

may be somewhat delayed, nevertheless, their multiple impacts lead to escalated conflicts 

especially during drought when there is competitive demand for water.  

 

Hydrological drought appears when a prolonged precipitation deficiency causes a decline 

in the water bodies, lakes, streams and ground water. Situations, like failure of monsoon 

precipitation during monsoon period and lack of snowfall in winter over the northern 

mountainous area of the country further exaggerate acute water shortage in subsequent 

months. 

 

1.3.3.1 Hydrological Drought and Land Use 

 

Climate is a key factor of hydrological drought. Hydrological characteristics of basins 

(e.g. Indus) are effected by land degradation (e.g., deforestation), construction of dams 

(e.g. Kishanganga dam under Kishanganga Hydro-Electricity Project (KHEP) at 

Kishanganaga-Neelam river (referred to as Neelam in Pakistan and Kishanganag in India) 

a tributary of Jhelum river, etc.). Impact of meteorological drought may reach well 

around the vicinity of the precipitation-deficiency area since regions are inter-connected 

by hydrological systems (e.g. stream route of Indus in Pakistan from the northern area in 

Hindu Kush to deltaic area in the south into the Arabian Sea). Changes like runoff rates 

and infiltration in land use upstream may modify hydrologic characteristics, resulting in 

more variable stream flow and a high frequency of hydrologic drought downstream. 

During recent years, the lower catchment area is experiencing high water shortage 
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frequencies i.e. hydrological drought, due to land use changes both within the country as 

well as in its neighboring countries. Although, meteorological droughts may not occur 

frequently, human intervention leading to land use changes is a cause of recurrent water 

shortage (NDMC, 2006). Data provided by PMD for the period 1961-2010 revealed that 

commencing from 1998, all arid and semi - arid areas of Pakistan, which include nearly 

whole of Balochistan, southern and south eastern Sindh and Punjab experienced drought 

of varying intensities, their severity reaching climax in low rainfall seasons. Over the 

same period, the range of annual total rainfall was between 35 and 110 mm while the 

annual moisture loss through evapotranspiration touched the 2000 mm mark. As the ratio 

of precipitation to evapotranspiration in these areas ranges from only 01 to 10% they may 

be considered as arid to hyper-arid regions. The mean annual evepotranspiration in these 

areas ranges between 75 to 90%, while the mean annual rainfall is sufficient, making rain 

fed crop cultivation non profitable, without irrigation. Agricultural practice is unfeasible 

in the arid plains south of 33o N latitude. Fortunately, the world’s famous canal irrigation 

system exists here to irrigate the arid plains of Sindh and Punjab. Nevertheless, 

conditions of hydrological drought exist due to low rainfall in the Indus catchment area, 

resulting in problem of irrigation, as well as civic needs.  

 

1.3.4 Socio-economic Drought 

 

Relationship between different types of droughts is complex. Socio-economic drought 

correlates the different types of droughts with spatial and temporal demand and supply of 

economic goods and services, thus the difference in its classification and occurrence from 

meteorological, agricultural and hydrological droughts. For many water related activities 

like hydel power generation, recreation, irrigated agriculture, etc in which growth and 

yield of crops are highly dependent on the availabilty of water and streams, the key 

variable for analysis of droughts is streamflow. Therefore, meteorologists define drought 

as ‘absence or pronounced precipitation deficiency over a prolonged period’ to 

‘abnormally dry weather period recording lack of precipitation, sufficiently prolonged to 

result in serious hydrological imbalance’ (WMO, 1992; American Meteorological 

Society, 1997).  
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The supply of economic goods whether it is water, waterpower or natural consumer items 

is inherently linked to climatic conditions that culminate in the fluctuation of water 

supply, which in turn affects environmental and human needs. When supply of economic 

goods falls short of supply, socio-economic drought occurs e.g., in 1988-89 in Uruguay 

drought resulted due to lack of water storage facilities and dependence on stream flow for 

hydel power generation, as a result of which expensive and stringent alternative 

arrangements had to be made to meet the nation’s power needs (NDMC, 2006). 

 

Rising population and per-capita consumption results in increasing demand of economic 

goods. Improved technology, construction of dams and efficient production helps 

enhance supply. However, the critical factor here is the convergence of both demand and 

supply, which may lead to escalation of vulnerability and occurrence of drought. 

 

1.3.5 Miscellaneous Definitions  

 

Drought is absence of rain, causing desiccation. Absolute drought occurs when rainfall 

does not exceed 0.01 inch for atleast a period of 15 consecutive days, while 29 

consecutive days with mean daily rainfall not more then 0.01 inch results in partial 

drought and 15 consecutive days with 0.04 inch of rainfall results in a dry spell. 

Definitions of absolute and partial drought by the British Rainfall Organization and that 

of dry spell by British Rainfall Organization , were first introduced in 1887 and 1919, 

respectively (Glossary of Geology and Related Sciences, 1957; Meteorological Glossary, 

1944).  Among all natural disasters, drought is by far the most damaging and has been 

responsible for millions of deaths and damages amounting to hundreds of billions of 

dollars. The 1988 drought in USA cost approximetely US$40 billion. The African 

drought of 1991-92, was the country’s worst dry-spell which affected an area of 2.6 

million sq. miles (6.7 sq. kms.), and approximately 24 million people of its population. 

Since its inception, Pakistan has experienced several droughts (Chaudhary, et al., 1992), 

and in 2001 the government, on the proposal of the Ministry of Agriculture was seriously 

considering melting of its glaciers with the use of lasers or charcoal, in order to avert the 
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water crisis and drought which had caused severe damage to the wheat crops. However, 

this proposal was strongly opposed by scientists, environmentalists and some government 

officials themselves who warned against melting of glaciers (Daily Jang, July 4, 2001; 

WPR, 2001).  

 

 

1.4 SEQUENCE OF DROUGHT IMPACTS 

 

The different types of droughts i.e. meteorological, agricultural and hydrological have a 

sequential impact; the agricultural sector, being highly dependent on stored soil water. 

Prolonged dry episodes cause depletion of soil water and if precipitation deficits are 

prolonged, people relying on other sources of water feel the impact, while others who 

depend on lakes and reservoirs and subsurface water are the last to feel the impact. These 

sectors however, are not much influenced by droughts, which for 3 to 6 months, depend 

on the water requirements and hydrological system characteristics.      

 

The sequence of recovery of both subsurface and surface water supplies is repeated when 

meteorological drought conditions have receded due to the normal occurrence of 

precipitation. Prior to restoration of streamflow, reservoirs, lakes and ground water, 

replenishing of soil water reserves takes place. 

 

In the agricultural sector, influence of drought may be somewhat reduced as it relies on 

soil water, but in other sectors dependent on surface or subsurface water the condition 

may be somewhat aggravated. Users of ground water are both last to be affected by 

drought as well as to return to the normal water level. Intensity of drought, its 

prolongation and precipitation amount at termination of the episode determines the length 

of recovery period. The relationships between the different types of droughts and its 

impact sequences with respect to time duration have been shown in Fig.1.1      
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Fig.1.1  Relationships between meteorological, agricultural, hydrological and 
      socio-economic drought (Source:WMO, 1995). 
 

 

1.5 CAUSES OF DROUGHT IN PAKISTAN 

 

When rain-producing systems fail continuously over vulnerable areas, drought may 

occur. When the western disturbances advance into Pakistan and remain at 35o N or 

higher latitudes, they cause failure of winter rains. In addition, secondary western 

disturbances below 30o N do not form under such conditions, as a result of which parts of 

Sindh and Balochistan go totally dry. Such conditions occur quite frequently in these 

areas. If the subsequent months i.e April and May also record complete dryness, resulting 

in very high temperature, a normal feature of these months, the situation may get severely 

aggravated. Perpetual drought emanates due to resultant spiralling of evapotranspiration. 

If monsoon lows or depressions, which form over the Arabian Sea or Bay of Bangal, fail 

to reach Pakistan during the summer months of June and September, it results in scanty 

monsoon rains especially in the northern parts of the country inclusive of KPK 

(previously North West Frontier Province (NWFP)), GB (Gilgit-Baltistan) and the 

northern division of Punjab. As a matter of fact, these areas receive rainfall from the 

incursions of the southwesterly winds of the Arabian Sea, which are accentuated by the 

passing western disturbances. The situation may be considerably aggravated if failure of 

summer rains is coupled with its failure in the post monsoon period i.e. October and 

November, as it happened in the Cholistan region in the year 2000, as a result of which 

en-masse migration of tribes and nomads ensued, and emergency measures by the 

government during the drought period, became essential (PMD, 2001). 

 
 

Fig.1.2  Location of NINOs (Source http://www.noaa.gov) 
  

1.5.1 El-Nino and La-Nina 
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In Meteorological Science, abnormal weather phenomena like El-Nino and La-Nina are 

quite popular. Their appearance changed the global weather pattern, e.g, failure of the 

1983 monsoon and similar conditions in 1998 occurred due to the strongest El-Nino. 

Such coincidences are strikingly noteworthy, demanding indepth investigation. 

Analogous, to this the La-Nina has quite often been the cause of abnormal drought 

conditions. The area location of both El-Nino and La-Nina are depicted in Fig.1.2. The 

locations have been named as Nino1, Nino2, Nino3 and Nino4. There are two other 

locations, Nino1+2; the union of locations Nino1 and Nino2 and Nino3.4, the intersection 

of locations Nino3 and Nino4. The exact coverage of these areas has been summarized in        

Table 1.1. 

 
Table 1.1 Location of NINOs 

 
S.No. Name Location 

Latitude Longitude 
1 NINO1 5o – 10o S 80o W –90 o W 
2 NINO2 Equator – 5o S  80o W –90 o W 
3 NINO1+2 Equator – 10o S  80o W –90 o W 
4 NINO3 5o S – 5o N 90o W –150 o W 
5 NINO4 5o S – 5o N 150o W –160 o W 
6 NINO3.4 5o S – 5o N 120o W –127 o W 
 

1.5.2 El Niño-Southern Oscillation (ENSO) 

 

A La-Nina or “cold event” is indicated by high positive values of SOI and not only a 

counter part of the El-Nino but also a representative of the extreme end of the ENSO 

cycle. In the equatorial Pacific, sea surface temperatures drop considerabley below 

normal levels, with unusually intense trade winds. Generally, El-Nino is followed by     

La-Nina years. For a better comprehension of global weather patterns, the term ENSO 

may prove to be more suitable than La-Nina. Southern Oscillation (SO) represents the 

atmospheric component while El-Nino the oceanic property, the chief factor being sea 

global climatic occurrences having links to climatic anomalies. Not all anomalies are 

linked to interannual rainfall variance (Ogallo, 1994). Now ENSO accounts for not more 

than 50% of the eastern and southern Africa’s extreme anomalies as severe droughts, 
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floods and hurricanes have strong teleconnections to ENSO events. Atmospheric 

interactions between far-flung regions is referred to all teleconnection (Glantz, 1994), and 

its understanding is crucial in forecasting droughts, hurricanes, floods etc.  

 

The strongest connections between ENSO and intense droughts have been deciphered in 

different parts of the world e.g. in India, Australia, Indonesia, Philippines, eastern and 

southern Africa, Brazil, western Pacific including the Hawaii islands, central America 

and numerous locations in the USA where drought of different magnitudes occur during 

different seasons. Ropelewski and Halpert (1987) in their study have found a great 

connection between ENSO events and consistency and magnitude of precipitation.     

 

1.5.3 Indian Ocean Dipole (IOD) 

 

The ENSO has been considered responsible for variability in tropical and sub-tropical 

climates in the Indean Ocean, although their correlation is not frequently strong. In the 

equatorial Indian Ocean, another seesaw ocean atmospheric system has been discovered 

and is called IOD. The discovery of the IOD, which are similar to the east-west SST, 

precipitation anomalies and periodicities of the ENSO in the Pacific, is an advancement  

in the field of meteorology (Saji, et al., 1999). The Sea Surface Temperature (SST) 

difference between 50°E to 70°E and 10°S to 10°N (western) and 90°E to 110°E and 

10°S to 0°S (eastern) equatorial Indian Ocean is called the Dipole Mode Index (DMI). A 

positive IOD period is characterised by warmer than normal water in the tropical western 

Indian Ocean and cooler than normal water in the tropical eastern Indian Ocean, 

conversely, a negative IOD period by cooler than normal water in the tropical western 

Indian Ocean and warmer than normal water in the tropical eastern Indian Ocean. 

 

The precipitation anomalies of east Africa, causing short rains from October to 

November is due to the interannual seasonally phase-locked phenomenon of IOD. The 

positive IODs were responsible for heavy rains in 1961, 1997 and 2006 (Yamagata, et al., 

2004; Rob Marchant, et al., 2006; Takeshi, et al., 2010). The area of IOD1 and IOD2 and 

their geographical coordinate have been depicted in Fig.1.3. 
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Fig.1.3  Location of Indian Ocean Dipole (IOD 1 and IOD 2)  
(Source: Australian Bureau of Meteorology website: http://bom.gov.au) 

 
 

 

1.5.4 Drought Vulnerable Areas in Pakistan 

 

A study of the seasonal patterns of rainfall is essential in order to identify drought 

vulnerable areas in Pakistan. If the rainfall in the noteworthy rainfall periods i.e. summer 

monsoon (June to September) and winter (December to February) fail, they cause 

drought conditions. While during the transition periods i.e. October to November 

southern Punjab, Sindh and Balochistan do not receive rainfall, hence are vulnerable to 

drought.  

 

1.5.5 Pakistan Precipitation Pattern 

 

With the exception of the humid climate belt along the Himalayan foothills, Pakistan is 

composed of not only arid and semi-arid regions, but also hyper-arid regions. There is 

considerable regional variation of precipitation amounts and rainfall patterns, which 

corroborate with the drastic climatic changes in the country. Despite the presence of the 

mighty Indus river system, there is great variation in the spatial as well as temporal 

availability of water. In comparison to the Jhelum, Chenab, Ravi and Sutlej, the Indus is 

more of a snow fed river. Heavy rainfall or snowmelt may result in seasonal annual 
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floods, which due to lack of storage facilities drain out into the sea causing subsequent 

droughts.  

 

1.5.6 Winter Precipitation Patterns 

 

Low-pressure systems or western disturbances which originate in the Altantic Ocean or 

Mediterranean Sea and move towards the east within 30o to 60o N i.e., the higher 

latitudes, have characteristics of frontal systems. However, Pakistan seldom records a 

total frontal system. In the lower latitudes (i.e. 25o – 30o N), where these disturbances 

create secondaries (i.e. an isobaric pattern with two low-pressure areas within each 

other), moisture from Arabian Sea is pulled, resulting in copious rainfall over northern 

parts of the country. Comparatively lesser rainfall occurs in areas, which fall beyond the 

domain of winter rains, in southern Punjab and Balochistan and parts of central, southern 

and eastern Sindh. These areas remain dry for more than 50% of the time, and are 

therefore, termed as a drought vulnerable zone. A severely low precipitation over Sindh, 

which is less than that over Balochistan, KPK and Punjab provinces by an avarge of 4.9, 

5.7 and 16.1 times respectively has emerged, which makes a comparative analysis of 

Area-Weighted precipitation (1961-90) necessary.  

 

Area-Weighted precipitation during the period 1961-90 for winter months (December to 

March) is 228.8 mm in KPK, 81.1 mm in Punjab, 69.3 mm in Balochistan and 14.2 mm 

in Sindh. During winter months, precipitation over Sindh is considerabily low. In KPK, it 

is 16.1 times, in Punjab 6.7 times and in Baochistan 4.9 percent higher than in Sindh. 

 

Aridity as a permanent climatic feature of any region may be defined as a condition of 

low average precipitation or water availability, ignoring any chances of climate change 

(Wallen, 1967).  In Pakistan, the trend of aridity increases towards southeastern Sindh. 

Winter season is followed by a transitional phase from March to May. At this time, due to 

high evapotranspiration and extremely reduced precipitation, temperatures exhibit rapid 

escalation. Greater part of Sindh’s agricultural land is irrigated by canals as it is traversed 
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by the Indus river and is saved from meteorological drought due to its availability of deep 

ground water, remaining at high level especially within a catchment of 05 to 20 miles. 

 

1.5.7 Summer Precipitation Patterns 

 

The southwest monsoon originating in the Arabian Sea; or the monsoon depressions, 

which subsequent to initiation in the China Sea or the Pacific Ocean move over the Bay 

of Bengal cause summer rainfall. Areas outside the influence of monsoon precipitation, 

which remain dry for more than 50% of the time, are termed as drought vulnerable areas. 

They, extend over the south western and some central parts of Balochistan and segments 

of northwestern Sindh, especially around Jacobabad, Sukkur, Larkana, etc. During the 

summer seasons, precipitation of Balochistan as compared to other provinces is 

remarkably low. Conditions towards southwestern Balochistan, especially around 

Dalbandin, Nokkundi and Jiwani are quite acute. A comparison of Balochistan drought 

prone areas with Area - Weighted precipitation of other provinces during the period 

1961-90 for summer months reveals that it is 252.9 mm in KPK, 260.3 mm in Punjab, 

64.2 mm in Balochistan and 21.4 mm in Sindh. In KPK, Punjab and Sindh it is 11.8, 12.2 

and 6.4 times respectively, higher than Balochistan. 

 

1.5.8 April to May Precipitation Pattern 

 

In the higher latitudes, beyond 30°N, i.e., in GB/AJK and northern KPK/FATA the 

Western Disturbances provide adequate precipitation. In the area south of 30°N, i.e., 

entire Sindh, portion of northeastern Balochistan, around Kalat and Sibi, coastal location 

as well as the western extreme flank of Balochistan around Nokkundi, are drought prone 

areas due to extremely low rainfall, coupled with high maximum temperatures, ranging 

between 40.5°C (105°F) to 44.4°C (112°F) with a record temperature of 53°C (127.4°F) 

on 12.6.1919, Jacobabad is one of the world’s hottest places. Summer (June to 

September) temperatures here normally remain around 50°C, which are further 

aggravated by excessive evapotranspiration. In comparison to Balochistan, which 

experiences extreme drought conditions during summer, Sindh is not so vulnerable to 
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drought, because of the availability of ample ground water capable of reducing 

meteorological drought.  

 

Area-Weighted precipitation during the period 1961-90 for the months (April to May) is 

36.5 mm, in KPK/FATA, 106.5 mm in Punjab, 20.1 mm in Balochistan and 5.5 mm in 

Sindh.  

 

In comparison to Balochistan, Punjab and KPK/FATA, the precipitation in Sindh is 3.7, 

19.4 and 6.6 times less, respectively. However, the precipitation in the drought vulnerable 

areas of Balochistan is similar to that in Sindh. Drought conditions may be exacerbated 

due to failure of summer rains. Presence of ground water, however, may reduce the 

drought phenomena.    

 

1.5.9 October to December Precipitation Scenario 

 

During this period, the northern half of Pakistan records relatively higher rainfall, as 

compared to southern Punjab, Balochistan and Sindh, which become drought vulnerable 

areas. In Sindh, from December to March i.e. during winter, similar conditions prevail.   

 

Area-Weighted precipitation during the period (1961-90), for the months, October to 

November is 37.7 mm in KPK/FATA plus GB/AJK, 11.3 mm in Punjab, 4.8 mm in 

Balochistan and 4.4 mm in Sindh. The precipitation over Sindh is 1.1, 2.6 and 8.6 times 

lesser as compared to Balochistan, Punjab and KPK/FATA plus GB/AJK, respectively.  

 

1.5.10 Precipitation Pattern during 1998-2002 Drought Spell 

   

The sustenance of the economy and livelihood of large parts of the world is dependant on 

precipitation systems e.g., monsoons, fronts, hurricanes, typhoons, etc., although floods 

and damage of crops, life and property are caused by excessive precipitation.  
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Changes in the water phase i.e., from liquid to vapour and vice versa, absorb and release 

respectively, energy in the form of latent heat, a noteworthy thermal  energy source for 

atmospheric circulation, related to rainfall, makes it essential for the sustenance of human 

life and economy. Latent heat related to tropical rainfall, is responsible for atmospheric 

circulation and climatic changes of short durations.  

 

Over the period 1998 to 2002, Pakistan recorded severe deficit rainfall. Fig.1.4 reveals 

that rainfall in some parts of the country was well below the normal. Parts of Sindh and 

Balochistan received scanty rainfall, which resulted not only in deficiency of water in 

rivers and reservoirs, but also underground water, culminating in extreme conditions of 

drought and failure of crops. Severe dought was witnesed over the entire arid and semi- 

arid areas of the country. In the low rainfall regions, i.e., great part of Balochistan, parts 

of southern and south eastern Sindh and Punjab, respectively (Figs.1.4 and 1.5), drought  

 
Fig.1.4     Drought at the end of March 2000 (Source: PMD website:http://pmd.gov.pk) 

 
 

 
Fig.1.5    Drought at the end of July 2002 (Source: PMD website:http://pmd.gov.pk) 
 

severity reached the climax. In these areas, annual moisture loss due to 

evapotranspiration recorded is 2 000 mm, when the range of total annual rainfall is 

between 35 mm and 110 mm. Those areas where the ratio of precipitation to 

evapotranspiration varies between 1 to 10%, may be called arid to hyper arid climatic 

zones and 75-90% of the mean annual evapotranspiration cannot be tackled by the mean 

annual rainfall under rainfall conditions; crop cultivation is jeopardised in the arid zones. 

In the plains south of 33o N latitude, agriculture without supplementary irrigation 

becomes extremely difficult, due to aridity. These arid plains of Sindh and Punjab can 

benefit from the world famed canal irrigation system over the Indus, but its catchment 

area at present is still experiencing acute shortage of water for irrigation purposes, due to 

persistently low rainfall. Conditions of hydrological drought are being experienced in the 

country due to insufficient supply of water for agricultural as well as civic requirements. 
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1.6 IS DROUGHT PREDICTION POSSIBLE? 

 

Although, issue of experimental forecasts of drought are being made in parts of the 

world, lack of accuracy is a hurdle and there seems to be no reliable method for 

prediction of its occurrence, recurrence, prolongation, termination, etc.  

 

Although the problem is scientifically difficult, prediction of drought may be improved. 

Some satisfactory solution may be achieved subsequent to persistent research efforts, 

related to an understanding of its causes, assessments of the probability of occurrence of 

its causes. Assessments of the probability of occurrence, recurrence, prolongation, 

termination, etc. with the help of climatological data analysis may be possible and prove 

helpful for planners to mitigate socio-economic problems. Remote sensing techniques are 

proving to be highly beneficial in the monitoring of drought impacts on agriculture and 

related sectors. Subsequent to its emergence in 1995, collaboration of the PMD and 

international agencies initiated monitoring of the drought (1998-2002), especially during 

the 1997-98 onset, with special focus on the persistent El-Nino event. Guidelines for 

emphasis on monitoring the surface and ground water resources for the current as well as 

forthcoming months were issued to the drought advisories. Due to failure of rains during 

the winter, comparison of the 1998 and 2001 May SPOT images reveals prominent 

reduction of vegetation over Pakistan’s northern half. Low crop production, leading to its 

import, loss of emloyment and reduced industrial output have been responsible for 

reduction in the growth of the country’s GDP from 4.18 in 1998, 3.91 in 1999, and 1.96 

in 2000 (GoP, 2000). This spell of drought, which commenced in 1998, persisted 

intermittently until 2010 (Fig.1.6). 

 
Fig.1.6  Drought at the end of December 2010 

(Source: PMD website:http://pmd.gov.pk) 
 
 

1.7 CONCLUSION 
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Definitions of drought reveal that the phenomena of drought have different connotations, 

all of which have their impacts on the socio-economic aspects of human existence; 

spatially as well as temporally, twain have geographical relevance. 
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Chapter – II 
GEOGRAPHICAL PROFILE OF PAKISTAN 

 
 
 
2.1 PREAMBLE 

 

The geographic profile of Pakistan is highly variegated, with diversified physiography, 

topography and drainage system, extending over four (4) main climatic, nine (9) chief 

ecological zones and landscape regions and is comprised of five provinces. Pakistan has 

four economic sectors (agriculture, livestock, fishery and forestry), also President of 

Pakistan ,Monday 10, September 2012 signed Special Economic Zones (SEZ) Bill 2012 

with a view to setup special economic zones in sundry parts of the country to boost jobs 

and enhance economic activities, promote foreign investment in various sectors. 

 
Fig.2.1  Pakistan Physical 
Source: http://www.columbia.edu/itc/mealac/pritchett/00maplinks/overview/pakphysical/pakphysical.jpg 
 

Pakistan located between longitudes 61° and 75° East and latitudes 23° and 36° North 

(Fig.2.1), has an area of 796 095 square kilometers (sq km.). In the north east is the 

People’s Republic of China, while on its eastern border lies India. Pakistan shares its 

border with Iran while on its northwestern boundary line lies Afghanistan. North of 

Afghanistan, the 24 km long Wakhan border separates the country from Tajikistan. 

Between Pakistan and India is located the disputed territory of Jammu and Kashmir. India 

controls portion of Jammu and Kashmir, while the portion of the territory called Azad 

(Independent) Kashmir is under Pakistan’s control.  

 

Pakistan covering an area of 803 940 sq km extends northwards for about 1 700 km till 

the source of the Indus amidst the Hindu Kush, Himalayas and Karakoram mountains. 

Pakistan has about 778 720 sq km of  land  border  and the  coastline  extends for 1 050 

km (650 mi), out of which 800 km extends in Balochistan and 250 km in Sindh province. 

It borders the prolific Arabian Sea, famous for its upwelling phenomenon. The territorial 

waters cover an area of 24 000 sq km. Pakistan has Exclusive Economic Zone (EEZ) 

comprising an area of 196 600 sq km in the Arabian Sea. The continental shelf of 
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Balochistan coast extends to a distance of only 15-40 km whereas in Sindh it measures 

150 km (GoP, 1999). 

 

The terrain is highly variegated, flanked in the north and northwest by mountain chains, 

plains of the Indus in the east and the Balochistan plateau in the west. The eastern part of 

Pakistan was created some 50 million years ago, by the breakup of Gondwanaland from 

Africa across the Indian Ocean and attachment to the Asian mainland Palaearctic forms 

which dominate the west and north of Pakistan. In the south-western part some Ethiopian 

forms have been established (GoP, 1999). About 20 million years ago, the drying and 

retreat of the Tethys Sea created the Indus lowlands, while the upheavels dating 13 

million years ago led to formation of the Himalayas. 10 000 years ago, a series of 

Pleistocene ice ages, gave rise to unique associations of unique flora and fauna.  

 

The territory of Pakistan by virtue of including parts of the Hindu Kush, Himalayas and 

Karakoram ranges, is home to some of the world’s highest mountains, inclusive of the 

world’s second highest peak K2 , 8 611 m above mean sea level (amsl). Much of the 

KPK province in addition to FATA and GB plus Azad Jammu and Kashmir (AJK) 

consist of intermontane valleys, and in the west, major parts of Balochistan is covered by 

irregular plateaus. These uneven, dry plateaus have flowing rivers during flash floods, 

which would otherwise be exposed to drought. The KPK/FATA and AJK located west of 

the mountain ranges, enjoy benefits of both precipitation systems, i.e., monsoons and 

western disturbances. Most parts of GB, lying on the leeward side of these mountain 

ranges, receive lesser precipitation. In the east along the Indus River, spacious, irrigated 

plains cover much of Sindh and Punjab provinces, although they too have the Cholistan 

and Thar, respectively, in Punjab and Sindh. The main river of Pakistan is Indus (2 749 

kms within Pakistan) with its tributaries, i.e., the Chenab (730.6 km), Jhelum (611.3 km), 

Ravi (680.6 km), and Sutlej (530.6 km) due to  the presence of extensive irrigation 

structures and seasonal variations in water flows,  the navigable portions of these rivers 

are broken and small. These rivers modify the influence of deserts in their vicinity, 

providing protection from drought vulnerability.  
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Usually, droughts occur in dry, hot areas. In most cases, scanty rainfall, results in dry 

areas. The precipitation that does fall will be blown away by the dry air flow that moves 

along the ground or quickly absorbed into the ground. As drought causes scorching, the 

land is extraordinarily dry and not much biotic life can survive there. Droughts, therefore, 

have a great effect on the food chain. If droughts are prolonged, measures to store water 

are essential. Drought causes the land to be unhealthy, as well. Scorching causes large 

cracks to appear in the earth's crust. As plants cannot survive within areas of dry climate, 

lack of root systems, humus and colloidal material lead to absence of soil structure, 

exposing the area to the vagaries of wind erosion. Thus, location and physiographyy of 

areas on the earth’s surface are prime factors which affect climate and climatic 

parameters that cause the occurrence of climatic extremes, one of which is drought. 

 

2.2 PHYSIOGRAPHY 

 

Pakistan is characterised by exceptional altitudinal limits; the higest peak Mount Godwin 

Austen (K2) (Fig.2.1), in the north, to the Arabian Sea coast, which is the lowest point in 

the south. Spanning north to south the mighty Indus (2 749 kilometers within Pakistan), 

boasts the world’s 7th largest delta. The Indus alongwith its five major tributaries i.e., 

Chenab, Jhelum, Ravi, Sutlej and Beas covering a fertile catchment area especially in 

Punjab and Sindh, is the world’s 12th largest drainage basin (288 000 sq km). The 

northern part of the country straddled by lofty mountain chains, is not only an earthquake 

prone area but highly responsible for the climatic characteristic of the country, with arctic 

and temperate conditions in the north and northwest, respectively, while the rest of the 

country is a desiccated, sun-scorched, dry, desert area. To the west of the Indus, the 

rugged mountains of the submontane area merge with the treeless Kirthar Range in the 

south. Further to the west are the Kharan Basin and the Balochistan Plateau. The western 

border is studded with barren stumpy hills and mountains. The southeast i.e. the border 

with India is straddled by the Thar Desert.  

 



29 
 

Pakistan not only possesses glacial lakes in the Himalayas but also a variety of wetlands, 

mangroves in the coastal areas as well as the Indus delta along with mudflats of the Indus 

plains. The wetland areas cover about 7.8 million ha (19.3 million acres). 

 

Sindh is bounded by the Kirthar Range in the west and by the Thar Desert and Rann of 

Kutch in the east, while the Balochistan Plateau encircled by dry mountains is an arid 

tableland. The landscape of Pakistan can be categorised into five major regions i.e.  

 The Northern Mountains 

 The Pothwar 

 The Balochistan plateaus 

 Western low mountain and 

 Fertile plains of Punjab and Sindh  

Inspite of covering a comparatively small area, Pakistan is characterised by the most 

important biomes or vegetation and climatic zones, which range from coastal mangroves 

to the alluvial plains of the Indus and its tributaries, the arid subtropical habitats, the 

alpine dry steppes to temperate montane and tropical deciduous and thorny forests, across 

alpine, meadows and finally permanent snow and cold desert habitat. 

The customary ocean current source is anti-clockwise during the winter and clockwise 

during the summer (southwest) monsoons. Generally, salinity is 36 000 ppm. Tides are 

intermediate but moderate, having velocity between 01 and 02 knots, which reach 

momentums of 04 knots in narrow creeks. The mean average height is about 03 to 3.5 

meters. Tides are lower on the western and higher on the eastern side. 

 

About 800 km (i.e. 500 mile) of the Makran Coast Ranges forms a narrow strip of steep 

mountains, covering about 75 % of total coast length which rise up to an elevation of 

about 1 500 m (i.e. 5 000 ft). The large part of the coast comprises underdeveloped 

beaches which are desolate with few fishing villages (Fig.2.2). 

 

Fig.2.2    Extremes of Elevation – Pakistan (Source: Author) 
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Notable difference has been found in reported forest area of Pakistan in various official 

documents. Since the independence of Pakistan in 1947, different forest statistics have 

been published by different government departments. The 1993, Forestry Sector Master 

Plan (FSMP) Project (GoP, 1993), aided by Landsat Satellite Thematic Mapper Images, 

reported 4.22 million hectares (mha) of forest in Pakistan i.e., 4.80% of total area, the 

scale of 1:250 000 (GoP, 1993). However, the linear roadside plantings and farmland 

trees, canals and railway sidings and miscellaneous plantations covered about 466 000 ha, 

16 000 ha, and 155 000 ha, respectively were also included in this figure. Excluding 3.59 

mha of the three above mentioned categories of plantations, the total forest area was 

reduced to 4.22 mha, which is approximately 4.10% of the total forest area (Siddiqui, 

1997). 

 

Fig.2.3   Indus River and its Tributaries  

Source: Pakistan Water Gateway (http://www.waterinfo.net.pk) 

2.2.1 Rivers  

 

River flow is an alternative source of water in rainfed areas. Low inflow determines 

hydrological drought. The Indus and its principal tributaries (Sutlej, Beas, Chenab, Ravi, 

and Jhelum), protect the lands of Pakistan from being converted into barren desert and 

provide water to two-thirds of Pakistan. The Indus River is the lifeline of the country. It 

originates in Tibet in the environs of Lake Mansarovar from the glacial streams of the 

Himalayas and enters Pakistan in GB. It flows about 2 900 km (1 800 mi) south westward 

through the entire length of Pakistan and empties into the Arabian Sea. The principal 

tributaries of the Indus first merge at Panjnad (Five Rivers) in south western Punjab and 

subsequently with the Indus, thus forming a mighty river. The Indus spreads out to form a 

marshy and swampy delta as it approaches the Arabian Sea. Karachi seaport is located on 

the west of Indus, while salt marshes i.e. Rann of Kutch lies on the east. Mangrove 

forests and swamps of the delta cover 225 000 hectares (556 000 acres) (Fig.2.3). 

 

2.2.2 Climate  

 



31 
 

Precipitation deficit and high temperature may lead to dry climate of any location on the 

globe. Dry climate areas frequently experience meteorological drought. Pakistan 

experiences diversified climate due to its vast latitudinal extent from north to south and 

also due to large variations in its topography. Pakistan is in the monsoon region but 

experiences a general deficiency of rainfall. Climate in the northern and north eastern 

mountainous and sub-region hills are temperate with an annual precipitation of 1 700 mm 

of which 1 000 mm is during the monsoon. The southern areas experience arid and semi-

arid climate with high temperature and low precipitation. The south western area of 

Balochistan has extremely arid, low elevation plains where mean annual precipitation is 

very low amounting to 30 mm per annum. The South Asian monsoon region experiences 

four seasons, which may climatologically be designated as: 

 Winter   : December to February 
 Pre-monsoon  : March to May 
 Monsoon  : June to September 
 Post-monsoon  : October and November  

However, since Pakistan has a north-south elongated territory with large latitudinal 

variation, these seasons vary in their onset and duration with respect to the location. In 

the north, the winter begins in December and prolongs up to March and pre-monsoon 

extends from April to May. For maintaining consistency with other parts of South Asia, 

this general definition of season for south Asian monsoon region has been used in the 

study.  

 

Topography plays an important role in extreme temperature variation in Pakistan. 

Pakistan has arid climate except in the Himalayas and the sub-mountainous tract has 

humid sub-Tropical climate. Highland climate prevails because of great heights in some 

parts of the extreme north. The chief factors controlling the climate of Pakistan are: 

 

• Sub-tropical location, which keeps summer temperatures high. 

• The temperature of coastal belt is low in summer and warm in winter due to 

maritime influence of the Arabian Sea. 

• Higher altitudes hold the temperature down throughout the year in the west and 

north. 
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• The Monsoonal winds bring rainfall in summer. 

• Mediterranean originated Western Depressions enter into Pakistan from the west 

after a long land journey, bring rainfall in winter. On their arrival in Pakistan, 

these frontal systems lose most of their moisture enpath. 

• A temperature inversion layer about 1 500 m elevation in the south prevents the 

rising of moisture-laden air as well as condensation during summer. 

 

2.2.2.1 Temperature 

 

Pakistan may be divided into four prominent thermal regions:  

a. Hot summer identified in Pakistan along with mild winter: 

Summer temperature 32o C, winter between 10o to 21o C 

b. Warm summer and mild winter  

Summer temperature between 21o to 32o C, winter between 10o to 21o C 

c. Warm summer alongwith cool winter 

Summer temperature 21o to 32o C, winter between 0o to 10o C 

d. Mild summer alongwith cool/cold winter 

Summer temperature 10o to 21o C, winter between 0o to 10o C 

 

2.2.2.2 Rainfall 

 

Monsoon and Western Disturbances are the two prime precipitation source systems that 

bring rainfall to Pakistan. Monsoons contribute about 70% and the Western Depressions 

about 30% amount of precipitation. The former occurs between July and September 

while the latter extends from December to March. In summation, dry climate prevails 

over Pakistan, while scattered areas of GB/AJK experience humid conditions. While true 

humid conditions appear in the highlands and plains of GB/AJK, when the rainfall 

exceeds 750 mm. Central part of GB/AJK, most parts of the Punjab and Balochistan and 

almost the whole of Sindh receive annual rainfall less than 250 mm. The eastern part of 

GB, north-western Balochistan, south Punjab and northern Sindh receive annual rainfall 

less than 125 mm.  
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2.2.3 Agriculture 

 

Agriculture formed the basis of the Indus Valley Civilization in Pakistan, which dates 

back to Neolithic times. However, the deterioration of agriculture has led to the decline of 

the Gross Domestic Product (GDP) from 52 to 24 and 23% from 1950-51 to 1993-94 and 

2004-2005, respectively (GoP, 1994; 2005), the predominant cause being momentous 

gain in growth rates registered by mining, manufacturing and other sectors. Pakistan 

being characterized by subsistence agriculture, 70% of its cropped area is under food 

crops and only 23% under cash crops. Cash crops like sugarcane, cotton, tobacco, etc. are 

cultivated according to demand and need. Cultivated area under cash crops has increased 

to 145 999 sq km (14.6 mha) in 1947-48 to about 221 499 sq km (22.15 mha) in 1993-94 

(GoP, 1994). Between 2005-06, it increases to about 276 792 sq km (27.68 mha), in 

2005-06 (i.e. 90% increase since 1947-48) (GoP, 2006). 

In the present study, the five major categories of classification of Pakistan land area taken 

into consideration apart from Reported and Unreported areas are Forest and Cropped 

Areas and Cultivated Waste. Change of land use pattern has been calculated at a 

sufficient time interval of 46 years i.e. 1947-48 and 1993-94, and depicted in tabular form 

showing Landuse Pattern i.e. Table 2.1. 

 

Table 2.1 

Land use Pattern of Pakistan (mha) 

 
Category 

 

Area 
Geographical Reported Forest Cropped Cultivable 

 Waste 
Unreported 

1993-94 79.61 58.12 3.44 22.15 8.84 21.49 
1947-48 79.61 47.43 2.84 14.60 11.5 32.18 

% Change 0 +7.79 +21.13 +22.92 -16.84 -16.35 
  (Source: UNEP, 1998) 
 

Forest and Cropped Areas have considerably been increased. 16.8% Wasteland has been 

utilized for various productive purposes resulting in the reduction of Un-Reported Area. 

On the basis of the soil map submitted by Soil Survey of Pakistan (7th draft), in June 1993, 

UNEP (1998) has categorized nine major land use classes (Table 2.2). 
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Table 2.2 

Landuse Categories of Pakistan 

S.No. Type of Landuse Area  
(’000 ha) Percentage 

1 Wastelands which also include Ice and Snow 
covered area 

28 501 35.8

2 Rangelands 25 475 32.0
3 Agriculture 21 733 27.3
4 Coniferous Forests 1 353 1.7
5 Water Bodies (only rivers) 1 274 1.6
6 Scrub Forests 796 1.0
7 Riverain Forests 239 0.3
8 Irrigated Plantations 80 0.1
9 Others 159 0.2

Total 79 610 100.0
 (Source: UNEP, 1998) 

Table 2.3 

Area and Production of Seasonal Crops 

S.No. Names of Crops 
Crops Seasons 

Summer (kharif) Winter (rabi) 
1 Cotton -- -- 2 805 1 440 
2 Rice -- -- 2 187 3 995 
3 Gram -- -- 1 045 411 
4 Sugarcane  -- -- 963 44 427 
5 Maize -- -- 878 1 213 
6 Pulses -- -- 432 202 
7 Sugar Beet -- -- 7 243 
8 Wheat 8 034 15 213 -- -- 
9 Sorghum 365 212 -- -- 
10 Millet 303 137 -- -- 
11 Barley 151 212 -- -- 
12 Tobacco  57 100 -- -- 

(Source: UNEP, 1998) 
 

In Pakistan rabi and kharif are two basic cropping seasons, called winter and summer 

crops, respectively. The crops of winter season (rabi) comprise rice, cotton, sugarcane, 

sugar beet, gram and maize. The crops of summer (kharif) include millet, wheat, sorghum, 

tobacco, barley and several pulses. Area (in thousand ha) and production (in thousand 

tonnes) of seasonal crops in 1993-94 have been presented in Table 2.3 (UNEP, 1998).  
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In addition to agricultural runoff, limited resources of natural fresh water and other 

environmental problems e.g., deforestation, soil erosion and ensuing desertification arise 

due to polluted water. Consequently, access to potable water is denied to the masses. 

  

2.3 CONCLUSION 

 

Pakistan has a highly variegated landscape with diversified relief. In the north are the 

sub-continental majestic mountain ranges, viz. the Himalayas, Karakoram and Hindukush. 

The various altitudes are responsible for climatic variations in the country, which 

ultimately have an effect on the type of vegetation. Highland areas, above 5 175 m, of 

Himalayas, Hindukush and Karakoram exhibit some of the world’s highest glacial areas. 

The low altitude areas in the Indus Plains are the hottest. At Moenjodaro, Sindh the 

mercury rose to 53.5o C on May 26, 2010 being the highest ever record in Pakistan (PMD, 

2010).The most important source of water in the country is the Indus river which is the 

water bearer of four provinces, i.e., Sindh, Punjab, KPK/FATA and GB/AJK which 

caters to the demands of domestic, industrial, food production and agricultural sectors of 

Pakistan. The Indus delta, owing to the cyclones from the Arabian Sea, is one of the 

driest in the Indian subcontinent. The plains of the Indus Basin covering vast areas of 

Sindh and the Punjab are rich irrigated areas. Soils of Pakistan though poor in 

Nitrogenous matter are rich in Basic nutrients.    

 

Some of the most diverse features of the country’s landscape are the intersection point of 

the Himalayas, Hindu Kush and Karakoram in the Northern areas, the inter-montane 

valleys of KPK/FATA and GB/AJK, the awe-inspiring rugged plateaus of Balochistan, 

the stark deserts of Thar (Sindh) and Cholistan (Punjab),which are responsible for 

extremes of climate. Aridity, the low precipitation feature, is the key climatic 

characteristic prevailing over major part of Pakistan, which not only affects the soil, but 

also results in limiting the vegetation cover and soil moisture, hence profoundly 

influencing the socio- economic setup of this third world country. 
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Chapter – III 
CLIMATE ATLAS OF PAKISTAN 

 

 

3.1 PREAMBLE 

 

Climate is liable to change with time. That climate is a generalization of weather over an 

extended period (e.g. 30 years), is a very common view. The average of 30 years 

continuous data of permanently located Meteorological Observatories, through out the 

period is said to be Climate Normal. The main elements of climate are temperature, 

precipitation, radiation, humidity and wind. The characteristics of climate include its 

spatial distribution, long-term changes in the average values, etc. The climatic changes 

may be periodic, quasi-periodic or non-periodic in nature (Hare, 1979). Usual 

performance of climate has been an abandoned issue (Hare, et al., 1985; Hare, 1981a; 

White, 1979; Fedorov, 1979). 

 

Researchers and agronomists can use the Climate Atlas prepared on long-term data to 

assess the potential for plant adaptation to suitable climatic conditions. The Atlas 

demonstrates the two most important measured regimes i.e., hydro (water) and thermal 

(temperature) that influence the choice of various management practices, crop yields and 

plant growth. With the help of Climate Atlas based on long-term data, scientists and 

planners can assess the plant traits for plant breeding and/or plant selection and values of 

different plants. (NB: Climate Atlas is a graphical representation of Climatic Normal or 

long-term mean in spatial form. PMD has published Climatic Tables (1881-1940), 

Climatic Normal (1931-1960), Climatic Normal (1961-90) and Climatic Normal (1971-

2000). 

 

The Atlas will provide: 

i. a clear picture of how to direct increasingly scarce agricultural investment 

resources 

ii. help to improve the performance of irrigation systems, water resources and to 

improve crop production 
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iii. to better preserve the earth's environment, preservation of nature, wildlife and 

forests from deterioration 
 

PMD published the Climate Atlas, three decades ago. For objectve generation of maps in 

the new atlas, innovative technique and easy to handle Geographic Information System 

(GIS) has been utilized. Atlas maps have been based on 1961-2010 period of record. 

Averages are computed as arithmetic means over a 50-year period of consecutive records, 

starting 1st January and ending 31st December. 

 

Climate Atlas not only reflects the behaviour of climatic parameter(s), as temperature(s) 

(minimum, maximum, mean, etc.), precipitation, humidity, pressure, wind (speed and 

direction), evapotranspiration, etc. over the region but also reveals their spatial 

distribution. Climate Atlas serves the interests of researchers as well as the public. The 

monthly maps show fluctuation between months e.g. precipitation maps reveal the water 

regime in space and time; temperature maps reveal the thermal state of the region, etc.  

The Climate Atlas of Pakistan has been prepared for understanding the spatial 

distribution of major climatic parameters with reference to drought analysis. Maps reveal 

the average climate in the annual parade of Pakistan. These maps are helpful in 

recognizing drought vulnerable areas.  

 

3.2 DATA USED AND METHODOLOGY 

 

The mean monthly data of climate parameters has been used for selected stations of Pakistan 

for the period 1961-2010 for the preparation of this Climate Atlas. The methodology of this 

study mainly follows the graphical and statistical techniques of analysis. Relative 

humidity is a derived parameter and has been computed according to World 

Meteorological Organization (WMO) formulae prescribed in their Technical Notes 

(WMO, 1966). Wind is a vector parameter. For the general public, PMD bifurcates and 

archives this parameter in two terms, speed as scalar (magnitude), and direction as 

vector (direction); however, vector mathematics has not been applied in any of its 
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further computations. Brief definitions about the parameters have been given in the 

individual sections. 

 

Monthly data have been obtained from PMD. At least 30 years monthly data pertaining to 

the period have been used for inclusion of a climatic station. Annual values have been 

computed, from the 12 monthly values where data for no months were missing. Data of 

total monthly precipitation, total number of rainy days, mean daily, mean daily minimum 

and maximum temperatures, and their range, mean of relative humidity and mean sea- 

level pressure data of 51 meteorological stations for 50 years (for the aforesaid period i.e. 

1961-2010) or as available, have been used. The long term climatic, mean monthly, 

annual and seasonal values have been calculated using these data. Fig.3.1.0 shows the 

locations of the Meteorological Stations under the control of PMD in Pakistan. The list of 

these stations along with the geographical coordinates and elevations is given in 

Table.3.1. Temperature data of 30 stations revealed more or less good temporal coverage 

while those of 31 stations, good coverage for precipitation data. Data of stations showing 

good temporal coverage of both temperature and precipitation have been used for time 

series analysis, in Chapter V.  
 

Fig.3.1.0    Location of Meteorological Stations (abbreviations in Table.3.1) 
 

Table 3.1 
List of Meteorological Stations 

 
S.No. Station Names with abbreviations in brackets ( ) Latitudes 

( oN) 
Longitudes 

( oE) 
Elevation 
(metres) 

1 Astore (AS) 35.37 74.90 2166 
2 Bunji (BU) 35.67 74.63 1372 
3 Chilas (CL) 35.67 74.10 1250 
4 Garhi Dupatta (GD) 34.12 73.62 813 
5 Gilgit (GT) 35.92 74.33 4333 
6 Gupis (GP) 36.17 73.40 2156 
7 Kotli (KO) 33.52 73.90 614 
8 Muzaffarabad (MF) 34.37 73.48 702 
9 Skardu (SD) 35.30 75.68 2181 

10 Barkhan (BK) 29.88 69.72 1097 
11 Dalbandin (DB) 28.88 64.40 848 
12 Jiwani (JI) 25.37 61.80 56 
13 Kalat (KL) 29.03 66.58 2015 
14 Khuzdar (KH) 27.83 66.63 1231 
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15 Lasbela (LS) 26.23 66.12 89 
17 Ormara (OR) 25.42 64.62 2 
18 Pasni (PI) 25.47 63.48 4 
19 Panjgur (PG) 26.97 64.10 980 
20 Quetta (QT) 30.25 66.88 1587 
21 Sibi (SB) 29.55 67.88 133 
22 Zhob (ZB) 31.35 69.47 1405 
23 Balakot (BA) 34.38 73.35 980 
24 Cherat (CT) 33.82 71.88 1371 
25 Chitral (CH) 35.85 71.83 1499 
26 Dera Ismail Khan (DI) 31.82 70.92 172 
27 Dir (DIR) 35.20 71.85 1369 
28 Drosh (DR) 35.57 71.78 1464 
29 Kakul (KA) 34.18 73.25 1308 
30 Parachinar (PC) 33.87 70.08 1725 
31 Peshawar (PS) 34.02 71.58 359 
32 Saidu Sharif (SS) 34.73 72.35 950 
33 Bahawalnagar (BR) 29.95 73.25 162 
34 Bahawalpur (BW) 29.40 71.78 117 
35 Faisalabad (FA) 31.43 73.10 186 
36 Islamabad (RN) 33.62 73.10 507 
37 Jhelum (JH) 32.93 73.72 232 
38 Khanpur (KP) 28.65 70.68 87 
39 Lahore (LR) 31.52 74.33 214 
40 Multan (MT) 31.20 71.43 122 

 
Table 3.1 

List of Meteorological Stations (continued) 
 

S/No. Station Names with abbreviations in brackets ( ) Latitudes 
( oN) 

Longitudes 
(oE) 

Elevation 
(metres) 

41 Murree (MU) 33.85 73.41 2126 
42 Sialkot (ST) 32.50 74.53 255 
43 Badin (BD) 24.63 68.90 11 
44 Chhor  CO) 25.52 69.18 5 
45 Hyderabad (KD) 25.38 68.42 48 
46 Jacobabad (JC) 28.23 68.56 55 
47 Karachi (KC) 24.90 67.13 21 
48 Mohenjodaro (MJ) 27.37 68.10 53 
49 Nawabshah (NH) 26.25 68.37 37 
50 Padidan (PA) 26.85 68.13 46 
51 Rohri (RO) 27.70 68.90 67 

Source: Climate Data Processing Centre (CDPC), PMD, Karachi 
 

The spatial distributions of these climatic parameters have been prepared graphically and 

their behavior investigated. These general features have been included in order to provide 

some initial understanding of Pakistan’s climate. The general characteristics of these 
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parameters, i.e., their monthly, annual and seasonal distributions have been investigated. 

The annual profiles have been investigated, using monthly data. They have been 

discussed, on the bases of mean and total values. The spatial distribution of annual, 

monthly and seasonal precipitation, number of rainy days, temperature, relative humidity 

and mean sea level pressure for the four seasons i.e. winter, monsoon, pre- and post-

monsoon and two agro-meteorlogical seasons rabi and kharif have also been produced 

and discussed. 
 

ArcGIS 9.x provides various tools for spatial data analyses that apply statistical theory 

and techniques to the modeling of spatially referenced data e.g. climatological data viz.; 

temperature, precipitation, etc. and hydrological data viz. stream inflow, outflow, etc. and 

can be represented as surfaces in the form of grids.  A grid is a spatial data structure that 

defines space as an array of cells of equal size that are arranged in rows and columns. In 

the case of a grid that represents a surface, each cell contains an attribute value that 

represents a change in Z value. The location of the cell in geographic space is obtained 

from its position, relative to the grid’s origin.   

 

Two spatial interpolation techniques are available in ArcGIS 9.x  (i) Deterministic 

method creates surfaces from measured points, based on either the extent of the similarity 

(e.g., Inverse Distance Weight) or the degree of smoothing (e.g., splines) (Tobias, et al., 

1985; Creutin, et al., 1982). (ii) Geostatistical method (e.g., Kriging) also utilizes the 

statistical properties of the measured points by quantifying the spatial autocorrelation 

among sample points around the location and also provide some measure of the 

uncertainty or accuracy (Isaak, et al., 1989; Goovaerts, 1997). Krigging is basically a 

‘Best Linear Unbiased Estimation (BLUE)’ technique which makes (i) the mean square 

error the smallest (minimum variance) and (ii) Average Prediction Error (APE) as zero 

(unbiasedness). Kriging has various forms e.g., ordinary, simple, universal, probability, 

indicator, disjunctive and co-kriging, etc. Ordinary Kriging may perform better than other 

more complicated forms of Kriging (Jeffery, et al, 2001; Goovaerts, 2000).  
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To create a surface grid in ArcGIS, the Spatial Analyst extension employs one of several 

interpolation tools. Spline estimates a smooth surface that passes exactly through the 

input points like bending sheet of rubber, which passes through the points and minimizes 

the curvature.  Spatial Analysis technique and Spline Interpolation methods have been 

used in this study with regularized variation option. Regularized spline incorporates slope 

(first derivative), rate of change in slope (second derivative) and change (acceleration) in 

slope (third derivative). 

 

The annual profile of precipitation for selected stations is depicted in Fig.3.1.19. The 

mean seasonal total precipitation has been calculated for winter i.e. December to 

February, monsoon i.e. June to September, pre- and post-monsoon i.e. March to May, and 

October to November, respectively. The agro-meteorological seasonal total precipitation 

has also been calculated for rabi i.e. October, November to April and kharif i.e. May to 

September. Figs.3.1.13 to 3.1.16 depicted the spatial distributions of seasonal 

precipitation for the four seasons, while Figs.3.1.17 and 3.1.18 reveal conditions during 

two agro-meteorological seasons. The spatial distributions of mean monthly total 

precipitation have been illustrated in Figs.3.1.1 to 3.1.l2. 

The mean annual profile of number of rainy days for selected stations is depicted in 

Fig.3.2.19. The mean seasonal number of rainy days has been calculated for winter, 

monsoon, pre- and post-monsoon, and two agro-meteorological seasons i.e., rabi and 

kharif. The spatial distributions of mean seasonal number of rainy days for the four 

seasons are presented in Figs.3.2.13 to 3.2.16 while that for the two agro-meteorological 

seasons are presented in Figs.3.2.17 till 3.2.18. The spatial distributions of mean monthly 

total number of rainy days have been illustrated in Figs.3.2.1 to 3.2.l2. 

 

The annual profile of mean of daily, daily maximum, minimum and daily temperature 

ranges for those stations are depicted in Figs.3.3.19, 3.4.19, 3.5.19 and 3.6.19. The 

seasonal mean daily, mean daily maximum, minimum and mean daily range of 

temperature have been calculated for four seasons i.e. winter, monsoon, pre- and post-

monsoon and rabi and kharif i.e. the two agro-meteorological seasons. The spatial 

distributions of mean daily, mean daily maximum, minimum and mean daily temperature 
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range for the four seasons and two agro-meteorological seasons presented as isothermal 

analyses have been depicted in Figs.3.3.13 to 3.3.18, Figs.3.4.13 to 3.4.18, Figs.3.5.13 to 

3.5.18 and Figs.3.6.13 to 3.6.18. The spatial distributions of mean monthly of daily, daily 

maximum, minimum and temperature range have also been illustrated in Figs.3.3.1 to 

3.3.12, Figs.3.4.1 to 3.4.12, Figs.3.5.1 to 3.5.12 and Figs.3.6.1 to 3.6.12, respectively.  

 

The vapor pressure deficit for April and November have been shown in Figs.3.8.1 and 

3.8.3 for morning and Figs.4.8.2 and 3.8.4 for evening, respectively. The agro-

meteorological seasonal profile of vapour pressure deficit has been depicted in Fig.3.8.5 

for kharif and Fig.3.8.7 for rabi in the morning and Fig.3.8.6 for kharif and Figs.3.8.8 for 

rabi in the evening. 

  

Similarly, the mean monthly (January to December), mean climatic seasons (winter, 

monsoon, pre- and post-monsoon), and mean of agro-meteorological seasons (rabi and 

kharif) and mean annual maps of relative humidity (%) and wind speed (knots) are 

depicted in Figs.3.7.1 to 3.7.19 and Figs.3.9.1 to 3.919, respectively.  

Descriptions for each element have been arranged in categories. 

3.3 PRECIPITATION REGIME  

 

3.3.1 Precipitation  

This element has been computed using recorded data by PMD. The original daily data 

was in tenths of (kg m-2 or mm), with less than 0.05 as trace values. Thirty (30) years 

mean of continuous data pertaining to meteorological observatories, having same location 

through out the period is said to be Climatic Normal of the place. More than fifty (50) 

years data is called Long Term Data. On request of data from 1951, Climate Data 

Processing Centre (CDPC), PMD provided data from 1961 to 2004 i.e. 44 years data. On 

further two requests, data of six (6) years i.e. (2005 to 2007) and (2008-2010) were also 

provided i.e. (1961-2010) which has been used to represent Long Term Data. Due to 

scanty precipitation over space, 25 mm of interval has been used for monthly 

precipitation maps. The scale interval of seasonal and annual maps is 150 mm.  
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3.3.2 Mean Monthly Total Precipitation 

 

Precipitation measurements are made each hour daily at PMD stations viz. 0000, 0100, . . 

. . and 2300 Universal Time Coordinates (UTC). 0300-0300 measurement has been taken 

as daily total precipitation value. The mean monthly total value for the period has been 

computed by montly total period mean. The sum of the daily precipitation values for a 

specific month is evaluated for computation of monthly total. Total of monthly amount 

for a specific year are evaluated for the computation of total annual values. The mean 

yearly total for the period is computed by averaging their yearly values. Twelve (12) 

monthly charts (Figs.3.1.1 to Fig.3.1.12); four (4) seasonal charts; winter; pre-monsoon; 

monsoon; and post-monsoon; two agro-climate season charts; rabi  and kharif (Fig.3.1.13 

to Figs.3.1.18) and one (1) annual chart (Fig.3.1.19) have been produced. Most parts of 

Pakistan face dry climate with several months receiving no rain. The different classes 

have been used for monthly, seasonal and annual time scale for precipitation analysis to 

elaborate volumetric glance. An image of typical rain gauge for manned observation used 

at PMD observatories has been depicted in Fig.3.1.20. 

 

Figs.3.1.1 to 3.1.6 Spatial distribution of Mean Monthly Total Precipitation (mm) for 
the Months of (1) January (2) February (3) March (4) April   (5) 
May and   (6) June over the period 1961-2010 

 

Figs.3.1.7 to 3.1.12 Spatial distribution of Mean Monthly Total Precipitation (mm) for 
the Months of (7) July (8) August (9) September (10) October (11) 
November and (12) December over the period 1961-2010 

 

Figs.3.1.13 to 3.1.18 Spatial distribution of mean seasonal total precipitation (mm) for 
(13) winter (December to February) (14) pre-monsoon (March to 
May) (15) monsoon (June to September) and (16) post-monsoon 
(October, November); and Agro-meteorological total seasonal 
precipitation (mm) for (17) rabi (October to April) and (18) 
kharif (May to September) over the period 1961-2010 

 

Fig.3.1.19  Spatial distribution of mean total annual precipitation (mm) 

 over the period 1961-2010 
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Fig.3.1.20 Typical Rain-gauge for Manned Observation used at PMD Observatories 

 

The terms rabi and kharif are Arabic words meaning spring and autumn, respectively.The 

kharif crop also known as the summer or monsoon crop in Pakistan constitutes the 

autumn harvest, i.e. from October to December. Sowing of these crops usually 

commences with the first rains of the south-west monsoon season in May. Rabi is the 

winter crop in Pakistan, harvested in spring i.e. from mid/late June in different parts of 

the country (ACO, 2010).  

 

3.3.3 Mean Number of Days with Measurable Precipitation 

 

Measurable precipitation during mean number of days ascertaining the monthly value is 

computed by measurable precipitation i.e., at least 2.5 (mm) in a day for a specific month 

while the computation of annual values is made by considering 12 monthly sum of total 

number of days with measurable precipitation. The mean total yearly value for the period 

is computed by averaging their annual values. (Twelve monthly maps, January to June 

(Figs.3.2.1 to Figs.3.2.6) and July to December (Figs.3.2.7 to Figs.3.2.12) four seasonal 

maps i.e. winter, monsoon, pre- and post-monsoon (Figs.3.2.13 to Figs.3.2.16); two agro-

climatic seasonal maps viz. kharif and rabi (Figs.3.2.17 to Figs.3.2.18) and an annual 

map (Figs.3.2.19) have been produced. The ratio of precipitation to that of number of 

rainy days is the mean precipitation per rain day for that specific month. It may be treated 

as intensity of precipitation for the month and over the period. 

 
3.4 THERMAL REGIME OF PAKISTAN 

 

The thermal regime is the basic climatic parameter and used to define the climate and 

agro-ecological zones. The thermal regime is the reference to the amount of heat 

available for acclimatized human beings, plant growth and development during the 

growing period and the heat energy in the atmosphere. It is usually defined by the mean 

daily temperature, for human beings over 24 hours period and for plants during the 

growing period. Thermal zones may be defined, based on mean monthly daily 
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temperature intervals of 5°C or 2.5°C. A more detailed treatment of thermal regimes is 

often required in temperate or subtropical areas. 

 

Figs.3.2.1 to 3.2.6 Spatial distribution of mean monthly total rainy days for the 

months of (1) January (2) February (3) March (4) April (5) May and (6) May over the 

period 1961-2010 

 

Figs.3.2.7 to 3.2.12 Spatial distribution of mean monthly total rainy days for the 
months of (7) July (8) August (9) September   (10) October  

(11) November and (12) December over the period 1961-2010 

 

Figs.3.2.13 and 3.2.18 Spatial distribution of mean seasonal total number of rainy days for 
(13) winter (December to February) (14) pre-monsoon (March to 
May)     (15) monsoon (June to September)   and   (16) post-
monsoon (October, November) and Agro-meteorological total 
seasonal number of rainy days for (17) rabi (October to April) and 
(18) kharif (May to September) over the period 1961-2010 

 

Fig.3. 2.19       Spatial distribution of mean total annual number of rainy days 
 over the period 1961-2010 

 

3.4.1 Mean daily Temperature  

 

According to the WMO standard, the temperature of the atmospheric layer between the 

heights of 1.2 to 2.0 meter above the ground is represented as air temperature. The 

monthly means of daily minimum and maximum temperature data have been collected 

from PMD. Mean daily temperature for the period 1961-2010 has been computed by 

totaling monthly means of daily minimum and maximum temperatures of respective 

months and dividing it by two. The original data was in tenths of a degree Celsius. 

 

A sketched diagram of wooden Stevenson screen installed at weather observatories. Four 

thermometers (maximum, minimum, dry-bulb and wet-bulb) are kept in this white 

painted screen, which shields the thermometers from the snow, rain, sun etc and allows to 

record true air temperature. The maximum and minimum thermometers record highest 



48 
 

and lowest temperatures of the day are usually installed horizontally in the screen. The 

average of these two readings is called mean temperature of the day. Dry-bulb and wet-

bulb temperature record the instantaneous correspondence temperatures. Wet-bulb 

thermometer shows atmospheric water vapour.  These readings are used in the calculation 

of three other derived meteorological parameters viz. dew-point temperature, relative 

humidity and vapour pressure of the atmosphere. A typical Stevenson screen and four 

thermometers installed therein are shown in Fig.3.3.0. 

 

Fig.3.3.0 Sketched diagrams of wooden Stevenson Screen, Maximum, Minimum, 

Dry-bulb and Wet-bulb Thermometers. 

 
Figs.3.3.1 to 3.3.6 Spatial distribution of mean monthly daily temperature (Celsius) 
for the months of (1) January (2) February (3) March (4) April (5) May and June (f) over 
the period 1961-2010 
 
 
Figs.3.3.7 to 3.3.12 Spatial distribution of mean monthly daily temperature (Celsius) 
for the months of (7) July (8) August (9) September (10) October (11) November and 
(12) December over the period 1961-2010 
 
Figs.3.3.13 and 3.3.18 Spatial distribution of mean seasonal daily temperature (Celsius) 

for (13) winter (December to February) (14) pre-monsoon (March 
to May) (15) monsoon   (June to September) and   (16) post-
monsoon (October, November) and Agro-meteorological mean 
seasonal daily temperature (Celsius) for (17) rabi (October to 
April) and (18) kharif (May to September) over the period 1961-
2010 

 
 

Fig.3.3.19     Spatial distribution of mean annual daily temperature (Celsius) for  
the period 1961-2010 

 
 3.4.2 Mean Daily Maximum Temperature  

 

Computation of the mean daily maximum temperatures are made giving the aggregate of 

the daily maximum temperatures of the whole month by the total number of the days in 

that specific month. However, if the number of days for which data is available is less 

than the number of days in that specific month, it is treated as a missing value. The mean 
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monthly of daily maximum temperature for a particular month is computed by dividing 

its aggregate for non missing months by the total number of months for which data for all 

the days is available. Computation of mean annual value is made by dividing by twelve, 

the aggregate for that year. If value of any month is missing it is treated as missing. 

(Twelve monthly, four climatic seasonal, two agro-meteorological mean seasonal charts 

and one annual chart are produced as Figs.3.4.1 to 3.4.19). 

 

Figs.3.4.1 to 3.4.6 Spatial distribution of mean daily maximum temperature (Celsius) 
for the months of (1) January (2) February (3) March   (4) April   
(5) May and   June over the period 1961-2010 

 

Figs.3.4.7 to 3.4.12 Spatial distribution of mean daily maximum temperature (Celsius) 

for the months of (7) July (8) August (9) September (10) October (11) November and 

(12) December over the period 1961-2010 

 

Figs.3.4.13 and 3.4.18 Spatial distribution of mean seasonal daily maximum temperature 

(Celsius) for (13) winter (December to February) (14) pre-monsoon (March to May) (15) 

monsoon (June to September) and (16) post-monsoon (October, November) and Agro-

meteorological mean seasonal daily temperature (Celsius) for (17) rabi (October to April) 

and (18) kharif (May to September) over the period 1961-2010 

 

Fig.3.4.19     Spatial distribution of mean annual daily maximum temperature (Celsius) 
for the period 1961-2010 

 

3.4.3 Mean Minimum Daily Temperature 

 

Computation of the mean minimum daily temperatures is made by dividing the aggregate 

of the daily minimum temperatures of the whole month by the total number of the days in 

that specific month. The computed value will, however, be treated as missing, if the 

number of data is less than the number of days in that particular month. Computation of 

monthly mean of minimum temperature for a particular month is carried out by dividing 

the sum of non-missing months by number of days in a particular month. The 

computation of mean annual value is carried out by dividing the sum of all the twelve 
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months value by twelve. If value of any month is missing the annual value is treated as 

missing. (Twelve monthly, four climatic seasonal, two agro-meteorological seasonal 

charts and one annual chart are produced as Figs.3.5.1 to 3.5.19).  

 

Figs.3.5.1 to 3.5.6 Spatial distribution of mean daily minimum temperature (Celsius)   

for the months of   (1) January (2) February (3) March    (4) April (5) May and (6) June 

over the period 1961-2010 

 
Figs.3.5.7 to 3.5.12 Spatial distribution of mean daily minimum temperature (Celsius) 
for the months of (7) July (8) August (9) September (10) October (11) November and 
(12) December over the period 1961-2010 
 
Figs.3.5.13 to 3.5.18 Spatial distribution of mean daily minimum temperature (Celsius) 
for (13) winter (December to February) (14) pre-monsoon (March to May) (15) monsoon 
(June to September) and (16) post-monsoon (October, November) and Agro-
meteorological mean seasonal daily temperature (Celsius) for (17) rabi (October to April) 
and (18) kharif (May to September) over the period 1961-201 
 
Fig.3.5.19     Spatial distribution of mean annual daily minimum temperature (Celsius)  

for the period 1961-2010 
 
3.4.4  Mean Daily Temperature Range  

 

Computation of mean monthly values is made by taking the mean of the monthly means 

for the desired period. Monthly means are calculated from their daily values. Mean of the 

sum of the differences between daily minimum and daily maximum temperature gives the 

monthly daily temperature range. Computation of the mean annual value is possible by 

taking the desired period mean of the yearly means, while, yearly means are computed by 

taking the average of their 12 monthly mean values. (Twelve monthly, four climatic 

seasonal, two agro-meteorological seasonal charts and one annual chart are produced as 

Figs.3.6.1 to 3.6.19).  

 

Figs.3.6.1 to 3.6.6 Spatial distribution of mean daily range temperature (Celsius) for 
the months of (1) January (2) February (3) March (4) April  

(5) May and (6) June over the period 1961-2010 
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Figs.3.6.7 to .6.12 Spatial distribution of mean daily minimum temperature (Celsius) 

for the months of (7) July (8) August (9) September (10) October (11) November and 

(12) December (Fig.3.6.12) over the period 1961-2010 

 

Figs.3.6.13 to 3.6.18 Spatial distribution of mean daily range temperature (Celsius) for 

(13) winter (December to February) (14) pre-monsoon (March to May) (15) monsoon 

(June to September) and (16) post-monsoon (October, November) and Agro-

meteorological mean seasonal daily temperature (Celsius) for (17) rabi (October to April) 

and (18) kharif (May to September) over the period 1961-2010 

 

Fig.3.6.19 Spatial distribution of mean annual daily range temperature (Celsius) 
for the period 1961-2010 

 
3.4.5 Relative Humidity 

 

Humidity is the amount of water vapor held by atmospheric air, at a given temperature. 

Air being a carrier of moisture, air humidity is usually referred to as the relative 

humidity. Relative humidity is the ratio of the actual amount of water amount present in 

the atmosphere to the amount of water that the air can hold at a given temperature. 

Relative humidity does not have any unit, since the units of both numerator and 

denominator of this ratio are same. It is expressed in terms of percentage, which means 

that it is multiplied by 100. It is a derived meteorological parameter. 

 

Temperature and pressure determine the quantity of water molecules present in air. High 

temperatures, which enhance the water vapour holding capacity, often termed as the 

Mixing Ratio is the actual moisture content of the air and is assessed as grams of water in 

each kilogram of dry air. Saturated air is one which is incapable of holding any additional 

amount of water vapor and relative humidity is said to be hundred percent. 

 

Calculation of relative humidity by the PMD is by means of wet and dry-bulb 

thermometer readings. Evaluation of relative humidity is possible when the two different 

temperature readings are combined with a Mollier chart. This chart depicts the relation 
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between the air temperature and its moisture content (the relationship between air 

temperature and its moisture content is depicted in this chart).  

 

When the air becomes saturated, i.e. relative humidity 100 percent, there will be no more 

evaporation from the muslin of the wet bulb thermometer and in both thermometers the 

temperature will remain the same. During hot weather, relative humidity has a major role 

with reference to human comfort, as evaporation of perspiration is delayed due to its 

increase.  

 
Fig.3.7.0      Mollier Chart represents relation between air temperatures 

           and their moisture contents (Source:Mollier, 1923) 
 
Figs.3.7.1 to 3.7.6 Spatial distribution of mean monthly relative humidity (%) for the 

months of (1) January (2) February (3) March (4) April  
(5) May and (6) June over the period 1961-2010 
 
 
Figs.3.7.7 to 3.7.12 Spatial distribution of mean monthly relative humidity (%) for the 

months of (7) July (8) August (9) September (10) October (11) 
November and (12) December (Fig.3.7.12) over the period 1961 to 
2010 

 
 
Figs.3.7.13 and 3.7.18 Spatial distribution of mean seasonal relative humidity (%) for (13) 

winter (December to February) (14) pre-monsoon (March to May), 
(15) monsoon (June to September) and (16) post-monsoon 
(October, November) and Agro-meteorological mean seasonal 
daily temperature (Celsius) for (17) rabi (October to April) and 
(18) kharif (May to September) over the period 1961-2010 

 
 

Fig.3.7.19        Spatial distribution of mean relative humidity (%) 
 over the period 1961-2010 

 
3.4.6 Vapour Pressure Deficit 

 

Relative Humidity (RH) is probably still the preferred method used by experienced 

growers as a measure of water vapour in the air. The amount of water vapour present in 

the air directly effects plants’ ability to grow and transpire. Vapour Pressure Deficit 

(VPD) measure, the combination of humidity and temperature, is also used to indicate 
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humidity and more directly related to plants’ wellbeing. VPD is high when RH is low and 

vice versa. If VPD is high (i.e. low humidity), the stomata on the leaves tend to close and 

prevent wilting and control transpiration, photosynthesis, the rate of CO2 uptake and 

consequently reduces turgidity (water pressure within the plant cells) and restricts plant 

growth. Conversely, if VPD is low (i.e. high humidity) the stomata will fully open and 

the plants will be unable to evaporate enough water to carry minerals into the plant, 

resulting in fungal problems, soft growth and mineral deficiency symptoms (particularly 

calcium) may occur. 

 

VPD forms a better basis for environment control, more closely in relation to temperature 

and humidity. The calculated VPD is still a useful measure, within the crop canopy, as a 

combination of both humidity and temperature that approximates the well-being of the 

crop. It is suggested that for many crops RH should be kept between the limits at the 

stated temperatures. More humidity is required by plants at higher temperature.  

Generally, most plants grow well at VPDs of between 0.8 to 0.95 kPa. Heating and 

dehumidification is usually applied at VPDs below 0.45kPa and fogging or other 

humidification at VPDs above 1.25kPa and VPD can be used to identify healthy air 

moisture conditions for plant production, while taking into account different temperature 

levels. 

 

Dehumidification process adjusts the balance of water in the air by removing moisture in 

it. The difference between the amount of saturated air and actual moisture held in the air 

is called Vapor Pressure Deficit (VPD). VPD functions as a convenient indicator of the 

condensation potential because it quantifies how close the air is to saturation. The air is 

saturated when it reaches maximum water holding capacity at a given temperature (also 

called the dew point). Adding moisture to air beyond its holding capacity leads to 

deposition of liquid water somewhere in the system. Vapor pressure (ea) is a 

measurement of how much water vapor is in the air, i.e., how much water in gas form is 

present in the air. More water vapor in the air means greater water vapor pressure. When 

the air reaches maximum water vapor content, the vapor pressure is called the saturation 

vapor pressure (es), which is directly related to temperature. Thus, the difference between 
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the saturation vapor pressure and the actual air vapor pressure (es – ea) is the 

mathematical definition of VPD.  

According to FAO (FAO, 1998), VPD is defined and calculated as:    as eeVPD −=  

Where ⎥
⎦

⎤
⎢
⎣

⎡
+

=
3.237
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ea = actual vapour pressure at the dew point temperature Td in oC. 
es = saturation vapour pressure at the maximum and minimum temperature Tmax and Tmin 
in oC. 
exp […] =  exponential base of natural logarithm 
 
Figs.3.8.1 and 3.8.2 Spatial distribution of vapour pressure deficit (hPa) for sowing 

period of kharif (month of April) in the (1) morning and in the  
(2) afternoon over the period 1961-2010 

 
Figs.3.8.3 and 3.8.4 Spatial distribution of vapour pressure deficit (hPa) for sowing 

period of rabi (month of November) in the (3) morning and in 
the (4) afternoon over the period 1961-2010 

 
Figs.3.8.5 and 3.8.6 Spatial distribution of Agro-meteorology mean seasonal vapour 

pressure deficit (hPa) for kahrif period (May to September) in the 
(5) morning and in the (6) afternoon over the period 1961-2010 

 
 
Figs.3.8.7 and 3.8.8 Spatial distribution of Agro-meteorology mean seasonal vapour 

pressure deficit (hPa) for rabi period (October to April) in the  
(7) morning and in the (8) afternoon over the period 1961-2010 
 
3.4.7 Wind Speed 

 

Wind speed is measured with the help of an anemometer. Depending on the speed of the 

wind, the cups attached to this device, spin around when caught by the wind. The number 

of times the device spins, within a specified time period is recorded by a recording 

device. Wind speed is recorded in knots to the nearest unit and represents, an average of 

10 minutes time interval. The mean monthly wind speed and direction have been 

calculated by the following formula:  
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In meteorology, wind direction indicates, from where the wind is blowing. Wind 

direction is recorded at meteorological observatories by the help of wind vane and 

reported in true direction (viz. N, NE, E, SE, etc) or in degrees 0 to 359. The topographic 

features have some effect on wind measurements. Generally, wind anemometer is 

mounted at an elevation between 9 to 10 meters but not less than 6 meters (NOAA, 2012) 

and horizontally about 60 to 100 meters in obstruction-less surrounding (WMO, 1996). 

This meteorological parameter may be recorded without instrument by naked eye 

observation. Francis Beaufort devised wind force scale, which is useful for observing 

conditions at sea or land. This scale does not match with Safire–Simpson Scale used for 

hurricane force wind (Met. Office UK published Francis Beaufort’s work with his 

original manuscript of 1805 which was used officially for the first time during December 

1831 to October 1836, as fact sheet 6 – The Beaufort Scale and available at British 

Meteorological Office website: 

 http://www.metoffice.gov.uk/learning/library/publications/factsheets ). 

A pictorial staging of Beaufort Wind Force Scale and his original manuscript have been 

given as Annexure I. Pictures elaborate the behaviour of wind on local surface. BBC 

radio has used this scale for Shipping Forecast. 

 

Figs.3.9.1 to 3.9.6 Spatial   distribution   of   mean   monthly   wind speed (knots) for 

the months of (1) January (2) February (3) March (4) April (5) May and (6) June over the 

period 1961-2010 

 

Figs.3.9.7 to 3.9.12 Spatial distribution of mean monthly wind speed (knots) for the 
months of (7) July (8) August (9) September (10) October 

          (11) November and (12) December (Fig.3.6.12) over the period 
1961-2010 

 

Figs.3.9.13 to 3.9.18 Spatial distribution of mean monthly wind speed (knots) for (13) 
winter (December to February) (14) pre-monsoon (March to May) 
(15) monsoon (June to September) and (16) post-monsoon 
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(October, November) and Agro-meteorological mean seasonal 
daily temperature (Celsius) for (17) rabi (October to April) and 
(18) kharif (May to September) over the period 1961-2010 

 

Fig.3.9.19        Spatial distribution of mean wind speed (knots) 
 over the period 1961-2010 

 

3.5. FINDING 

 

3.5.1 Precipitation Regime of Pakistan 

 

The spatial distribution of seasonal and annual precipitation is depicted in Figs.3.1.13 to 

3.1.19. It shows that the seasonal patterns of precipitation have heterogeneous spatial 

and seasonal characteristics. The northern part of the country receives high precipitation. 

Very high precipitation in the range 1000-1800 mm is received at Murree (1794.2 mm), 

Balakot (1597.8 mm), Muzaffarabad (1524.4 mm), Dir (1369 mm) and Islamabad (1188.7 

mm). The central and southern parts receive very low precipitation. Nokkundi and Dalbandin 

have very low average precipitation of 36.4 and 85.2 mm respectively, per year. The stations 

Moenjodaro, Rohri, Khanpur, Panjgur and Jacobabad receive low average precipitation in 

the range 96.9 – 111.3 mm per year. The northern high mountain areas where the stations 

Gupis, Gilgit, Bunji, Chilas and Skardu are located, experience very dry conditions with 

annual precipitation ranging between 152.4 – 213.2 mm. There is considerable spatial 

variability in the annual/seasonal distribution of precipitation. Some areas have dominant 

precipitation during monsoons, others during winter and pre-monsoon, while the rest during 

both monsoon and pre-monsoon seasons. Investigation of temperature and precipitation 

against the topographic pattern of Pakistan has revealed that the temperature and 

precipitation regimes of the country are highly influenced by topography. 

 

The spatial distribution of the annual precipitation (Fig.3.1.19) and that for the four seasons 

viz. winter (Fig.3.1.13), pre-monsoon (Fig.3.1.14), monsoon (Fig,3.1.15) and post-monsoon 

(Fig.3.1.16) show that northern part of Pakistan receives very high annual precipitation 

except the extreme northern mountainous region, which is very dry. The distribution 

further shows that the maximum annual precipitation occurs in the north eastern part of 
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Pakistan. Over this region, most of the contribution to the annual precipitation comes from 

the monsoons, followed by pre-monsoon and winter. The post-monsoon witnesses 

minimum precipitation all over the country.  

 

The figures also show that the north western region receives relatively high precipitation, 

most of it during the pre-monsoon and winter seasons with a maxima in the latter. Climate 

over this area is mostly subtropical, dominated by western disturbances. The central, 

southwestern and southeastern parts of the country receive very low precipitation, thus 

are highly arid. Over a vast region in the central and southeastern part of Pakistan, 

precipitation is very low; annual precipitation being below 200 mm. Some areas have 

precipitation below 100 mm. The southeastern part receives most of its precipitation 

during the monsoon period but the amount during this period is very small (between 50 – 

200 mm). The pre-monsoon precipitation is very scanty over this region (around 20 – 50 

mm), while post-monsoon is extremely dry over most parts of the country. Most of the area 

has precipitation between 5 – 15 mm. The northern part has some more precipitation, while 

overall ranges are between 30 – 100 mm. 

 

The extreme southwestern and adjacent west central part of the country receives 

precipitation ranging between 40 – 120 mm in winter and 20 – 150 mm during the pre-

monsoon seasons. The southwestern part including Balochistan receives most of its 

precipitation during the winter season (December–February & March–May). During, the 

monsoon period, it is very dry in the southwest, but the precipitation in the range of 50 – 100 

mm is received over the west central side, to the north of Quetta. The post-monsoon is very 

dry, providing extremely low precipitation (5 – 10 mm). Though the south eastern part 

receives most of its precipitation from the monsoon, the amount is relatively small. 

 

The annual trend analysis of precipitation over the period shows that maximum area of 

Pakistan reveals an increasing tendency up to 4.0 mm in general. Islamabad has exhibited 

7.2 mm, while extreme eastern and western parts show a decreasing tendency 

(Fig.3.1.20).  
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The spatial distribution of seasonal precipitation over Pakistan shows that for the 

winter, pre and post-monsoon, the precipitation maximum is focused in northwestern 

Pakistan but that for the monsoon season is located over the northeastern part. The 

geographic distribution of precipitation shows that very high precipitation is mostly 

concentrated over the mountainous region up to 35.2°N, which implies that 

orography plays an important role in precipitation distribution. Pakistan is 

characterized by strong spatial heterogeneity with dry in the central and southern part and 

wet over the hilly and mountainous regions in the north up to around 35°N and dry over 

the extreme northern mountains beyond 35°N.  

 

3.5.2 Thermal Regime of Pakistan 

 

Mean monthly temperature data of 51 stations for the period 1961 – 2010 (i.e. 50 years) or as 

available have been used. The long-term climatological mean of the monthly minimum and 

maximum temperatures have been estimated, using these data. The annual profile of 

maximum and minimum temperatures has been drawn. 

 

The spatial distributions of monthly mean daily temperature are shown in Figs.3.3.1 to 

3.3.19, while monthly mean daily maximum and minimum temperatures are shown in   

Figs. 3.4.1 through 3.4.19 and 3.5.1 through 3.5.18, respectively. Monthly mean of range of 

daily temperatures are shown in Figs. 3.6.1 through 3.6.19. 

 

Figs.3.5.5 and 3.5.6 reveal the mean maximum temperature obtained for May-June, with a 

few exceptions, i.e. Chitral, Drosh, Gupis, Gilgit and the surrounding region located in the 

northern high mountains and Dalbandin, Nokkundi, Katal and Quetta located in the south 

western highland areas where the peak of monthly mean daily maximum temperature is 

recorded in July. Relatively high temperature is maintained from May to October and low 

temperature is found to occur from December to February, with the lowest mean monthly 

of daily maximum January temperature. A few stations show bimodal characteristics in the 

annual variation with a secondary minimum in August. For some stations the bimodal 

nature is not very clear as the second peak is not prominent. The annual variation of 
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mean monthly of daily minimum temperature shows only one peak in July. The lowest 

mean monthly of daily maximum and minimum temperatures have been observed in 

January. 

 

Coastal stations of Karachi, Pasni and Jiwani exhibit clear bimodal nature of annual 

variation of mean monthly daily maximum temperature. Primary maximum have been 

observed for May-June and the secondary maximum in October. The primary and 

secondary lowest mean monthly daily maximum temperature occurs usually in the months 

of January and August. Highest mean monthly daily maximum at Karachi is found to be 

35.5°C, at Pasni 35.0°C and at Jiwani 34.0°C, during May-June. The temperature decreases by 

about 3°C in August and subsequently increases until the secondary maximum is reached in 

October. The monthly mean of daily minimum exhibits only one peak i.e. in June with 

recorded values of 27°C at Jiwani and Pasni and 28°C at Karachi. The monthly mean of 

daily minimum in January is 14°C at Jiwani, 12.5°C at Pasni and 10.7°C at Karachi. The 

amplitudes of annual variation for mean monthly daily minimum at Jiwani, Pasni and 

Karachi are 13°C, 14°C and 17°C, while that for mean monthly daily maximum is 10°C, 

10°C and 9°C, respectively. The diurnal variations of mean monthly daily maximum and 

minimum is around 10°C, 12°C and 15°C in January for Jiwani, Pasni and Karachi, 

respectively; while these variations have amplitudes of around 7°C at Jiwani, 8°C at Pasni 

and 13°C at Karachi in June. Thus, it shows that the diurnal variation is stronger in winter 

than in summer. Over this region, independent of the seasons, the amplitude of variations 

increases from west to east. 

 

Fig.3.3.19 shows that Hyderabad, Jacobabad, Bahawalpur, Nawabshah, Multan, 

Moenjodaro, Jacobabad, Sibi and other stations are situated in the very warm (arid) 

zone. The mean monthly daily maximum temperatures of these and other nearby 

stations are very high ranging from 42-45.8°C. Moenjodaro, Jacobabad and Sibi 

record very high means of daily maximum temperature in June 44.3, 44.4 and 45.8°C, 

respectively, thus emerging as the warmest place of this region. Very high temperatures 

with relatively lower values occur at nearby stations as Dalbandin, Nawabshah, 

Bahawalpur, Multan and Dera Ismail Khan (D.I.Khan), which have the peak monthly 
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means of daily maximum temperature between 41.6-43.4°C. The months of April to 

October show very warm climate. The highest mean monthly daily maximum 

temperature for January is (26.8°C at Lasbela and next highest value 26.4°C at Chhor) 

which is the same region as in June, but extends more towards the south, up to the 

coastal zone. The minimum temperature shows unipeak variation with maximum in 

June and minimum in January. The January monthly mean of daily temperature 

around 6-l1°C is obtained at Jacobabad, Sibi, Nawabshah and Hyderabad, while the 

other stations mentioned here have cooler mean monthly daily minimum temperature, 

which is approximately 5°C in January. 

 

Dalbandin and Nokkundi stations in southwest Balochistan exhibit very high 

temperatures during summer with monthly mean daily maximum temperature of around 

42-43 °C in June and July. These areas are very hot and dry and comprise the hyper arid 

region of Pakistan. The distribution of monthly mean minimum daily temperature shows 

that this area experiences relatively cool winters with mean minimum temperature of 

1.2°C at Dalbandin and 4.12°C at Nokkundi in January. The amplitude of annual 

variation of monthly mean maximum and minimum daily temperature is around 24°C. 

The range of diurnal variation in summer is around 16.5°C. 

 

Relatively lower values of monthly mean maximum daily temperature in the range 

between 30-37°C have been recorded in June over the mountainous regions, on the 

western and north western areas of Pakistan. Very low monthly mean of daily 

maximum temperature in June is observed over the northern high mountains at the 

stations Astore (24.4°C), Murree (25.5°C) and Gupis (28.5°C). In the northern 

mountains, the highest mean monthly daily maximum temperature of 39.5°C is observed 

at Chilas in July. The other stations Chitral, Gilgit, Bunji and Drosh have mean monthly 

daily maximum temperature of around 36.0-36.8°C also in July. Mean monthly daily 

maximum temperature of January in the mountainous regions located in the western, 

northwestern and northern areas of Pakistan varies within a range of around 7-l1°C, 

with some exceptions. The amplitude of annual variation of monthly mean of daily 

maximum temperature is around 20-25°C. Stations, which have shown these 
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characteristics, are Quetta, Zhob, Parachinar, Cherat, Dir, Saidu Sharif, Gilgit, Bunji, 

Drosh and Muree. The stations Gupis, Astore and Skardu situated over very high 

mountains in the extreme north have January monthly mean daily maximum temperature 

4.0, 2.5 and 2.6°C, respectively. January records the lowest mean monthly daily 

minimum temperature. Over the mountainous areas this temperature varies from -8.0 to 

2.0°C, depending on the latitudinal position and elevation of the stations from the sea 

level. The lowest value of monthly mean of daily minimum temperature (-8.0°C) is 

obtained at Skardu, which is at a height of 2 209 m. Other stations like Gupis and Kalat 

record mean monthly daily minimum temperatures of -5.4°C and -4.1°C, respectively. 

Mean daily minimum temperature recorded for June over the western and northern 

mountain regions is between 13.9 – 23.7°C. The diurnal range of variation is around      

12 -15°C in the monsoon period. The amplitude of annual variation of mean monthly daily 

minimum temperature is around 18-22°C. 

 

The geographic distribution of mean monthly daily maximum and minimum temperatures 

of January are depicted in Figs. 3.4.1 and 3.5.1. From the figures, it can be seen that the 

southern and southeastern part of the country have comparatively warmer winters, while 

the west, northwest and northern mountains, along with the highland areas have cold 

winters. The spatial distribution of mean monthly daily maximum and minimum 

temperatures of June are shown in Figs.3.4.6 and 3.5.6. These figures show that the 

central, east central, the adjacent southeastern and southwestern parts of the country 

have very high temperatures. These areas comprise the highly arid zone of the country. 

The south western part of the country shows very high temperature during pre-monsoon 

and monsoon period. All these figures reveal that the hill and mountain slopes show 

strong gradient of temperature. The 25°C isotherm of monthly mean daily minimum 

temperature in June encloses more or less the same area as that of 40°C, indicating that 

both days and nights are hot over this part of the country. The diurnal variations in mean 

monthly daily maximum and minimum temperatures (deduction of minimum from 

maximum) for January and June are shown in Figs.3.6.1 and 3.6.6, respectively. The 

southeastern and southeast central, adjacent eastern and southwestern zones show high 

diurnal variation with maximum in the southeastern side in January. However, south 



62 
 

western Pakistan (Balochistan) has the highest diurnal range of variation of temperature in 

June. Northern Pakistan also has moderately large diurnal fluctuation in January and 

July. The large diurnal variation of surface air temperature is an indicator of the dryness 

of the soil. The higher amplitude of diurnal variation means lower thermal inertia and 

lower soil moisture while the lower amplitude of diurnal variation indicates higher 

moisture in the soil. 

 

Investigation of highest maximum temperature reveals that the highest monthly mean 

maximum daily temperature of 52°C has been observed at Sibi during the period. The 

next highest values were observed at Dalbandin (51.4°C), Jacobabad (51.1°C) and at 

Lasbela (50°C) during the same period. The lowest minimum temperature as observed at 

Quetta, Kalat, Parachinar and Dalbandin are -18.3°C, -17.2°C, -15.0°C and -12.2°C, 

respectively. The above information was based on the statistics provided by Climatological 

Normals of Pakistan (1961–1990), (PMD, 1992b). 

3.5.3 Atmospheric Humidity 

 

The spatial distribution of the annual relative humidity (%) (Fig.3.7.19) and that for the 

four climate and two agro-meteorological seasons viz. winter (Fig.3.7.13), monsoon 

(Fig.3.7.15), pre- and post-monsoon ((Fig.3.7.14 and Fig.3.7.16), followed by rabi 

(Fig.3.7.17) kharif (Fig.3.7.18) show that maximum areas of Pakistan become more humid 

in July and August, due to peak monsoon activity over Pakistan, especially the eastern 

parts. The distribution further shows that maximum humidity occurs in the coastal belt of 

Pakistan i.e. Sindh and Balochistan coast. Jiwani, here, is the most humid from February 

to July, while in the northern areas it encompasses the area between Drosh, Saidu Sharif 

and Chilas. Except for July, November, December and January, when Murree to Sialkot 

belt are more humid, north and northwestern Balochistan emerge as least humid, in the 

course of years. Minimum mean relative humidity (16%) has been found at Dalbandin in 

June, while maximum (84%) at Murree, in August, annual mean relative humidity has 

been found between 16-84%. There are scattered and scanty areas indicating low/high 

humidity in various months. High humid profile has been identified through out the path 

of Indus River. Most parts of the country i.e. northeastern, northwestern, eastern and 
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southern areas under the influence of monsoon reveal humid atmospheric conditions. The 

western part and extreme northern mountainous parts receive less humidity. During pre and 

post-monsoon seasons dry air prevails throughout Pakistan. During the winter season the 

northwestern and northeastern parts record more humidity than other parts of the country, 

except the coastal belt, where high percentage of humidity is a permanent feature. Agro-

meteorological kharif and rabi seasons show a somewhat similar pattern but during kharif 

humidity is higher than in rabi (Fig.3.7.17 and Fig.3.7.18).  August is the most and May the 

least humid months (Figs.3.7.8 and 3.7.5). Western part of the country is drier than the rest of 

the country (Figs.3.7.1 to 3.7.12). 

 

3.5.4 Vapour Pressure Deficit  

 

Figs.3.8.1 and 3.8.2 show spatial distribution of mean monthly vapour pressure deficit 

(hPa) for the kharif sowing as well as rabi harvesting period (April) and Figs.3.8.3 and 

3.8.4 for the rabi sowing as well as kharif harvesting period (November) in the morning 

and afternoon. The VPD in the morning and/or evening ranges between 2.0 to 3.5 in 

Sindh and Punjab. The whole coastal belt of Pakistan has 1.0 to 2.0, northern and north 

western part has 0.5 to 1.5 and extreme western part has 2.5 to 3.0 in April and from the 

coastal belt in the south to northern mountains about 0.5 to 2.0 in the month of 

November.  Figs.3.8.5 and 3.8.8 depict the kharif and rabi seasonal vapour pressure 

deficit. The whole country has 0.5 to 2.0 in the rabi season and it ranges from1.5 to 3.5 in 

the vast middle area of the country, while, the coastal belt and the northern border have 

low values between 1.0 to 2.0 hPa.  

 

3.5.5 Wind Speed  

 

Figs.3.9.1 to 3.9.17 show spatial distribution of mean monthly, seasonal and annual wind 

speed (knots). They depict that the seasonal patterns of precipitation have heterogeneous 

spatial and seasonal characteristics. The western part of the country records high wind 

speed almost throughout the year, while high speed wind blow in the southern part i.e. 

coastal belt of Pakistan.  High wind speeds are also recorded in and around the vicinity of 
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Quetta valley, as well as at and south of Cherat area. Almost the same scenario has been 

reflected in mean seasonal and annual analysis maps (Figs.3.9.13 to 3.9.17).  From 

October to January, eastern parts of the country record lesser speed than the rest of the 

country. June is the windiest month in Punjab province. Some pockets have been 

identified as less windy e.g. the belt from Lasbela towards the north-west-north upto 

Dalbandin. The mean monthly lowest wind speeds of 0.35, 0.65, 0.83, 0.95, 1.28, 0.59, 

0.4, 0.31, 0.38, 0.21, 0.23 and 0.5 knots, respectively, from January to December, were 

recorded at Saidu Sharif. However, the lowest recorded was 0.2 knots at Sialkot in 

October. The highest mean monthly speed was 6.88, 7.05, 6.81 and 7.75 knots at Cherat 

in January, February, November and December, respectively, 7.5 knots at Quetta in 

March, 8.22 and 9.51 at Ormara in April and May, respectively, 11.18, 12.23, 12.52 and 

9.17 at Nokkundi from June to September, respectively, and 6.1 at Pasni in October. 

 

 

3.6 CONCLUSION 

 

Pakistan is a country with extremely diversified precipitation. The reason of such diversity 

is due to highly variegated topography, latitudinal variations and different weather regimes. 

The distribution of precipitation shows that the post-monsoon season is very dry, almost 

all over Pakistan. The geographic distribution of precipitation shows that the very high 

precipitation is mostly concentrated over the mountainous region, which implies that 

orography plays an important role in its distribution. The orographic impact of precipitation 

has been investigated for the low mountainous region of northern Pakistan extending from 

Lahore in the south to Dir in the north and it was found that precipitation and elevation 

have a linear relationship. Thus, Pakistan is characterized by strong spatial heterogeneity, 

with dry in the central and southern parts and wet over the hilly and mountainous regions 

in the north up to around 35°N and dry climate beyond this, over the extreme northern 

mountains. 

 

The distribution of mean monthly minimum temperature shows warming tendencies 

dominant over the southern, southeastern and southwestern Pakistan. A narrow zone of 
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warming extends through central Pakistan, towards the north covering Islamabad, 

Balakot, Drosh, Skardu, Astore and Chilas. Strong cooling is observed in a pocket 

located in the northwestern part of Pakistan with maximum cooling at Parachinar. Some 

cooling is observed in the northeast, at Sialkot. A large area of Pakistan does not exhibit 

noticeable changes. The analysis clearly indicates that, mean minimum temperatures with 

warming tendencies, are very strong and prevail over a large area of the country. 

 

Most areas of Pakistan have experienced strong warming in mean maximum temperature 

except in a narrow strip from the south eastern coastal zone up to the north eastern part of 

Pakistan, along the eastern border. Such pattern is not found for mean minimum 

temperatures. Relatively mild warming is found in the northern part, except in Chitral. 

 

The distribution of mean monthly temperature exhibits warming over most parts of the 

country, except a narrow zone oriented along the southeast to northwest along the eastern 

border where moderate cooling, similar to mean minimum temperature are observed. 

 

Pakistan has a heterogeneous distribution of warming and cooling trends. The warming 

process is dominant over southern and southwestern part of the country, while cooling 

process is dominant in the northern and eastern parts of the country. Warming is more 

dominant during post-monsoon and winter seasons except over a narrow strip extending 

from the eastern side, beginning from the eastern coastal area up to the northeastern 

corner. The warming trend is experienced over the south western and southern parts of 

the country, covering southern and central Balochistan. Warming is stronger for 

minimum and maximum temperatures, while for cooling it is the reverse for most of the 

stations, with some exceptions.  

 

Mean wind speed prevailing through out the country is between 2 to 6 knots, not 

exceeding 13 knots. 

 

In general, relative humidity is found to be sufficient along the coastal belt, around water 

bodies and rivers. The entrance face areas of monsoon extending over Murree to Sialkot 
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belt and western disturbance weather systems between Dir, Saidu Sharif and Chilas also 

show high relative humidity. 

 

Vapour Pressure Deficit (VPD) is quite suitable for rabi season and slightly less suitable 

for the kharif season. 

 

It thus ensues that climatic conditions, especially its extremes have profound impact on 

socio-economic parameters of life. 
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Chapter – IV 
CLIMATE CLASSIFICATION ANALYSIS 

 
 
 
4.1 PREAMBLE  

 

Latin ‘clima’ (pl. ‘climat’) or Greek ‘kilma’ (slope or lean) or Middle English or Old 

French refers to the word Climate. Climatology is the statistical meteorology or inference 

of basic statistics on Meteorology (Pettersson, 1941). Egyptians and the Hellenistic were 

conscious of the profound effect of latitude on seasonal variation and climate. In the 

ancient ages i.e., about sixth century BC Permanide defined climate on the basis of solar 

concentration viz. Frigid, Temperate and Torrid (Gramelsberger, et al., 2011). In about 

350 BC, Aristotle redefined it under limitations of Arctic/Antarctic and Horse Latitudes 

with northern and southern hemispheres.  

 

Several Europeans redefined climate (of world and/or various countries) e.g. based on 

temperature ,Von Humboldt and Alexander (1817), Köppen Wladimir (1884a); based on 

precipitation Loomis (1882), Supan (1898); based on  temperature and/or related to plants 

Linnaeus and Carolus (1735), De Candolle (1874), Von Humboldt, Alexander  and 

Bonpland (1807), and Grisebach (1838 and 1866), Supan (1879), Drude (1884); based on 

clouds Howard Luke (1803a, 1803b); based on airmasses, fronts and weather Bergeron 

(1928 and 1930); based on soil moisture condition Thornthwaite, (1931) and based on 

miscellaneous parameter(s) Blair (1942), Miller (1959), Oliver (1981), Critchfield 

(1987), Trewartha (1937; 1943; 1954), Supan (1896), Miller (1956), Geiger Rodoulf 

(1954), and Griffiths (1978), Essenwanger (2001), Ward (1905),etc. 

 

Climate of Pakistan has been studied by various contributors, viz. Kendrew (1941), 

Shamshad (1988), Kazi (1951), Johnson (1979), Nasarullah (1968), Raja and Twidell 

(1990), Khan, J.A. (1993), Khan, F. K (1993), and Naqvi and Rahmatullah (1960). 

 
In view of the innumerable global settings of climate, climatic classifications are essential 

in order to make an orderly and comprehensive presentation. Hence, a wide array of 
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classifications that are handy, comprehensive and convenient in practice. In this chapter, 

some world famous climate classifications like Köppen, Trewartha, Thornthwaite, 

deMortonne, Emberger, etc. have been applied to climate data of Pakistan. Most of the 

classification systems have been designed for arid lands. Rainfall of 50-200 mm and 250-

400 mm are falling within the arid and semi-arid areas, respectively (Kidd et al., 1988). 

Biome classifications, though inextricably linked to numerous classes, deal with the 

fauna and flora of those regions. On the basis of knowledge pertaining to an area, 

prediction for another can be made. The physical and behavioral characteristics of 

animals and plants permit their survival in particular biomes and climate classes. 

 

4.1.1 Climate Classification Systems 

 

In climatology, three fundamental types of classifications are popular. Firstly, those based 

on observable features i.e., empirical systems, e.g., Köppen’s system based on 

precipitation, temperature observations, which are two of the easiest measurable climate 

characteristics and which have the longest historical measurement record. It is quite easy 

to collect precipitation readings with rain gauge and that of temperature with 

thermometer. Climates can be grouped on the basis of climatic parameters pertaining to 

annual (totals and averages) and seasonal extremes. 

 

Information related to climatic elements pertaining to pressure systems, air masses, solar 

radiation, etc. are part of the genetic system. Although, it is assumed that some 

knowledge of climate causation, a thorough understanding of which is still a far cry in 

spite of advancement in atmospheric science, due to the multiplicity of variables 

involved; climatic classifications are not only the most difficult to create but also to use 

with reference to solving practical problems, as all the classifications have varied 

purposes. For demarcating regions with similar climates, complex statistical methods are 

in vogue.  

 

Climatic classifications have assumed various forms relating directly to the sophistication 

of techniques imposed by climate analysts. This chapter attempts to discuss some of the 
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climate-related classifications developed for or including the Semi-Arid Tropics (SAT), 

and to report initial work on the adequacy of rainfall for crops in these areas. 

 

Climatic classification, originally a concern of plant geographers and biologists, has 

progressed considerably, from the simple division of hemispheres into 3 broad 

temperature zones by the early Greeks to the sophisticated divisions proposed by 

Thornthwaite (1931; 1933; 1948). Köppen (1936), referred to as “the father of modern 

climatic classification” presented the hypothesis that delineation of vegetation boundaries 

can be accomplished by means of quantitative averages of climatic parameters. 

 

Quantification of climate for agricultural production should be based on the ability of the 

climate to meet crop demands for water and the suitability of the thermal regime. 

Thornthwaite's work in this area is monumental. The classifications proposed by him are 

ecological, making extensive use of P – E (precipitation minus evapotranspiration) and  

P – T (precipitation minus temperature) indices to account for factors that are directly 

important in furthering plant growth. A major problem with this type of classification is 

the inadequate representation of the crop demand for water. 

 

A classification should differentiate between types and show the relationships among 

them. It should also supply the framework for differentiation of the microclimates that 

make up a climatic type. Thornthwaite (1948) holds that, no matter how numerous or 

complex the techniques of this field of study, a major problem will remain: "climate is an 

extremely complex phenomenon and any of its classification necessitates over 

simplification and involves the risk of serious error". 

 

Classifications have ranged from identifying broad global zones to specification scales. 

The works by Trewartha (1968), Köppen (1936), Thornthwalte (1948), Thornthwaite and 

Mather (1955), Ivanov (1948), Hargreaves (1971), and Troll (1965) are valuable because 

the classifications proposed by them represent quantitative systems and boundaries of 

climatic groups defined on the basis of numerical values. Geiger Rodoulf (1961) 

presented the latest version of Köppen Wladimir’s climate classification, which is the 
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most frequently used in climate studies and publication, in addition to the former version 

of the Köppen-Geiger. The concept ‘climate classification’ is popular in a wide array of 

studies ranging from biology, agriculture, hydrology and physical geography in addition 

to topics related to climate and research in climate change (Kottek, et al.,2006).  

 
4.2 DATA AND METHODOLOGY 
 

Long term climate data (viz. precipitation, temperatures, wind speed, vapour pressure, 

etc.) of 51 meteorological stations of well-spaced stations in Pakistan for the period 1961-

2010 have been obtained from CDPC, PMD, Karachi in order to give a better spatial 

representation climate of country. Some common empirical / theoretical climate 

classifications (viz. Köppen’s, Trewartha’s, Thornthwaite’s, deMartonne’s, Emberger’s, 

Ivanov’s, Rivas Martinez’s, Troll’s, Rowher’s, etc.) have been employed to determine 

and understand the climate of Pakistan. Tiny routines for each classification have been 

written in Power Basic and its results have been depicted in tabular format while some 

classifications have been depicted in Lambert Conic Conformal geographical map 

projection. 

 
4.3 KÖPPEN’S  CLIMATE CLASSIFICATION 
 

This classification, developed in 1900, by Köppen Wladimir a German climatologist, and 

later modified in 1918 and 1936, is one of the most popular systems because of its ease in 

handling and minimum data requirement. Boundaries of climatic zones have been 

demarcated, keeping native vegetation boundaries in view, as it has been considered the 

best physical expression of climate. A combination of precipitation (mm) along with its 

seasonality and monthly as well as average annual, monthly minimum and maximum 

temperatures (oC) is part of the classification. On this basis, 05 major climatic types have 

been identified in the Köppen system. A capital letter designates each type of climate. 

Each type is further designated by two (2) to four (4) letter (symbols), indicating sub-

types of climates. Several further modifications had been made by him, notably in 1918 

and 1936.  

4.4 TREWARTHA’S CLIMATE CLASSIFICATION  
(MODIFIED VERSION OF KÖPPEN)  
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The Trewartha climate classification which has attempted to redefine broad climatic 

groups in consonance with vegetation zones is a modification of the Köppen-Geiger 

classification with close affinity to vegetation zoning.  

 

4.4.1 Class A: Tropical or Equatorial 

 

Minimum temperature ≥ 18°C.  

Its sub-classes are:  

f  -  fully humid, no dry season 

m  -  equatorial monsoon  

w/s -  dry winter/summer, equatorial savannah 

 

4.4.2 Class B: Dry/Arid  

 

Annual precipitation occurs at least 2/3 times in winter/summer or otherwise 

second letter 

 S - steppe 

 W - desert 

third letter 

 h/k - mean temperature > / < 18°C 

 

4.4.3 Class C: Temperate 

 

Warm temperate, minimum temperature between -3 and +18 °C 

second letter 

w/s  -  dry winter/summer, warm temperate  

f - fully humid, warm temperate 
third letter 
 a/b - hot/cool summer warmest month >/< 22°C 

c - cool, short summer  >10°C 
4.4.4 Class D: Cold/Snow 
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Minimum temperature ≤ -3 °C  

second letter 

w/s  -  dry winter/summer, snow temperate  

f - fully humid, snow temperate 

third letter 

 a/b - hot/warm summer warmest month >/< 22°C 

c - cool, short summer  >10°C 

d - very cold winter 

 

4.4.5 Class E: Polar 

 

Maximum temperature < 10°C 

 Et - Tundra  

 Ef - Frost 

 

4.4.6 Class H: Alpine/Highland 

Depend on altitude, adding 5.6°C for each km 

 

4.4.7 Universal Thermal Scale 

 

For every climate, an option exists to include warmest and coldest months’ information 

for every climate by adding a third and fourth letter, respectively, on the following basis: 

ThermalType  Third letter Thermal condition 

severely hot  i  monthly mean temperature (95 °F) 35 °C  or higher 

very hot  h (82 to 95 °F) 28 to 34.9 °C  

hot   a  (73 to 82 °F) 23 to 27.9 °C  

warm   b  (64 to 73 °F) 18 to 22.9 °C  

mild   l  (50 to 64 °F) 10 to 17.9 °C  

cool   k  (32 to 50 °F) 0.1 to 9.9 °C  

cold   o  (14 to 32 °F) −9.9 to 0 °C  
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very cold  c  (−13 to 14 °F) −24.9 to −10 °C  

severely cold  d  (−39.9 to −13 °F) −39.9 to −25 °C  

excessively cold e (−40 °F) −40 °C  or below 

 
 
Fig.4.1     Köppen-Geiger’s Climate Classification for Pakistan (Source: Author) 
 

4.4.8 Köppen-Geiger/ Trewartha’s Climate Classification for Pakistan  

 

According to Köppen’s classification Sindh, Balochistan and south Punjab are classified 

as dry desert climatic provinces, including most areas of GB. Few places are found to 

have dry steppe climate. A belt extending from north-northwest towards south-southeast 

demarcates the temperate climate. The mountainous north-northwestern parts have 

summer dry (under the influence of western disturbances) and south-southeastern parts 

have winter dry (under the influence of monsoon), interspersed with some places having 

both influences (Fig.4.1). 

4.5 THORNTHWAITE’S CLASSIFICATION (1948) 

  

The main limitation of Köppen's widely used climatic classification is lack of a rational 

basis for selecting temperature and precipitation values, a basis for different climatic 

zones. Thornthwaite (1948) improved on this by introducing the water balance concept in 

his classification. He considered plant as a gadget for transporting moisture stored in soil 

to air. He introduced the concept of potential evapotranspiration and devised an elaborate 

method for its computation. He weighted potential evapotranspiration against 

precipitation in order to obtain a moisture index. In most areas this was found to occur at 

different seasons, therefore, their presence in a moisture index consideration was deemed 

essential, as both had an affect on it, one positive and the other negative. Inspite of the 

fact that a water surplus in one season cannot fully prevent a deficiency in another, the 

former may compensate the latter to a certain extent. Water surplus means seasonal 

addition to subsoil moisture and ground water. Deep-rooted perennials and trees make 

partial use of this water surplus and thus minimize the effect of drought. Transpiration 
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proceeds, but at a reduced rate. For this reason, Thornthwaite assumed that a moisture 

surplus of 6 inches or 150 mm in one season will counteract its deficiency of 

approximetly 254 mm or 10 inches in another. Thus, he gave greater weightage to the 

humidity index, In = (100.S./n) than the aridity index Ia = (100.d./n), in the climatic 

classification, where water surplus is S, water deficiency is d, and water need is n. For 

classification purposes he defined a moisture index (Im) by the following relation: 

n
dSIII ahm

601006.0 −
=−=  

On the basis of this moisture index, he determined the following (Table 4.1) climatic 

types by the criteria indicated beside each. 

 
In moist climates, if there is a dry season, it is necessary to know how dry it is, as it is 

essential to know how wet a wet season is. Water deficiency in moist climates or surplus 

in dry may be large, moderate, small, or nonexistent. Therefore, it is important to know 

whether a place is continuously dry or whether it is wet in one season and dry in another. 

To do this, Thornthwaite classified the following subdivisions in terms of humidity and 

aridity indices, shown in Tables 4.2 and 4.3. 

 

Table 4.1 
Thornthwaite’s Climate Classification Criteria based on Moisture Index 

      Source: (Thorthwaite, 1931; 1933; 1948) 

 

Table 4.2 
Thornthwaite’s Climate Classification Subdivision Criteria based on Moisture Index 

S.No. Climatic types Moisture index 
1 Perhumid A 100 and above 
2 Humid B4 80 to 100 
3 Humid B3 60 to 80 
4 Humid B2 40 to 60 
5 Humid B1 20 to 40 
6 Moist subhumid C2 00 to 20 
7 Dry subhumid C1 -20 to 00 
8 Semi-arid D -40 to -20 
9 Arid E -60 to -40 
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      Source: (Thorthwaite, 1931; 1933; 1948) 

 

Table 4.3 
Thornthwaite’s Climate Classification Criteria based on Aridity Index 

      Source: (Thorthwaite, 1931; 1933; 1948)   
 

Thornthwaite's method for determining potential evapotranspiration specifies it as an 

expression, length of day as well as of temperature. Hence, the potential 

evapotranspiration can be used as an index of thermal efficiency. It is not used merely as 

a growth index but expresses it in terms of the water needed for the purpose. 

 

In equatorial regions, where there are very little seasonal variations in temperature, the 

boundary between mega and meso-thermal climate is identified on the basis of 23°C 

mean annual temperature. In subtropical areas, where there are seasonal variations in 

temperature, the accelerated growth and enhanced water need of plants in summer is 

offset by low water need in winter due to reduction in plant growth, therefore 21.5°C 

taken as the boundary. Potential evapotranspiration of 14.0 cm for a station in the 

equator, with a mean temperature of 23°C for every month, was taken as an index for 

separating mega-thermal and meso-thermal climates. Other limits for boundaries were 

taken in an arithmetic progression with a common difference of 14 cm, by Thornthwaite. 

The various limits specified by him are as follows (Table 4.4): 

 
 

S.No. Dry Climatic (C1, D, E) Humidity Index 
1 Little or no water surplus d  0.0 – 16.7  
2 Moderate summer water surplus S1  16.7 – 33.3 
3 Moderate winter water surplus W1  16.7 – 33.3 
4 Large winter water surplus S2  >= 33.3 
5 Large summer water surplus W2  >= 33.3 

S.No. Moist Climatic (A, B, C2) Aridity Index 
1 Little or no water deficiency r  00 – 10  
2 Moderate summer water deficiency S1  10 – 20 
3 Moderate winter water deficiency W1  10 – 20 
4 Large summer water deficiency S2  >= 20 
5 Large winter water deficiency W2  >= 20 
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Table 4.4 
Thornthwaite’s Climate Classification Criteria based on Thermal Efficiency Index 

      Source: (Thorthwaite, 1931; 1933; 1948) 

 

The seasonal variation of potential evapotranspiration is small at the equator. Since, the 

variations in temperature there are small, no season can be called summer, and the sum of 

the potential evapotranspiration of any 3 consecutive months will be roughly 252 mm of 

the annual total. In the case of Polar Regions where the growing season is within the 3 

summer months, the potential evapotranspiration of these months will constitute 100% of 

the total. The summer concentration of the potential evapotranspiration, thus, lies 

between these limits and gradually rises from 25% to 100% with the increase in latitude 

owing to an increase in the length of midsummer days and increase in the length of 

winter. The following climatic subdivisions have therefore, been suggested in terms of 

summer concentration of PE values (Table 4.5). 

 

Table 4.5 
Thornthwaite’s Climate Classification  

Subdivision Criteria based on Thermal Efficiency Index 

S/No. 
Summer Concentration 

Type Percentage 

1 a1 48.0 
2 b4 51.9 
3 b3 56.3 
4 b2 61.6 
5 b1 68.0 
6 c2 76.3 

S/No. Climatic type T-E Index 
1 Tundra E’ Frost/D’ 14.2 
2 Microthermal C1’ 28.5 
3 Microthermal C2’ 42.7 
4 Mesothermal B1’ 57.0 
5 Mesothermal B2’ 71.2 
6 Mesothermal B3’ 85.5 
7 Mesothermal B4’ 99.7 
8 Megathermal A1’ 114.0 
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7 c1 88.0 
8 d1 88.0 

       Source: (Thorthwaite, 1931; 1933; 1948) 

 

4.5.1 Thornthwaite’s Climate Classification for Pakistan 

 

Thornthwaite’s climate classification has been applied on the fifty-one climate stations of 

PMD and Aridity, Humidity and Moisture Index have been computed. GB/AJK, 

KPK/FATA, In the light of obtained values, appropriate letters have been designated to 

the stations to facilitate classification. Province-wise climatic stations, alongwith 

Thornthwaite’s climatic classification has been cited in Table 4.6. Large area of Pakistan 

has emerged as arid region.  

Table 4.6  

Climate Classification for GB/AJK based on Thornthwaite’s Climate Classification 
Meteorological 

Stations Climate Type 
Astore A – Prehumid, S2/W2  Large water surplus,  B4’  Mesothermal 
Bunji E – Arid, S2/W2  Large water deficiency,  B4’  Mesothermal 
Chilas E – Arid (1), S2/W2  Large water deficiency,  B4’  Mesothermal 
Garhi Dupatta A – Prehumid, S2/W2  Large water surplus,  B4’  Mesothermal 
Gilgit D – Semi subhumid, S2/W2  Large water deficiency,  B4’  Mesothermal 
Gupis B1 – Humid, S2/W2  Large water surplus,  B4’  Mesothermal 
Kotli B3 – Humid, S2/W2  Large water surplus,  B4’  Mesothermal 
Muzaffarabad A – Prehumid, S2/W2  Large water surplus,  B4’  Mesothermal 
Skardu B3 – Humid, S2/W2  Large water surplus,  B4’  Mesothermal 

 
Table 4.7  

Climate Classification for KPK/FATA based on Thornthwaite’s Climate Classification 
Meteorological 

Stations Climate Type 
Balakot A – Prehumid, S2/W2  Large water surplus,  B4’  Mesothermal 
Cherat A – Prehumid, S2/W2  Large water surplus,  B4’  Mesothermal 
Chitral A – Prehumid, S2/W2  Large water surplus,  B4’  Mesothermal 
D.I.Khan E – Arid (1), S2/W2  Large water deficiency,  B4’  Mesothermal 
Dir A – Prehumid, S2/W2  Large water surplus,  B4’  Mesothermal 
Drosh B3 – Humid, S2/W2  Large water surplus,  B4’  Mesothermal 
Kakul A – Prehumid, S2/W2  Large water surplus,  B4’  Mesothermal 
Parachinar A – Prehumid, S2/W2  Large water surplus,  B4’  Mesothermal 
Peshawar E – Arid (1), S2/W2  Large water deficiency,  B4’  Mesothermal 
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Saidu Sharif A – Prehumid, S2/W2  Large water surplus,  B4’  Mesothermal 
 

Table 4.8  
Climate Classification for Punjab based on Thornthwaite’s Climate Classification 

Meteorological 
Stations Climate Type 

Bahawalnagar E – Arid (1), S2/W2  Large water deficiency,  B4’  Mesothermal 
Bahawalpur E – Arid (1), S2/W2  Large water deficiency,  B4’  Mesothermal 
Faisalabad E – Arid (1), S2/W2  Large water deficiency,  B4’  Mesothermal 
Islamabad B3 – Humid, S2/W2  Large water surplus,  B4’  Mesothermal 
Jhelum D – Semi subhumid,S2/W2  Large water deficiency, B4’  Mesothermal 
Khanpur E - Arid (1), S2/W2  Large water deficiency,  B4'  Mesothermal 
Lahore E - Arid (1), S2/W2  Large water deficiency,  B4'  Mesothermal 
Multan E - Arid (1), S2/W2  Large water deficiency,  B4'  Mesothermal 
Murree A - Prehumid, S2/W2  Large water surplus,  A'  Megathermal 
Sialkot C2 - Moist subhumid,  d   Little or no water surplus,  A'  Megathermal 

 
Table 4.9  

Climate Classification for Sindh based on Thornthwaite’s Climate Classification 
Meteorological 

Stations Climate Type 
Badin E - Arid (1), S2/W2  Large water deficiency,  A'  Megathermal 
Chhor E - Arid (1), S2/W2  Large water deficiency,  A'  Megathermal 
Hyderabad E - Arid (1), S2/W2  Large water deficiency,  A'  Megathermal 
Jacobabad E - Arid (1), S2/W2  Large water deficiency,  A'  Megathermal 
Karachi E - Arid (1), S2/W2  Large water deficiency,  A'  Megathermal 
Moenjodaro E - Arid (1), S2/W2  Large water deficiency,  A'  Megathermal 
Nawabshah E - Arid (1), S2/W2  Large water deficiency,  A'  Megathermal 
Padidan E - Arid (1), S2/W2  Large water deficiency,  A'  Megathermal 
Rohri E - Arid (1), S2/W2  Large water deficiency,  A'  Megathermal 

 
Table 4.10   

Climate Classification for Balochistan based on Thornthwaite’s Climate Classification 
Meteorological 

Stations Climate Type 
Barkhan E - Arid, S2/W2  Large water deficiency,  B4'  Mesothermal 
Dalbandin E - Arid (1), S2/W2  Large water deficiency,  B4'  Mesothermal 
Jiwani E - Arid (1), S2/W2  Large water deficiency,  B4'  Mesothermal 
Kalat B1 - Humid,  S1/W1  Moderate water surplus,  B4'  Mesothermal 
Khuzdar E - Arid (1), S2/W2  Large water deficiency,  B4'  Mesothermal 
Lasbela E - Arid (1), S2/W2  Large water deficiency,  B4'  Mesothermal 
Nokundi E - Arid (1), S2/W2  Large water deficiency,  B4'  Mesothermal 
Ormara E - Arid (1), S2/W2  Large water deficiency,  B4'  Mesothermal 
Pasni E - Arid (1), S2/W2  Large water deficiency,  B4'  Mesothermal 
Punjgur E - Arid (1), S2/W2  Large water deficiency,  B4'  Mesothermal 
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Quetta C2 - Moist subhumid, d  Little or no water surplus, B4' Mesothermal 
Sibi E - Arid (1), S2/W2  Large water deficiency,  B4'  Mesothermal 
Zhob D - Semi subhumid, S2/W2 Large water deficiency,B4' Mesothermal 

 

4.6 THORNTHWAITE AND MATHER'S REVISED CLASSIFICATION 

 

Methods of computing water balance and procedure of book keeping in Thornthwaite’s 

1948 system was improved by Thornthwaite and Mather (1955). In the original book 

keeping procedure it was assumed that the soil mantle has a capacity of holding 10 cm of 

water for evapotranspiration purpose and whenever precipitation (P) falls short of the 

water need, i.e., potential evapotranspiration (PE), the shortage can be managed from the 

stored soil moisture so long as it is available. In case P exceeds PE, the excess (amount) 

will go first to recharge the soil to its field capacity, and the surplus will be available for 

runoff. In the case of monthly water balance computations a factor of ½ is used to convert 

this surplus into runoff. Thornthwaite and Mather introduced revised procedures for the 

assumption of the moisture-holding capacity of the soil as well as for the rate of 

utilization of soil moisture for evapotranspiration when P falls short of PE, because the 

moisture-holding capacity of a soil depends on its depth, type and structure. The depth 

can vary from a few millimeters in shallow sandy soil to 300 mm in deep silt loam soil. 

But in sandy soil, plants may be more deep-rooted than in clay or silt soil, and thus there 

may be some compensation. However, considerably varying moisture capacities exist in 

nature. Further, as the soil dries, it becomes difficult for the additional water to become 

available from storage to make up the deficiency caused by the excess of PE over P. 

Therefore, Thornthwaite and Mather increased the moisture-holding capacity of the soil 

from 100 mm to 300 mm and also introduced an exponential depletion pattern of soil 

moisture during dry periods. For instance, they assumed the following relationship: 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×=

capacityField
losswaterpotentialAccumlatedCapacityFieldStorage exp  

i.e.  F
A

eFS ×=  

Where A is the accumulated potential water loss, i.e., accumulated values of PE-P over 

different periods and F is the field capacity 

A/F is obtained taking the logarithm: 
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F
AFS += loglog  

This expressed in differential form produces: 

F
A

S
S Δ
=

Δ  

Where ΔS is the amount available from soil moisture storage for Et and ΔA is the PE-P 

value for the period concerned. Thus, ultimately we get a linear model, implying that the 

change in soil moisture storage that will be available for making up the deficiency for the 

period concerned is equal to: (Storage divided by Available Moisture Capacity) multiply 

by Deficiency. Thus, Thornthwaite and Mather have assumed a linear model. 

 

A further change made by Thornthwaite in his 1955 classification, is the elimination of 

the Weighting Factor of 0.6 for the Aridity Index in the Moisture Index formula so that 

Moisture Index Im is now defined as IH - IA> where IH is the Iindex of Humidity 

defined as 100 S/n, and Id is the Aridity Index denoted as 100 d/n where water surplus is 

S and d is water deficiency. Using average annual data we get: 

AEPS −=  

AEPED −=  

Where P is precipitation and actual evapotranspiration is AE, which is equal to the 

summation of change in soil storage of moisture for the period concerned and rainfall, i.e. 

SPAE Δ+=  

Hence, in the method of Thornthwaite and Mather (1955) the revised Moisture Index can 

be written as: 

⎥⎦
⎤

⎢⎣
⎡ +−−

=
PE

AEPEAEPIM 100  

⎥⎦
⎤

⎢⎣
⎡ −
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⎤

⎢⎣
⎡ −= 1100

PE
PIM  

The moisture regions according to this revised classification are as follows (Table 4.11): 

 

Table 4.11 
Thornthwaite and Mather’s Climate Classification based on Revised Criteria 

S.No. Moisture Index Climate Type 
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1       100 and above           Prehumid             A 
2 80 – 100           Humid B4 
3            60 – 80           Humid  B3 
4            40 – 60           Humid  B2 
5            20 – 40           Humid B1 
6            00 – 20           Moist subhumid C2 
7           -33.3 –  00            Dry subhumid C1 
8     -66.7 – -33.3           Semi-arid             D 
9   -100 –  - 66.7           Arid              E 

   Source: (Thornthwaite and Mather; 1955) 
 
 
Fig.4.2     Thornthwaite & Mather’s Climate Classification for Pakistan (Source: Author) 
 

Thus, changes in the limits from 1948 classification are affected only for dry climates. 

One obvious limitation in the 1955 formulation is the omission of AE, based on the actual 

water balance from the specification of limits for different climatic types. The limits 

depend only on annual P and PE. The aridity and humidity indices for defining seasonal 

variation of effective moisture thermal efficiency and its concentration are, however, the 

same as those of the 1948 classification. 

 

4.6.1 Thornthwaite and Mather's Revised Climate Classification for Pakistan 

 

Thornwaite’s climate classification is depicted in Fig.4.2. It reveals that many areas of 

Pakistan fall into arid climate category, especially eastern areas covering Faisalabad, 

Bahawalpur, Bahawalnagar, Multan and Khanpur; western areas i.e. Nokkundi, 

Dalbandin, Punjgur and southern areas including entire Sindh province. Khuzdar, Bunji, 

Astore, Peshawar, Lahore and Barkhan fall in semi-arid; very few stations are in 

moist/dry sub-humid classification.  Due to high elevation, mountainous stations are 

classified as perhumid. 

 

4.7 deMARTONNE’S INDEX OF ARIDITY 
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Scientists have been  pondering over the problem of climatic classification for centuries, 

but no classification scheme meets the objectives of even a large section of the workers in 

climatology. A simple empirical attempt to establish a quantitative Index of Aridity (IA) 

was developed by deMartonne (1926) to delimit different vegetation zones of the earth. 

This is a slight modification of the rain factor introduced by Lang (1920): 

10)(
)/(Pr 2

+
=

CeTemperaturAnnualMean
mkgecipiationAnnualIA o  

According to this classification, IA less than 5 characterize true desert (TD), 5 to less 

than 10 semi desert (SD) while IA 10 to less than 20 range correspond to dry steppe (DS), 

and 20 to less than 30 as prairies (PR). IA equal and above 30 corresponds to wet steppe 

(WS). Pramank, et al. (1952) and Krishnan, et al (1964), used this method for 

classification of the climate of Rajasthan. 

 

deMartonne’s Index of Aridity has the obvious advantage of showing the transition from 

one area to another, but it may logically be attached because of its empirical nature. 

Nevertheless, it serves as a useful discrete tool in illustrating the slow transition between 

arid, semi-arid and humid environments. 

 

4.7.1 deMartonne’s Climate Classification for Pakistan 

 

deMartonne’s classification indicates that climatologically most part of the country may 

be categorized as true desert while western part of mountainous areas are wet steppe and 

eastern  parts of the mountainous areas including some parts of central Pakistan (Sibi, 

Quetta, Kalat and Zhob) are semi deserts (Fig.4.3).  

 
Fig.4.3   deMartonne’s Climate Classification for Pakistan (Source: Author) 
 

4.8 EMBERGER’S CLASSIFICATION 

 

Emberger (1930) developed a synthesized expression (Daget, 1977), on the basis of three 

important climatic parameters i.e., evaporation, temperature and precipitation, in which 
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the annual precipitation (mm) represents the precipitation (P). The quotient along 

(M/2+m/2) represents the temperature parameter. The temperature range (M-m) 

represents evaporation because it frequently increases alongwith it; hence, continentality 

of a climate is expressed by this parameter (Calvet, 1964). The pluviothermic quotient of 

Emberger represents all these climatic parameters which have been calculated by using 

the following formula in which absolute degrees are used to express temperature values 

(K): 

22
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4.8.1 Emberger’s Classification for Pakistan 

 

Emberger’s classification indicates that the western part of Pakistan comprising on two 

thirds of Balochistan, almost all of Sindh except Karachi, eastern part of Punjab and 

eastern (leeward of Great Himalayas) mountainous areas fall, in the Saharan type climate 

category. Rest of Balochistan and central part of Punjab and south-western part of KPK 

(former NWFP) have been categorized as arid climate. Scattered areas are arid, semiarid 

in the rest of the country. High mountainous areas comprise humid climate (Fig.4.4). 

 
Fig.4.4   Emberger’s Climate Classification for Pakistan (Source: Author) 

 
Fig.4.5   Nomogram for Emberger Climate Classification (Source: Quézel, 1976) 
 

4.9 IVANOV’s CLIMATE CLASSIFICATION 

 

In the USSR, indices of Q = (Annual Precipitation) / (Annual Evapotranspiration) both in 

mm have been used by Ivanov (1948). In this formula evapotranspiration is derived from 

the following relationship: 

( ) ( )fTE m −+= 100250018.0 2  
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i.e.
( ) ( )fT

PQ
m −+

=
100250018.0 2   

where: 

          mean monthly temperature is T(oC), and  

          mean monthly relative humidity is f (%) 

 

The critical values for different climatic regions are as follows (Table 4.12): 

Table 4.12 

Ivanov’s Climate Classification Criteria 

S.No. Index Q 

1 Insignificant moisture region i.e. Deserts 0.00  ≥ Q < 0.13 
2 Scanty moisture region i.e. Semideserts 0.13  ≥ Q < 0.30 
3 Insufficient moisture region i.e. Steppes 0.30  ≥ Q < 0.60 
4 Moderate moisture region i.e. Forested steppes 0.60  ≥ Q < 1.00 
5 Sufficient moisture region 1.00  ≥ Q < 1.50 
6 Excess moisture region             Q  ≥ 1.50 

  Source: (Ivanov, 1948) 

 
Fig.4.6  Ivanov’s Climate Classification for Pakistan (Source: Author) 
 
 
4.9.1 Ivanov’s Classification for Pakistan 

 

Ivanov’s classification (Fig.4.6) also presents almost same type of climate as found in 

previous three classifications. Karachi exhibits a desert climatic condition hence included 

within insufficient moisture region. Two third area of the country falls in the insufficient 

or scanty moisture region. Some parts fall in the moderate and few in the excess moisture 

region. 

 

4.10 RIVAS MARTINEZ’S CLIMATE CLASSIFICATION 

 

On the basis of bio-climatic indexes, Rivas Martinez, et al., (1999) identified a world-

wide climate generic classification and depicted five macrobioclimates i.e. polar, boreal, 
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Mediterranean, temperate and tropical. Table 4.13 depicts the Mediterranean macro 

bioclimate, with the help of relative indexes. 

 
Table 4.13 

Rivas Martinez Climate Classification - Continentally and Ombrothermic Index 
S.No. Bioclimatic Thresholds BIOCLIMATES 

Io Ic 
1      >2.0          ≤ 21  Mediterranean pluvioseasonal-oceanic 
2      >2.2          > 21  Pluvioseasonal-continental 
3        1.0-2.0          ≤ 21  Xeric-oceanic 
4       1.0-2.2          > 21  Xeric-continental 
5       0.1-1.0         ≤  21  Desertic- oceanic 
6       0.1-1.0          > 21  Desertic-continental 
7    < 0.1          < 30  Hyperdesertic 

Source: (Rivas-Martinez, et al., 1999) 
 

On the basis of continentality index, simple classification with types and subtypes has 

been presented as follows: 

• (Ic=0-11) Hyperoceanic:  barely hyperoceanic (7-11), euhyperoceanic (3-7) and 

extremely hyperoceanic (0-3) 

•  (Ic=11-21) Oceanic:  semicontinental (18-21) and euoceanic (11-18)  

•  (Ic=21-65) Continental:  hypercontinental (46-65), eucontinental (28-45) and 

subcontinental (21-28)  

Analysis of the Continentality Index reveals that the Atlantic coast climate falls in 

oceanic-semicontinental category except for the Kenitra station, which because of the 

high temperature falls in the Continental-Subcontinental category as also the lower and 

higher plateau fall into the Continentality type ranging between the Continental-

Subcontinental and Continental-Eucontinental types. 

 
Table 4.14 

Rivas Martinez Climate Classification - Positive Temperature and Thermicity Index 
S.No. Tp It (Itc) Bioclimatic Belt: Thermotypes 

1 >2450 450-580  Inframediterranean 
2   2150 - 2450 350-450  Thermomediterranean 
3   1500 - 2150 210-350  Mesomediterranean 
4     900 - 1500 80-210  Supramediterranean 
5     450 - 900 -  Oromediterranean 



114 
 

6         1- 450 -  Cryoromediterranean 
7         0 -  Athermic 

Source: (Rivas-Martinez, et al., 1999) 
 

Table 4.15 
Rivas Martinez Climate Classification - Ombrothermic Index 

S.No. Io Bioclimatic Belt: Ombrotypes 
1  < 0.1  Ultrahyperarid 
2 0.1 - 0.3  Hyperarid 
3      0.3 - 1.0  Arid 
4      1.0 - 2.0  Semiarid 
5       2.0 -3.6  Dry 
6       3.6 -7.0  Subhumid 
7       7.0 -14.0  Humid 
8     14.0 -28.0  Hyperhumid 
9  > 28.0  Ultrahyperhumid 

    Source: (Rivas-Martinez, et al., 1999) 
 
 
The Itc index was calculated as Ic as more than 18, but classification of thermotypes was 

made, using the Thermicity Index as the Itc value was less than 120. According to this, 

the upper plateau falls in the Mesomediterranean climatic type while the Atlantic coast 

and the lower plateau fall in the Thermomediterranean type. 

 

Classification of the climate of the region into dry and semiarid in the Atlantic coast and 

the lower plateau, dry and subhumid into the higher plateau was possible by the 

Ombrothermic index. 
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Table 4.16 

Rivas Martinez Classification for the Macrobioclimate 

Details Condition Index 

(yearly thermal 

interval)  

continentally index 

Ic = Tx - Tn 

The range of temperature 

Tx= the mean maximum temperatures of warmest 

month 

Tn = the mean minimum temperatures of coldest 

month 

Ic 

thermicity index It = (T + m + M )x10 

where  

T = mean annual temperature 

m= mean minimum temperature of the coldest month  

M= mean maximum temperature of the warmest 

month 

It 

compensated 

thermicity index 

Itc = It ± C 

where  

C = compensation value 

if value of Ic in between 9 and 18 

Itc 

ombrothermic 

index 

Io = 10 x Pp/Tp 

where 

Pp= yearly positive precipitation 

Tp = yearly positive temperature  

Io 

the thermotype in 

the Bioclimatic belt 

Tp= (Ic>=21) and (Itc<120) 

where 

Ic = continentally index 

Itc = compensated thermicity index 

when Ic is more or equal to 21  

and Itc is less than 120 

Tp 

 Source: (Rivas-Martinez, et al., 1999) 
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Fig.4.7   Rivas Martinez Climate Classification for Pakistan (Source: Author) 

 

4.10.1 Rivas Martinez’s Climate Classification for Pakistan 

 

Similar results have been obtained by Rivas’ Climate Classification, when reviewed 

bioclimatically.  The term Ultrahyperhumid is similar to insufficient moisture or Saharan 

(Desert) type of climate. Fig.4.7 exhibits the Rivas Martinez’s climate classification for 

Pakistan. According to this classification the southern province i.e. Sindh has been 

classified as Hyperarid. Southern part including coastal belt of Balochistan has been 

categorised as Hyperarid, Nokkundi is Ultra hyperarid, Zhob, Barkhan, Quetta, Kalat and 

Khuzdar fall in Arid climate. Southern Punjab is Hyperaird and it gradually advances into 

Arid and Semiarid. Sialkot falls in the Subhumid class. The stations in GB & AJK are 

Hyperarid, Arid and Semiarid mixed classes due to their leeward position in the 

mountains. The stations in KPK fall in Arid, Semiarid and Dry classes. 

4.11 TROLL'S CLASSIFICATION 

 

Troll (1965) defined humid months as those in which mean rainfall exceeds mean 

potential evapotranspiration. He divided the Tropical climates into the following classes: 

 

Table 4.17 

Troll’s Climate Divisions 

S.No. Details Type Class

1 Rainy climate with 9.5 to 12 humid months Tropical 1 
2 Summer-humid climates with 7 to 9.49 humid months Tropical 2a 
3 Winter-humid climates with 7 to 9.49 humid months Tropical 2b 
4 Tropical climates with 4.5 to 6.99 humid months Wet-dry 3 
5 Dry climates with 2 to 4.49 humid months (in summer) Tropical 4a 
6 Dry climates with 2 to 4.49 humid months (in winter) Tropical 4b 
7 Semi desert climates with less than 1.99 humid months Tropical 5 

  Source: (Troll, 1965) 
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According to Troll, this classification has been found to be satisfactory to explain 

vegetation zones of tropical Africa and South America. This method for classification of 

semi-arid tropics in India was adopted by the International Crops Research Institute for 

the Semi-Arid Tropics (ICRISAT). However, their recent study shows that application of 

this system for delineation of semi-arid zones in India using mean monthly potential 

evapotranspiration computed by Penman's method (1948) is not satisfactory, since it 

places in the semi-arid zone, areas of the west coast as well as some regions in Bihar and 

Orissa that normally fall under subhumid to humid zones. Such discrepancies may be 

partly due to a rather stringent stipulation in the method that mean monthly rainfall (P) 

should exceed potential evapotranspiration (PE) if the specific month should be a humid 

one. The computation of duration when P >= PE/2, on a weekly basis would most likely 

prove to be sufficient, since it would fairly adequately represent the duration of the 

growing season. 

 
Fig.4.8   Troll’s Climate Classification for Pakistan (Source: Author) 
 
 
4.11.1 Troll’s Climate Classification for Pakistan 

 

Troll’s classification indicates that the western part of Pakistan comprising two thirds of 

Balochistan, almost all of Sindh except Karachi, eastern and central parts of Punjab and 

eastern (lee-ward of Great Himalayan) mountain areas fall in the Tropical Semi Desert 

type climate category. Rest of Balochistan experiences Wet Dry Tropical climate. Jhelum 

and Sialkot in Punjab have Wet Dry climate and Murree (hill station) has Tropical Rain 

climate. Gilgit, Gupis, Kotli and Skardu in GB have Tropical Winter-Humid climate. 

Bunji and Chilas fall in Wet Dry Tropical climate.  Astore, Garhi Dupatta and 

Muzaffarabad have Tropical Rain climate. Balakot, Cherat, Dir, Kakul, Parachinar and 

Saidu Sharif in KPK have Tropical Rain climate, Chitral and Drosh have Tropical 

Winter-Humid climate. D.I.Khan and Peshawar have Tropical Dry (humid in summer) 

and Tropical Rain climate, respectively (Fig.4.8). 

Table 4.18 

Climate Classification for GB/AJK based on Troll’s Climate Classification 
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Meteorological 
Stations PET Precipitation Index Description 

Astore 86.19 492.72 12 Tropical rain climate 

Bunji 310.90 151.41 5 Wet dry tropical climate 

Chilas 720.59 184.10 6 Wet dry tropical climate 

Garhi Dupatta 363.78 1571.86 12 Tropical rain climate 

Gilgit 207.61 133.68 7 Tropical winter-humid climate 

Gupis 131.40 183.57 7 Tropical winter-humid climate 

Kotli 714.93 1266.19 9 Tropical winter-humid climate 

Muzaffarabad 519.78 1511.49 11 Tropical rain climate 

Skardu 120.31 208.34 8 Tropical winter-humid climate 
 
 

Table 4.19 

Climate Classification for KPK/FATA based on Troll’s Climate Classification 

Meteorological 
Stations PET Precipitation Index Description 

Balakot 316.96 1596.66 12 Tropical rain climate 

Cherat 236.94 609.33 10 Tropical rain climate 

Chitral 218.00 464.38 8 Tropical winter-humid climate 

D.I.Khan 1739.23 271.54 4 Tropical dry climate (humid in summer) 

Dir 179.52 1399.13 12 Tropical rain climate 

Drosh 351.03 598.90 8 Tropical winter-humid climate 

Kakul 220.09 1348.62 12 Tropical rain climate 

Parachinar 162.03 825.48 12 Tropical rain climate 

Peshawar  1098.65 431.51 6 Wet dry tropical climate 

Saidu Sharif 369.71 1035.57 11 Tropical rain climate 
 

Table 4.20 

Climate Classification for Punjab based on Troll’s Climate Classification 

Meteorological 
Stations PET Precipitation Index Description 
Bahawalnagar 2514.33 227.66 3 Tropical dry climate (humid in 
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summer) 

Bahawalpur  2671.66 163.41 3 
Tropical dry climate (humid in 
summer) 

Faisalabad  1550.64 356.17 4 
Tropical dry climate (humid in 
summer) 

Islamabad  685.33 1169.45 9 Tropical winter-humid climate 
Jhelum  1253.75 874.80 6 Wet dry tropical climate 

Khanpur 2320.39 96.89 3 
Tropical dry climate (humid in 
summer) 

Lahore  1653.77 629.35 4 
Tropical dry climate (humid in 
summer) 

Multan  2671.24 198.54 3 
Tropical dry climate (humid in 
summer) 

Murree 108.76 1808.79 12 Tropical rain climate 
Sialkot  991.57 992.63 6 Wet dry tropical climate 

 
 

Table 4.21 

Climate Classification for Sindh based on Troll’s Climate Classification 

Meteorological 
Stations PET Precipitation Index Description 
Badin 2271.07 220.72 0 Tropical semi desert climate 
Chhor 2317.60 229.47 0 Tropical semi desert climate 
Hyderabad  3460.36 167.82 0 Tropical semi desert climate 

Jacobabad 4731.05 111.20 3 
Tropical dry climate (humid in 
summer) 

Karachi  1684.47 193.97 1 Tropical semi desert climate 

Moenjodaro 3209.33 87.93 2 
Tropical dry climate (humid in 
summer) 

Nawabshah 3564.68 137.85 1 Tropical semi desert climate 

Padidan 3415.20 112.05 3 
Tropical dry climate (humid in 
summer) 

Rohri 3744.61 96.39 3 
Tropical dry climate (humid in 
summer) 
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Table 4.22 

Climate Classification for Balochistan based on Troll’s Climate Classification 
Meteorological 
Station PET Precipitation Index Description 

Barkhan  716.42 397.46 4 
Tropical dry climate (humid in 
summer) 

Dalbandin 1192.95 82.90 4 
Tropical dry climate (humid in 
summer) 

Jiwani 1242.55 104.75 3 
Tropical dry climate (humid in 
summer) 

Kalat  134.85 165.83 5 Wet dry tropical climate 

Khuzdar  715.13 249.98 4 
Tropical dry climate (humid in 
summer) 

Lasbela 3043.56 148.95 1 Tropical semi desert climate 

Nokkundi 2437.48 33.14 3 
Tropical dry climate (humid in 
summer) 

Ormara   908.51 88.93 2 
Tropical dry climate (humid in 
summer) 

Pasni 1357.74 100.71 3 
Tropical dry climate (humid in 
summer) 

Punjgur  908.88 101.31 4 
Tropical dry climate (humid in 
summer) 

Quetta  226.20 251.76 6 Wet dry tropical climate 

Sibi 6806.31 156.03 3 
Tropical dry climate (humid in 
summer) 

Zhob  455.79 284.72 5 Wet dry tropical climate 
 

4.12 PRESCOTT’S CLIMATE CLASSIFICATION 

 

Prescott (1938) in Australia found that a climatic index P/SD (i.e. Precipitation divided 

by Standard Deviation of precipitation) would be useful in delineating climatic 

boundaries. Prescott (1949) further established that the degree of soil leaching or the 

intensity of evapotranspiration was determined by some power of evaporation or 

saturation deficit close to 75% and the indices suggested for universal application as 

aridity indices being P/E0.75 or P/SD0.75. Thus, with the improvement of the earlier index, 

he found that the index 5 SD0.75 was in effect the first measure of evapotranspiration for 

the limiting conditions of arid regions in Australia (Prescott 1956). 
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Precipitation variability has been discussed in the previous chapter (Chapter V), 

therefore, result and discussion on Prescott’s climate classification has been omitted, as 

they produced similar results. 

 

4.13 ROWHER’S CLIMATE CLASSIFICATION 

 

This classification is based on precipitation and potential evapotranspiration ratio. 

Adopting the approach of Rowher (1931), Raman and Satakopan (1934) used the 

following formula to compute evapotranspiration at several stations in India: 

( ) ( ) e
uu

wsBE ×⎟
⎠
⎞

⎜
⎝
⎛ −×××−= 1100118.044.00186.0465.1  

Evapotranspiration by Rowher (1931) is calculated by the following formula: 
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Vapour pressure (e), wind speed (ws) and humidity (uu) are used for calculating potential 

evapotranspiration (E) in both equations where B is barometric pressure (in inches) at 

different stations. Following is the classification on the bases of quotient (Table 4.23):  

 

Table 4.23 

Rowher’s Climate Classification 

S.No. Q value Classification 
1  0.12 > Q > 0.0 Insignificant moisture region i.e. Deserts 
2 0.29 > Q > 0.13 Scanty moisture region i.e. Semideserts 
3 0.59 > Q > .30 Insufficient moisture region i.e. Steppes 
4 0.99 > Q > 0.60 Moderate moisture region i.e. Forested steppes 
5 1.49 > Q > 1.00 Sufficient moisture region 
6  Q > 1.50 Excess moisture region 

   Source: (Rowher, 1931) 

 

4.13.1 Rowher’s Climate Classification for Pakistan 
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According to WMO’s defined criteria, climatic stations having an elevation of more than 

500 m are called hill stations and have to report, pressure observation in geopotential 

metres (gpm). Therefore, the Rowher (1931) formula was used. Rowher’s classification 

result reflects that the western and northwestern areas comprise on all GB/AJK and 

KPK/FATA except (Chilas, Gilgit and Bunji in GB/AJK and Cherat, Peshawar and Dera 

Ismail Khan in KPK/FATA) and the barani belt (Murree, Islamabad, Jhelum and Sialkot) 

having Q values higher than 1.5, therefore fall in excess moisture region. Nokkundi, 

Ormara and Pasni in Balochistan have less than 0.12 Q value. Except Hyedrabad and 

Chhor (insufficient moisture region (steppe), i.e. in between 0.29 and 0.6, all other 

stations in Sindh province and Khanpur, in Punjab are recognized as scanty moisture 

regions i.e. “semideserts”. Sibi, Panjgur, Lasbela, Dalbandin in Balochistan and 

Bahawalpur, Bahawalnagar and Multan in Punjab are also in the insufficient moisture 

region (steppe). Gilgit, Quetta, Dera Ismail Khan and Bunji are moderate moisture 

regions i.e. forested steppe. All other stations are in the sufficient moisture regions. 

 

Table 4.24 

Rowher’s Climate Classification for GB/AJK 

Meteorological 
Stations    Classification Q 
Astore    Excess moisture region 4.16 
Bunji    Moderate moisture region i.e. Forested steppes 0.83 
Chilas    Sufficient moisture region 1.14 
Garhi Dupata    Excess moisture region 6.08 
Gilgit    Moderate moisture region i.e. Forested steppes 0.72 
Gupis    Excess moisture region 1.76 
Kotli    Excess moisture region 3.29 
Muzaffarabad    Excess moisture region 5.89 
Skardu    Excess moisture region 1.62 
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Table 4.25 

Rowher’s Climate Classification for Balochistan 

Meteorological 
Stations    Classification Q 
Barkhan    Sufficient moisture region 1.48 
Dalbandin    Insufficient moisture region i.e. Steppes 0.49 
Jiwani    Scanty moisture region i.e. Semideserts 0.12 
Kalat    Sufficient moisture region 1.04 
Khuzdar    Sufficient moisture region 1.03 
Lasbela    Insufficient moisture region i.e. Steppes 0.32 
Nokkundi    Insignificant moisture region i.e. Deserts 0.1 
Ormara    Insignificant moisture region i.e. Deserts 0.1 
Pasni    Insignificant moisture region i.e. Deserts 0.11 
Panjgur    Insufficient moisture region i.e. Steppes 0.3 
Quetta     Moderate moisture region i.e. Forested steppes 0.78 
Sibi    Insufficient moisture region i.e. Steppes 0.48 
Zhob    Sufficient moisture region 1.46 

 

 

Table 4.26 

Rowher’s Climate Classification for KPK/FATA  

Meteorological 
Stations    Classification Q 
Balakot    Excess moisture region 7.04 

Cherat    Sufficient moisture region 1.34 

Chitral    Excess moisture region 1.62 

D.I.Khan    Moderate moisture region i.e. Forested steppes 0.78 

Dir    Excess moisture region 7.23 

Drosh    Excess moisture region 3.11 

Kakul    Excess moisture region 6.45 

Parachinar    Excess moisture region 4.25 

Peshawar     Sufficient moisture region 1.09 

Saidu Sharif    Excess moisture region 4.72 
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Table 4.27 

Rowher’s Climate Classification for Punjab  

Meteorological 
Stations    Classification Q 
Bahawalnagar    Insufficient moisture region i.e. Steppes 0.5 
Bahawalpur     Insufficient moisture region i.e. Steppes 0.43 
Faisalabad     Sufficient moisture region 0.99 
Islamabad     Excess moisture region 2.83 
Jhelum     Excess moisture region 2.68 
Khanpur    Scanty moisture region i.e. Semideserts 0.24 
Lahore     Excess moisture region 1.77 
Multan     Insufficient moisture region i.e. Steppes 0.47 
Murree    Excess moisture region 7.85 
Sialkot     Excess moisture region 3.08 

 

Table 4.28 

Rowher’s Climate Classification for Sindh 

Meteorological 
Stations    Classification Q 
Badin    Scanty moisture region i.e. Semideserts 0.27
Chhor    Insufficient moisture region i.e. Steppes 0.35
Hyderabad     Insufficient moisture region i.e. Steppes 0.29
Jacobabad    Scanty moisture region i.e. Semideserts 0.24
Karachi     Scanty moisture region i.e. Semideserts 0.25
Moenjodaro    Scanty moisture region i.e. Semideserts 0.19
Nawabshah    Scanty moisture region i.e. Semideserts 0.22
Padidan    Scanty moisture region i.e. Semideserts 0.27
Rohri    Scanty moisture region i.e. Semideserts 0.22

 
4.14 HARGREAVES’ CLIMATE CLASSIFICATION 

 

Hargreaves (1971) defined a Moisture Available Index (MAI) as the ratio of the rainfall 

value expected, with 75% probability for the concerned period to the estimated potential 

evapotranspiration. If this ratio is 0 to 0.33 during all months in a region, the climate of 

the region is classified as very arid. If there are only 1 or 2 months with MAI values 

exceeding 0.34 in the year, the climate is classified as arid, and if there are 3 or 4 such 
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consecutive months the climate is considered semi-arid. Hargreaves (1975) gave the 

following moisture deficit classification (Table 4.29): 

 

Table 4.29 
Hargreaves’ Moisture Deficit Classification 

S.No. Classification MAI 
1                         Very deficient 0.00 to 0.33 
2                         Moderately deficient 0.34 to 0.67 
3                         Somewhat deficient 0.68 to 1.00 
4                         Adequate moisture 1.00 to 1.33 
5                         Excessive moisture >   1.34 

     Source :( Hargreaves, 1971) 
 

The probability level as well as ranges of MAI chosen in this classification appear to be 

rather high. Hargreaves (1971) himself stated that, for some crops or special conditions, a 

different probability level may be more appropriate. It is useful to try this method for 

climatic delineation in India with an MAI of 0.25 as the limit for moderate droughts, and 

0.50 for the growing season. 

 

4.15 PAPADAKIS' CLIMATE CLASSIFICATION 

 

Papadakis’ (1961, 1966, 1970a, 1970b, 1975) evolved a new climatic classification of the 

world incorporating the following special features: 

 

a. Average daily maximum and minimum temperatures were used and greater 

importance was attached to night temperatures and the vernalization effect of low 

temperatures. 

b. Winter severity and length of the frost-free season were considered as a 

fundamental characteristic of climate. 

c. The water balance concept was included, with potential evapotranspiration being 

determined as a function of the saturation deficit, at midday. 

d. A large number of thermic and hydric types were recognized for classifying 

monthly climates of different locations in the world. 
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There are very large numbers of thermic types in Papadakis' climatic classification. His 

main thermic types are as follows: 

1. Tropical (with 9 subtypes) 

2. Terra fria (with 9 subtypes) 

3. Desert (with 9 subtypes) 

4. Subtropical (with 7 subtypes) 

5. Pampean (with 9 subtypes) 

6. Mediterranean (with 9 subtypes) 

7. Marine (with 8 subtypes) 

8. Humid continental (with 3 subtypes) 

9. Steppe (with 8 subtypes) 

10.  Polar-Alpine (with 5 subtypes) 

 

Various ranges of values of lowest, maximum and minimum mean daily temperatures, 

precipitation and mean vapor pressure are prescribed in this classification for different 

thermic types, thereby facilitating elaborate climatic delineations for different regions. To 

determine the hydric type of climate in this classification, mean monthly potential 

evapotranspiration (E) is calculated from the data of mean daily maximum temperature 

and vapor pressure. Papadakis (1975) suggested the following formula: 

( ) ( )( )mdxs TeTeE −= 625.5  

Here E is the monthly potential evapotranspiration (in mm or kg m-2) of water. es(Tx) is 

saturated vapor pressure in hPa (mb)which corresponds to the average daily maximum 

temperature, and ed(Tm) is the month’s average vapor pressure expressed as hPa (mb). 

Based on monthly precipitation (P) and evapotranspiration (E), the water stored (W) from 

the previous rains is determined. The moisture index (H) is defined as: 

H= (P+W)/E 

On the basis of this index, hydric types are determined using the following criteria (Table 

4.30): 

Table 4.30 

Papadakis’ Climate Classification  
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 (P+W)/E value Climatic type (hydric) 
  <        0.25        Arid (a) 
0.25 to 0.50     Dry (s) 
0.50 to 0.75     Intermediate 
0.75 to 1.00     Intermediate humid (y) 
  >        1.00 (with P < E)    Posthumid (P) 
1.00 to 2.00 (with P + W-E < 100 mm)    Humid (6) 
  >       2.00 (with P + W-E > 100 mm)    Wet (W) 

      Source: (Papadakis, 1961; 1966; 1970a; 1970b; 1975)  

 

Information on winter severity, length of the frost-free season, leaching rainfall, drought 

stress, and seasonal variation of temperature, etc., are also incorporated in the 

classification. Papadakis (1970b) also studied the climatic requirements of individual 

crops and was able to explain the distribution of crops in terms of an elaborate climatic 

classification method introduced by him. His method is oriented towards agriculture and 

crop requirements and criteria for different thermic and hydric subtypes of climate have 

been chosen mainly from this .point of view. Hence, there is considerable scope for the 

application of this method in India, for detailed climatic classification. 

 

4.16 COCHEME AND FRANQUIN’S CLIMATE CLASSIFICATION 

 

Matching the duration of a crop's growth cycle to that of water availability in different 

regions is an important task in agricultural planning. In this connection, duration of 

periods during which rainfall (P) exceeds selected levels of evapotranspiration (ET) is a 

most useful index of agricultural potential.  Accordingly, the studies of Cocheme and 

Franquin (1967), on the semi-arid areas located south of the Sahara, West Africa and that 

of Brown and Cocheme (1969) on the east African highlands, the following limits of 

water availability were chosen (Table 4.31): 

 

Table 4.31 

Cocheme and Franquin’s Climate Classification 

S.No. Climate Type Criteria 
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1 Humid P  > ET 
2 Moist period ET > P > ET/2 
3 Moderately dry period P = ET/2 to ET/4 
4 Dry period P = ET/4 to ET/10 
5 Very dry period P < ET/10 

      Source: (Cocheme and Franquin, 1967) 
 

Apart from rainfall, the available water in the root zone (i.e., sum of rainfall and soil 

moisture storage) was also compared with PE for the above ranges and crop water 

availability calendars were prepared for the seeding, emergence, growth and maturation 

stages. Adopting this approach, Raman, et al. (1971), worked out water-availability 

periods for crop planning for 220 stations in India. They also produced calendars of 

water-availability periods for various stations in India and presented maps of several 

water-availability regimes. They noticed that the climatic classifications do not show a 

simple relationship with lengths of water-availability periods. They also pointed out that 

the approach of the climatic classifications by Thornthwaite, et al. (1955), were not 

precise enough to bring out the differences in the productivity potential of stations within 

the same class. The differences in agricultural potential appear to be closely related to the 

durations of water-availability periods. 

 

The climatic zones based on the thermal and moisture indices were superimposed on a 

soil map of India showing major soil types to demarcate 64 soil climatic zones of India. 

Krishnan, et al. (1968), have presented the districts included in each of these soil climatic 

zones, their geographical coverage and a critical analysis of their cropping patterns. 

Temperature patterns and water deficiency during kharif (rainy season, June to 

September) and rabi (post rainy season, October to January) cropping seasons were also 

discussed. Moisture surplus and deficit have been discussed in Chapter 6. Conceptually, 

Cocheme and Franquin’s Climate Classification produced similar result hence have been 

omitted. 

 

4.17 CLASSIFICATION ACCORDING TO RAINFALL CRITERIA RELATED  

 TO MOISTURE REQUIREMENTS OF VARIOUS CROPS 
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In 1976, the National Agricultural Commission carried out the climatic delineation of 

India, by examining the monthly rainfall distribution at all provincial rain gauge stations 

of India. They chose limits that have a closer relation to the broad requirements of crops. 

Since, the time-span of most of the crops is usually 90 days or more, the following limits 

were set by them: 

 

1. Rainfall greater than 300 mm per month for at least 3 consecutive months would 

be suitable for a crop like paddy whose water need is high. 

2. Monthly rainfall of 200 to 300 mm for a period not less than 3 consecutive 

months would be suitable for crops whose water need is high but less than that of 

paddy, e.g., crops like maize and black gram. 

3. With 100 to 200 mm monthly rainfall between at least 3 consecutive months is 

considered suitable for crops requiring less water, e.g., pearl and small millets. 

4. Monthly rainfall between 50 to 100 mm is just sufficient for crops that have low 

water requirements, e.g., field beans and ephemeral grasses. 

5. Less than 50 mm per month of rainfall is not of much significance for crop 

production. 

 

Accordingly, they adopted the following symbolic representation for rainfall levels 

(Table 4.32): 

Table 4.32 

Rainfall Based Climate Classification Criteria 

Symbol               Monthly rainfall (mm) 
A         Greater than 300.0 
B          200.1 - 300.0 
C          100.1 - 200.0 
D            50.1 - 100.0 
E          Less than or equal to 50.0  

4.17.1 Climate Classification of Pakistan According to Rainfall Criteria Related to 

Moisture Requirements of Various Crops and Universal Thermal Scale  
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lslamabad, Balakot, Muzaffarabad and Murree receive more than 300mm in some months 

but no station receives precipitation for  at least 3 consecutive months more than that 

amount. Similarly, Garhi Dupatta, Kotli, Muzaffarabad in GB/AJK; Balakot, Dir and 

Kakul in KPK/FATA and Islamabad, Jhelum, Murree and Sialkot in Punjab receive 

precipitation 200 to 300 mm in one or two months but not consecutively for 3 months. 

Stations receiving precipitation between 100 to 200mm and 50 to 100mm have been 

depicted in Figs.4.9 (a) and (b), respectively. Garhi Dupatta and Muzaffarabad in 

GB/AJK; Balakot, Dir, Kakul and Saidu Sharif in KPK/FATA and Islamabad and Murree 

in Punjab receive precipitation between 100 to 200mm in the consecutive 3 months as 

depicted in Fig.4.9(a). Astore, Garhi Dupatta, Kotli and Muzaffarabad in GB/AJK; 

Balakot, Cherat, Chitral, Dir, Drosh, Kakul, Parachinar, Peshawar and Saidu Sharif in 

KPK/FATA and Islamabad, Jhelum, Lahore, Murree and Sialkot in Punjab receive 3 

months consecutive precipitation between 50 to 100 mm. Throughout, Pakistan all 

stations receive less than 50mm precipitation in three or more consecutive months. No 

station in Sindh and Balochistan receive precipitation even less than 50 mm consecutive 

3 months or more drier than the other part of the country. Analysis also reveals that 

stations in southern Punjab are also drier.  

 

Fig.10.9  Stations receive Precipitation between (a) 100 to 200mm and (b) 50 to 100mm 

On the basis of Universal Thermal Scale Pakistan is very hot in summer except northern 

part of which is hot to warm. In winter it is cool except for coastal areas which are mild; 

the western belt and northern Pakistan are cold. 

 

Fig.4.10 Thermal based (a) Winter and (b) Summer Climates of Pakistan 

 

4.18 CONCLUSION 

 

All three fundamental types of classifications, i.e. empirical, genetic and applied, used in 

climatology have been taken into consideration. Being based on observable features 

emperical systems of classification are easy to organize. Based on temperature and 

precipitation observations, most of the emperical systems are found easily 
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comprehendible and measurable. On the basis of these classifications, it has been found 

that more than 60 percent of Pakistan lies in arid, dry and desert climate. High land areas 

are marked as temperate climate. Geographically, and on the basis of climatological data, 

overall Pakistan exhibits desert climate. High mountains in the northern areas act as a 

barrier obstructing the path of the weather systems and have been found to have a 

prominent influence on these climatic classifications. Monsoonal areas are winter dry 

while western disturbance areas are summer dry. Prairies and desert region properties are 

reflected in their data. Results reveal that Balochistan, Sindh, lower Punjab and southern 

KPK lie in the deficit precipitation area, hence, are vulnerable to drought. Pakistan is cool 

in winter and very hot in summer. 
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Chapter– V 
PRECIPITATION VARIABILITY AND TREND 

 
 
 
5.1 PREAMBLE 

 

Climate not only plays a major role in water resources availability, variability in envi-

ronmental systems from one year to another but also in socio-economics. Drought 

management, flood prevention and control, food and fiber production, etc. like planning 

and development of water resource schemes is directly affected by climate. Climate 

change may intensify the uncertainty in planning of water resources. Beside this, climatic 

change patterns may have consequences and intense effects for the society as a whole as 

well as for agricultural and natural ecosystems. Change of these conditions could change 

the location of the regions of major crop production on the earth (Reddy, et al., 2000). 

The ‘normal weather’ variability and its coupled extreme events indeed change the 

cultural practices required for successful crop production and zones of crop adaptation. 

Fiber supplies will alter regional competitiveness and social and economic stability 

alongwith climate and weather induced instability in food (Reddy, et al., 2000). 

Therefore, climatic variables analysis, viz., thermal (mean daily temperature, highest 

maximum, lowest minimum, etc.) regimes and moisture (rainfall, number of rainy days, 

relative humidity etc.) become prerequisite tasks in order to emphasize climatic changes 

and its role in causing a climatic hazard like drought.  

 

Number of measures of variability may be applied on a data set, e.g., the range (annual 

and/or interquartile), coefficient of variation, standard deviation and variance are most 

common. The largest minus the smallest observation gives the range of the data set. 

While useful in some cases, if some observations fall well outside the majority grouping, 

it does not very well capture the characteristics of data sets. With the help of interquartile 

range, this limitation is sometimes used to correct the discrepancies. Providing a measure 

of the variability of the middle 50 % of the observations, it uses a trimmed data set in 

which the smallest 25% and the largest 25% of observations are removed. 
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Variance is one of the most frequently used measures of variability. It is obtained by 

adding the square of the deviation of each individual entity. The deviation is the 

difference of individual and mean of 30 years or so of data (also called normal). The ratio 

of sum of square of deviation and total number of deviation is called the variance. The 

greater the variability of the observations in a data set, the greater the variance. A 

measure of the absolute variability in a data set is called the standard deviation and this is 

the square root variance. Coefficient of variation i.e. ratio of the standard deviation to the 

mean, is the most commonly used measure of relative variability and is expressed as a 

percentage. 

 

A certain threshold value of deviation indicates severity of drought or flood. Deficiency 

of rainfall is the primary cause of any drought, therefore for drought analysis, deviation is 

a good tool. 

 

Theoretical knowledge of the earth’s weather condition and state–of–art computer models 

suggested that shifting patterns of precipitation and global warming which increased 

surface temperature by 0.74+0.18oC in the former one hundred years i.e., (1906-2005) is 

occurring along with extreme weather events (Solomon, et al., 2007). Global surface 

warming is expected to further increase in the next century although instrument records 

of the past 10 000 years of surface temperature is still unkown (IPCC WG II, 2007). 

Global warming indicates that there would be an increase in moisture withholding 

capacity of the air i.e. global mean precipitation might increase due to increase in 

atmospheric moisture. An uncertain, per decade increasing tendency of nearly 1.1 mm i.e. 

(uncertainty ±1.5 mm) over 105 years (1901-2005) in land annual mean precipitation 

over the globe has been recorded. During the 20th century, especially during the last 30 

years, precipitation has decreased between latitudes 10°S and 30°N and generally 

increased from latitudes 30° to 85°N over the land area. A 7.5% decreasing trend in 

rainfall has been identified during 1900-2005 in southern Asia and western Africa 

(significant at <1% level) (Solomon, et al., 2007). In the lower latitudes, especially in the 

tropical regions, seasonally dry crop productivity has been projected to decrease even in 
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the case of trivial increase (1-2°C) in local temperature, which would ultimately amplify 

flood threat (IPCC WG II, 2007).  

 

Change in precipitation patterns have also been reported for the 21st century. During the 

establishment phase of the monsoon, land-ocean pressure gradient intensification is 

directly associated with increasing trends in South-Asian mean monsoon precipitation 

(Kripalani et al., 2007). 

 

Various agencies have investigated and identified a diversified precipitation pattern on a 

regional scale. Over mainland Spain and North Carolina (Boyles, et al., 2003) an upward 

precipitation trend was observed (Mosmann, et al., 2004); whereas in the Canadian 

Prairies (Gan, 1998), Greece (Giakoumakis, et al., 1997) and Bologna in Italy (Ventura, 

et al., 1999) experienced a declining trend. No trend in precipitation was identified over 

the Iberian Peninsula (Serrano, et al., 1999) and Japan (Xu, et al., 2003).  In addition, at 

global and regional level a comprehensive review of precipitation changes was also 

carried out, and along with a global increase in variance, a decreasing trend in 

precipitation over Russia, Kazakhstan, China and Thailand was identified (Dore, 2005). 

Causes of rainfall change may probably be due to many reasons, e.g.: 

 (a) increase of aerosols due to anthropogenic activities (Ramanathan, et al., 2001; Sarkar, 

et.al., 2004; Ramanathan, et al., 2005; Ackerman, et al., 2000); (b) forest cover reduction 

(Hingane, 1996; Meher-Homji, 1991; Chen, el al., 2001; Kothyar, et al., 1997; Lawton,  

et al., 2001; Nair, et al., 2003; Gupta, et al., 2005; Ray, et al., 2003; Avissar, 2005; Ray, 

et al. 2006) and land use change inclusive of the introduction of irrigated agriculture 

(Douglas, et al., 2006; Pielke, 2001; Pielke, et al., 2007; Ramankutty, et al., 2006); and 

(c) weakening of the global monsoon circulation over the earth  (Pant, 2003; Chase, et al., 

2003; Duan, et al., 2003) or global climate shift (Baines, 2006); 

 

The effects of adverse climatic anomalies resulting in drought, floods, extreme 

temperatures and storm development are particularly severe in marginal agricultural 

areas. Vulnerability to these anomalies is greatest in those parts of the world where 

population density is high and agricultural productivity low. A better comprehension of 
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the spatial and temporal frequency distributions of variability of climate and its effects on 

agricultural activities and production is urgently required for planning, use and food 

distribution on the national, regional and global scales.  

 

Year to year variation in regional meteorological conditions and climatic fluctuations 

characterized by series of consecutive years with favourable and unfavourable extreme 

conditions, cause oscillations in production which, in the long run, determines success or 

failure in the farming enterprise. This means that the degree of severity of the local or 

regional climate affecting agriculture can only be clearly assessed through the analysis of 

risk involved for each particular crop and for each place. 

 

Climate change and variability intensely affect worldwide natural and social 

environments. The consequent influences on industry and natural resources are large and 

far reaching. e.g., the profusion of water resources and the energy demand, climate 

fluctuations (seasonal to inter-annual) determine the success of agriculture, while climate 

change (long-term) may considerably modify landscapes, agricultural productivity, 

recreational activities and the services that are supplied by the ecosystems. Current 

advances in climate science provide an initiative in the form of information to resource 

managers and decision makers, to foresee and henceforth plan for potential impacts of 

climate change and variability. Further developments in climate sciences will 

substantially accelerate national capabilities of Pakistan to apply science-based 

information to better protect the environment and economic efficiency. 

 

According to instrumental record and climatic research, which dates back to the 1860s, it 

has been indicated that globally, the 1990s was the warmest decade. Prominent climatic 

changes may occur within decades or a lesser time span, but may last for centuries. 

During the 20th century, the increase of northern hemisphere surface temperatures, 

probably exceeds the natural variability record of the previous 1 000 years (IPCC, 2001a; 

2001d). A key role in these findings is attributed to instrumental records, in the long term 

variability context, through paleoclimate analysis. It has been indicated by observation 

evidence, along with model simulation which have incorporated an elaborate array of 
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anthropogenic and natural forces, that probably the changes which have been observed 

over the past numerous decades, are due to human activities, but it is quite likely that 

these changes may be due to natural variability (NRC, 2001a). With reference to the most 

recent IPCC assessments, all the climatic models project that in the 21st century all global 

mean temperatures will escalate, accompanied by significant environmental changes, e.g., 

rise of sea-level. Depending on the specific models and their emission scenarios, there 

may be significant variation in the magnitudes of the changes projected (IPCC, 2001a; 

2001d).  

 

This chapter investigates the climatic oscillations exhibiting prominent spatio-temporal 

variation with reference to topography and climate (humid subtropical to semi arid) over 

the country as a whole. Parameters like number of rainy days and annual precipitation, 

mean minimum, maximum and range of temperature, etc. which influence both the 

thermal as well as moisture regimes have been considered.   

  

5.2 CLIMATE VARIABLES 

 

All basic variables like temperature, humidity, winds and clouds must be measured as a 

function of pressure or height. Observation of the first three variables is made from 

radiosondes which are instrument packages lofted on balloons, released from weather 

observing sites located on the land or from ships. (PMD has only land observing stations 

in operation) (http://www.pmd.gov.pk/Observatories/index.html). Vertical profiles of 

temperature, humidity, wind and cloud measurements under special conditions are 

provided by satellites.  

 

On the land, instruments located either at manned or automatic stations record 

temperatures, precipitation, pressure, humidity and winds. At manned stations under 

PMD, some naked eye observations have also been taken e.g., clouds, visibility, present 

and preceding hour weather phenomena (http://www.wmo.int/pages/prog/www/IMOP/ 

publications/IOM-82-TECO_2005/Posters/P1(18)_Pakistan_Mir.pdf). Satellite 

observations which provide information of winds on the high seas hold great promise. An 
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array of techniques which include gauges and radar, observe precipitation on land, while 

on the high seas it is observed on board ships.   

 

The manned, as well as automatic stations routinely observe the land surface conditions 

which include hydrological variables e.g. soil moisture, river runoff, snow cover, etc. 

Satellite based data and images are used and analyzed by GIS software(s).  

 

 5.3 CLIMATE VARIABILITY IN PAKISTAN 

 

Events during the early 1970s highlighted the impact of climate variability on Pakistan. 

Abundant rain occurred during the 1970-71 wet season, but failed in the following years 

and drought was recorded in New South Wales and Queensland. The Southern 

Oscillation, well known extreme the El-Nino, is a major shift of air pressure between the 

east Pacific and Asian regions chacateristic of the  Southern  Oscillation (direction and 

strength) and are measured by a simple index and has been discussed in Chapter VII. The 

behaviour of the Southern Oscillation determines to a large extent the agro-productivity. 

Variation of the Southern Oscillation geographically correspond to Pakistan wheat yield 

(trend over time, removed). The drier periods i.e. the negative phases of the Southern 

Oscillation correlate with reduction in wheat crop production and vice versa.  Huge 

swings in the seasonal climate may be responsible for vulnerability in the tourism 

industry as well. A thorough understanding of the physical mechanism which controls 

this dramatic feature of Pakistan’s climate is essential, as this climatic variability can 

have far reaching impacts on Pakistan’s economy.  

 

Using maximum and minimum temperature data pertaining to 51 observing stations, 

located all over the country, the mean annual temperature anomaly has been calculated. 

These stations, which have been developed to monitor the long-term trends in Pakistan, 

are part of the high-quality climatic data set. Discontinuities in temperature records 

caused by changes due to site location, instrumentation, etc. have been corrected.  
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For all the high-quality temperature stations, relative to reference period 1961-90, using 

averaging scheme, Pakistan minimum and maximum temperature averages are computed 

from the station. The average of Pakistan’s mean minimum and maximum temperature 

anomalies is Pakistan’s mean annual temperature anomaly. 

 

Since the initiation of the 20th century, Pakistan’s mean annual temperature anomaly has 

been showing a consistently increasing trend (Chaudhary, et al., 1992).The 1980s and 

1990s have witnessed many of the warmest years on record.  Stations on the land, 

however, are at different elevations. The period with best coverage, i.e. 1961-90 is taken 

as reference point for reduction of monthly average temperature to anomalies. 

 

Fig.5.1       Mean Annual Temperature Anomaly (1981-2010 minus 1961-90) 
 
 
An estimate of base period average must be calculated, in order to make use of 

observations of the stations. In the absence of complete records for the 1961-90 period 

for some stations, data from other sources or neighbouring records may be used to 

estimate 1961-90 averages. In order to make individual observations comparable with the 

local normal for a specific day in a year, interpolation of historical data to create 

reference climatologies (averages for 1961-90) which are spatially complete and 

comprehensive have been used. (Climate Anomaly Monitoring System) CAMS for the 

year 1971-2000 on a 2.0 x 2.0 deg. latitude / longitude grid data, CAMS surface air 

temperature anomaly has been collected from the National Centre for Environmental 

Prediction (NCEP). Temperature Anomaly for September and July-September 2007, have 

been depicted in Figs.5.2 (a) and (b), respectively. 

       
Figs.5.2     Temperature Anomaly for (a) September and (b) July-September 2007  
Satellite data over oceans and station observations on the land are employed for 

establishment of surface air temperature anomalies and contours are drawn at intervals of 

+/- deg. C. Calculation of Pakistan annual mean precipitation anomaly follows the same 

procedure as that for temperature, on the basis of which annual average are calculated for 

the 1961-90 period. Anomalies were computed using deviation scheme. Difference of the 

Pakistan mean precipitation from mean reference precipitation gives the annual mean 



143 
 

precipitation anomaly for Pakistan (Fig.5.3). Generally, Pakistan’s annual mean 

precipitation has decreased since 1961; some of the driest recorded years occurred during 

1961s and 2010s; the last two decades having been notably dry.   

 

Fig.5.3      Mean Annual Total Precipitation Anomaly (1981-2010 minus 1961-90) 

 
Figs.5.4 Mean Annual Precipitation for (a) September and (b) July-September 

2007 

 

(Climate Anomaly Monitoring System-Outgoing longwave radiation Precipitation Index) 

CAMSOPI monthly precipitation anomaly, for the years 1979-2000, data has been 

collected from NCEP, USA on a 2.5 x 2.5 deg. latitude/longitude grid. Satellite 

precipitation estimate over the ocean and over land areas rain gauge data are employed 

for estimation of precipitation anomalies (Figs.5.4a and Fig.5.4b), which are expressed in 

millimeters (mm). For the top plot the contours are drawn at +/- 10, 25, 50, 100, ….,  500 

while for the 3 months anomalies plotting +/- 25, 50, 100, 200, 300, … , 1000 are 

engaged. As the satellite precipitation estimate go back only till 1979, the period for 

precipitation computation is 1979-2000. Polar orbiting satellite emitting longwave 

radiation form the basis of 0-1 [wrp] (OPI) in satellite precipitation estimates. 

 

5.4 MEASURES OF VARIABILITY 

 

From the statistical viewpoint, a very important aspect of the analysis is the identification 

of climatic fluctuations illustrated in the climatic time series. In the time series, statistical 

evidence of its persistence can be said to be proof of climatic fluctuation and hence may 

be considered as dependent. A time series may be composed of trends, cycles, 

persistence, other non-random components, etc. and therefore not be statistically 

independent. A steady and regular movement, in which values in a time series, on an 

average either increase or decrease, is a trend. Trend may be global if it is long lasting, or 

it may be local if the changes occur over short time intervals. Climatic factors or changes 

in landuse and catchment characteristic may result in oscillatory movements of low 
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frequency, giving rise to time-series trends. Considering the significance of climatic 

series, in this chapter, a discussion and analysis of the statistical tests of trend, 

periodicity, persistence, evenness and diversity has been made.  

 

5.4.1 Diversity and Evenness of Precipitation 

 

For evaluating evenness of precipitation formulae from species diversity were used, 

which reflect both the number as well as relative abundance of those species (Magurran, 

1988).    

 

In the application of diversity measures to rainfall, the species number is considered as 

analogous to the 12 months in a year, constant; while the total number of samples in each 

species is taken as being analogous to the monthly proportion of total annual rainfall. 

Equivalent amounts of rainfall in each month i.e. complete evenness is denoted by a 

Diversity Index equal to 1 while the reverse is all rain in one month i.e. complete 

unevenness is denoted by an index equal to zero. Information Theory Measures (Shannon 

and Brillouin indices) and Dominance Measures (Simpson, McIntosh and Berger-Parker 

indices) have been used for analysis of Diversity Measures. The latter gives weightage to 

Diversity Index towards the month with most rainfall i.e. the dominant month. 

Dominance Diversity Index decreases more rapidly than a Non-Dominance Value, if the 

rainfall is uneven i.e. if the amount of rainfall increases in one month, while it remains 

constant in the rest of the months. In the former, the natural logarithm of monthly 

proportional rainfall is used. Both measures take into consideration the proportion of 

rainfall in each month as well as the total number of months.  

 

Table 5.1 

Use of Diversity Indices in the Simulation Study 

Index Formula 
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where :   

      ni = monthly rainfall, N = annual rainfall 

  pi = proportion of monthly rainfall  

  S = total number of months = 12 

 

5.4.2 Persistence 

 

According to the definition of ‘persistence’ for climate variability and change given by 

the WMO (1966) it is a tendency of consideration of antecedent values, by successive 

values in a series, and being influenced by them. In order to detect the persistence of 

variations of normalized anomaly from one year to the next, and to assess its magnitude 

and nature, the value of r1 has been employed. In numerous studies, pertaining to long-

term climatic variations, this approach proposed by WMO (1966) and Matals (1967) was 

quite popular (Türkes, 1998; 1999; 2003; Nicholson, et al., 1993; Drosdowsky, 1993; 

Anyadike, 1993; Ogallo, 1979; Granger, 1977; Rodhe, et al., 1976). Normalized anomaly 

of the time series, for which the following equation has been used, is as follows:  

( )
σ

xxX t
t

−
=    (1) 

where, 

Xt = normalized anomaly of the series 
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 xt = observed time series 

x  = long-term mean and 

σ = standard deviation of annual/seasonal time series 

For lags L = 0 to m, all serial correlation coefficients of normalized climatic series are 

computed.  

Where  m = maximum lag (i.e. m = n/3) 

 n = length of the series  

Equation (2) given below was used for computation of Serial Correlation Coefficient. 
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where:  

          rL is the lag-L serial correlation coefficient of the series. 

 Equation (3) below was used for testing significance of serial correlation (Yevjevich V, 

1971).  

( ) ( )
Ln
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r g
tL g −

−−±−
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2
1

11
 (3) 

where:  

( )
gtLr = normally distributed value of rL 

 tg = normally distributed statistic at g level of significance 

At significance level of 0.01, 0.05 and 0.10, the value of tg are 2.326, 1.965 and 1.645, 

respectively. 

 

Being sufficient, from the engineering point of view the hypothesis test was conducted at 

0.05level. For the large value of r1, the ‘null’ hypothesis of randomness of climatic series 

for serial correlation is rejected. The null continuum is termed ‘white noise’ if r1 is 

statistically insignificant, or has a negative sign even if it is significant, it ensues that the 

series is not persistent. On the contrary, using r2 and r3, a Markov “red noise” or “null” 

continuum is identified if persistence in the time series is notified by positive serial 

correlation (WMO, 1966). Also, high frequency oscillations are denoted by significantly 
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negative r1, while the reverse holds true for positive r1, alongwith persistence in climatic 

series; the reason why upto lag 3 serial correlation coefficients have been employed in 

this study. 

 

5.4.3 Trend 

 

If addition or removal of few points from a time series may not cause variation in a trend, 

it is considered as a significant trend and is associated with an external force which affect 

the process while a non-significant one is that in which trend will disappear if there is 

addition of even one or two points which are contrary to the trend. With reference to the 

detection of trends and various other hydrological data changes, the WMO has signaled 

strict warnings of the misuse of trend techniques, e.g. a prominent change of step in a 

data series may give significant results, in a test for trend, although in actuality there may 

be no trend (WMO, 2000). Detection of time-series trend is possible by a number of 

approaches e.g. parametric or non-parametric. The former method assumes that data 

should be free from outlier and show normal distribution, while the latter method is free 

from such assumptions.  

 

The Mann-Kendall (MK) test is the most popular, non-parametric test used for deducting 

trends in the time-series, (Mann, 1944; Kendall, 1955) and is one of the most widely used 

for different climatic variations (Rodhe, et al., 1976; Granger, 1977; Ogallo, 1979; 

Anyadike, 1993; Drosdowsky, 1993; Nicholson, et al., 1993; Türkes, 1998; 1999; 2003). 

Serial independence in time series is essential for original Mann-Kendall test; but in 

many cases they are serially dependent i.e. autocorrelated; which will result in 

misrepresentation of the results of trend test. The chance of a significant answer is 

heightened even though there may be no trend, if there is positive serial correlation 

among the observations (Cox, et al., 1955). The empirical formula of statistic τ is:  

     
where:  

ni =number of values larger than the ith value in the series, and statistic (τ)t is:  
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where: 

 tg = value of t in the Gaussian distribution at probability point 

 

Cases where seasonality is found in the data is also a closely related problem which has 

been studied (Hirsch, et al., 1982). The effect of seasonality can be eliminated, by 

categorizing the observations into classes, season wise prior to performing the Mann-

Kendall test (Hirsch, et al., 1984; Hirsch, et al., 1982). Even though, the seasonal 

dependence effect may be eliminated by the seasonal test, yet the correlation in the series 

within the season is not accounted for (Hirsch, et al., 1984).  

 

5.4.4 Periodicity 

 

A combination of deterministic and stochastic components comprise most of the climatic 

atmospheric and hydrologic time-series and in this time series, periodicity is one of the 

major deterministic components. In order to handle the issue of periodicity of natural 

events such as climatological and hydrological time series, i.e. temporally occuring 

variations, the power spectrum also called generalised harmonic analysis was developed 

on the principles of Wiener (1930 and 1949). It is based on the concept that they are 

composed of infinite number of small oscillations, encorporating a continuous array of 

wave lengths. The spatial distribution of all possible variations of wavelength, within a 

specific time series is given in the spectrum. However, the procedure of computation may 

vary. The approach employed in the present work is that developed by Blackman and 

Tukey (1958) and Tukey (1950). Detailed descriptions are given in textbooks (Jenkins, et 

al., 1968; Blackman, et al., 1958; Julian, 1967; Bartlett, 1966; Brockwell, et al., 1996; 

Davis, 1941; Durbin, 1967; Chiu, 1989; Fuller, 1996; Nussbaumer, 1982; Parzen, 1957; 

Shumway, et al., 2000). 

 

5.4.5 Cluster Analysis 
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Given the local climatic variability, associated with each particular station, being unable 

to reflect regional changes (Rossel et al., 1999; Rossel and Garbrecht, 2000), the need 

was felt to integrate the stations into some regionalized pattern (sub-divisions into areas). 

WMO (2000) also emphasizes the importance of spatially integrated climate, as it 

provides more pertinent information on climatic variability as compared to that of a 

single station, which is of local featured “weather”. Owing to the diversified topography 

of the stations, different response to annual and seasonal rainfall and different climatic 

features, the need was felt to carry out analysis on a regional basis, therefore the 

aggregate monthly/annual data of 51 stations was used to undertake the Factor Analysis 

or Principal Components Analysis (PCA).  

 

In order to summarize climatic data in a comprehensive manner, spatial grouping is a 

convenient method (DeGaetano, 2001). For discovering of groups and identification of 

interesting patterns in the underlying data Cluster Analysis (CA) is one of the most useful 

procedures (Halkidi, et al., 2001). For grouping time periods into clusters that reflect the 

occurrence of weather patterns or events (Ramos, 2001) and for grouping stations into 

climatologically, homogeneous regions (DeGaetano, et al., 1990; Ahmed, 1997; 

DeGaetano, 2001), it has been recognized as an effective statistical tool. The purpose of 

CA is to place objects into groups suggested by the data, not defined previously, so that 

objects in a given cluster tend to be similar to each other in some sense, and objects in 

different clusters tend to be dissimilar. 

 

An objective of CA is to classify objects into categories not identified previously, on the 

basis of data, in a manner that the objects in a specific cluster tend to be similar to each 

other, while they are dissimilar to objects in other clusters. Divisive and hierarchical are 

the two main types of cluster techniques (Kaufman, et al., 1990). The purpose of the 

former techniques is to form consistent groups from the set of objects, whereby each 

object is placed only in one cluster. This preliminary assignment is conducted through 

random partitioning and shuffling of objects from one cluster to another until the stage of 

greatest similarity is achieved. In the latter technique, a single cluster is formed, 
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subsequent to progressive aggregation of clusters, i.e. each object itself begins as a cluster 

and subsequently a new cluster is formed to replace the previous two, by merging the 

closest clusters.  

 

The hierarchical method is the mostly commonly employed procedure (Wilks, 1995). Its 

purpose is minimization of information loss in the process of forming each possible 

number of groups n, n-1, …., 1.in the first step envisages combination of clusters P and Q 

in a manner that their fusion yields minimum increase in the summation of squares in the 

cluster. The distance of each object to the centroid of its cluster, gives n-1 groups. In 

order to achieve optimum value of objective function for n-2 groups, an exercise is 

conducted which examines the n-1 group, and assess whether a third member should be 

linked with the existing pair or whether the pairings is to be replaced. The procedure is 

continuously repeated, till the clustering of all stations into a single group, whereby all 

climatic differences are concealed (Ahmed, 1997). Based on the aggregation criteria, 

different hierarchical methods exist.  

 

Ward’s method of clustering is being employed in this chapter. Spatio-temporal 

precipitation variability has been studied in context to drought vulnerability in Pakistan. 

Hierarchical technique of clustering (Ward’s method) is being used to divide the country 

area into a limited number of climatically homogeneous zones based on the 

meteorological variable of seasonal precipitation for 51 meteorological stations. 

 

5.4.5.1 Principal Component Analysis 

 

Principal Component Analysis (PCA) is a useful technique for the reduction of 

information of a large number of variables, into smaller sets, with marginal information 

loss. It helps in the identification of a most significant correlation between a number of 

variables, thereby providing on insight into major proportion of the variance, with few of 

their linear combinations, on the basis of the original variables. 
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However, there are no clear cut criteria for the choice of retention of Principal 

Components under specific circumstances. It is a subjective choice, which depends partly 

on the data under consideration and the purpose of analysis. According to Rogers and 

McHugh (2002) and Rogers (1990) the Scree Plots of the eigen values determines the 

retention of number of pattern for rotation. 

 

With reference to the existence and location of breaks in dotted curves, a subjective 

judgement is deemed necessary for the use of scree plots (Wilks, 1995). Identification of 

the location of the first major shelf in the eigen values is possible while making the 

decision (O’Lenic, et al., 1988). In such a case the final shelf eigen value persistency 

accounts for greater than 5% of the total unrotated data set variance.  

 

Methodological differences among PCA studies pertain to question of application of 

oblique or orthogonal rotation to the unrotated eigen vector fields. The largest amount of 

overall data set variance in unrotated analysis is accounted for by the first eigen value or 

Emperical Orthogonal Function (EOF) modes of data fields which occur in unrotated 

solutions which is the main advantage of eigen vector rotation; although it may also be 

achieved by the redistribution of data set variance present in the first few unrotated EOFs 

(Rogers, et al., 2002; Rogers 1990).  Using Varimax Rotation procedure, orthogonal 

rotation on a certain number of unrotated patterns can be employed, to achieve robust 

statistical patterns. A simple factor is one with only 1s and 0s in the column, according to 

the Varimax procedure, and this simplification is considered equivalent to maximization 

of variance of squared loadings in each of the columns (On-Kim, 1970). A second set of 

variable evolves due to rotation of the eigen vectors. There are a number of methods of 

rotation of original eigen vectors, but all of them aim at producing simple structures in 

the emanating analysis, provided the quantity of elements in the results of rotated vectors 

near zero are large in number, while in the other rotated vectors, few of the remainder 

elements correspond to elements which are also close to zero. What emerge are rotated 

vectors which represent the few, main original variables which correspond to elements 

which are not close to zero. This represents the original values, which are split up into 

few rotated eigen vectors as is possible (Wilks, 1995). The use of rotation is strongly 
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advocated by the scientific community, as they state that it is a means of diagnosing 

statistically stable and physically meaningful patterns from data. The technique has its 

advantages in dividing areas into a limited set of homogenous sub-areas, i.e. 

regionalization (Storch, et al., 1999).  Statistical text books e.g. by Storch and Zwiers 

(1999). Preisendorfer (1988) and On-Kim (1970), etc. give detailed discussion of the 

Varimax Rotation method. 

 

5.4.5.2 Cluster Analysis (Ward’s Method) 

 

Ward’s Method also called Minimum Variance method, is a general hierarchical cluster 

method proposed in 1963. The sum of square between 2 clusters summed over all the 

variables has been employed to calculate distance between 2 clusters by Ward. In a p-

dimensional space, consider a p x n matrix (Wards, 1963).   

( ) ( )ji
T

jiji XXXXd −−=,  (4) 

The Euclidean distance between the variables Xi and Xj, where it is assumed that the m 

observations are independent. Euclidean distance ranges from 0 (i.e., identical vectors or 

variables) till +∞  (vectors showing / exhibiting no relationship). 

 

Merging of two clusters from the previous generation, gives the within-cluster sum of 

squares minimized over all partitions, at each generation. If cluster Cm is formed by the 

merging of 2 clusters Ck and Cl, the Euclidean distance between this new cluster and 

another cluster CJ, is denoted by the combined formula: 
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where nJ, nk, nl and nm are the number of objects in clusters j, k, l, and m, respectively, 

and dj,k, dj,l and dk,l, represent the distances between the observations in clusters j and k, 

between j and l, and between k and l, respectively (Ramos, 2001). 

 

Thus, Ward’s algorithm can be implemented through updating a stored Euclidean 

distance between cluster centroides. Ward’s method can be quite a versatile technique for 
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CA, even though it has been limited to Euclidean distance (Anderberg, 1973). Although, 

clustering results may be sensitive to the chosen method (e.g. average-linkage as opposed 

to Ward), Blashfield (1976) found that Ward’s method “clearly obtained the most 

accurate solutions” among the four hierarchical methods. He tested and recommended it 

to researchers who wished to use it as a hierarchical method. 

 

The analysis is initiated from the twigs, when each of the p observation X constitutes its 

own cluster, and at each step, one pair of ‘branch’ is joined as the 2 closest clusters re 

merged. Prior to the merging, the distance between these clusters are shown in the 

diagram, with the help of distance from the initial n-cluster stage of the ‘twigs’ to the 

merger point (Munoz-Diaz, et al., 2004). 

 

At each of the n-1 steps, a CA will produce varied groupings of n observations. Each 

observation represents a separate group in the initial step, while in the last step a single 

group represents all the observations. However, a practical problem with CA is the choice 

of the intermediate stage, which will represent the final solution. Although, there is no 

universally accepted technique, retention of the number of clusters in each method is a 

critical decision (Gong, et al., 1995). Thus, in the dendogram, choice of the level of 

aggregation for stopping the process of merging of the cluster has to be made, which is a 

subjective choice (Wilks, 1995). 

 

For determining the stopping point, inspection of plot of distances between 2 merged 

clusters (considered as a function of the stage of the analysis), is a traditional subjective 

approach. The distances between the clusters are small when similar clusters are merged 

in the early stages of the process, while their subsequent increase in each step is low. In 

the later steps of the process, large distances separate, the few clusters. The process can 

be halted, when it is noted that the distances between the merged clusters show marked 

increase, prior to their further enhancement of distances   

 

5.5 DATA AND METHODOLOGY  
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Long term climate data (viz. precipitation, temperatures, wind speed, humidity, etc.) of 

51 meteorological stations for the period 1961-2010 have been obtained from CDPC, 

PMD, Karachi. In order to determine variability in climate data, methods of deviation 

from Arithmetic mean of precipitation/temperature (Conrad, et al., 1950) is used. The 

degree of variation is shown by the differences between data amount and arithmetical 

mean of the data. The greater the difference, the greater is the level of variability and vice 

versa. Tests described for persistence, trend and periodicity have been applied on 

precipitation data. PAST software, developed at University of Oslo has been used for 

Diversity and Evenness. For the Kendall family for trend tests, Kendall software 

developed by USGS has been used in this study. MiniTab has been used for Cluster and 

Principal Component Analysis. Excel adds-in XLSTAT has been employed in periodicity 

study while commercial software MYSTAT has also been used for Box and Whisker 

pilot and other statistical tests/analysis, etc. 

 

5.6 RESULTS AND DISCUSSIONS 

 

Pakistan has vast latitudinal, longitudinal and altitudinal diversity within the sub-tropical 

high and temperate regions.  The altitudinal variation from zero meter msl from Gwadar 

Bay in Arabian Sea extends a western offshoot towards the Himalayas, where the loftiest 

peak K2 rises to an elevation of 8 611 meters above msl.  Pakistan receives two systems 

of precipitation, monsoon and western disturbances. Most of the precipitation occurs 

during the monsoon. The contribution of precipitation due to western disturbances 

accumulates snow in the mountainous region of Pakistan. From the rain-fed agriculture, 

point of view and solid precipitation (snow) accumulation, leading to filling of water 

reservoirs for irrigation and power generation, both systems of precipitation have their 

impact. The impact of excessive precipitation pattern mostly influences flooding, while 

deficit in annual precipitation results in drought. The flow of the Indus River is 

significantly reduced during the non-monsoon period and the near deltaic stretch 

becomes dry.  
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Pakistan can be divided into four regions based on the topography especially elevation, 

i.e. (a) the western Himalayan offshoots extend over the northern and north western parts 

of the country, containing the highest peak K2 (b) Plateau of Balochistan (c) Pothwar 

Plateau and Salt Range and (d) The most fertile and densely populated part of the country 

is the Indus plain.  The monsoon rainfall was derived from the monthly rainfall data 

pertaining to the period June to September which has been taken to represent monsoon 

season, while the rest of the period has been considered as non-monsoon.  

 

5.6.1 Diversity and Evenness of Precipitation 

 

In order to identify a measure which was sensitive to the slightest changes in rainfall and 

which also depicted the largest spread under various rainfall regimes as proposed by 

Anne Bronikowski and Colleen Webb (1996) the Shannon Diversity Index (SDI) and 

Evenness have been applied on precipitation data.  

 

Fig.5.5  Shannon Diversity Index for Precipitation (1961-2010) 

 

Spatial distributions of SDI evenness and diversity have been depicted in Figs.5.5 and 

5.6. It may be seen that month to month precipitation diversity has been found to occur 

between 0.4 and 0.6. Punjab and major part of Balochistan reveal more diversified 

precipitation. The analysis revealed that month to month precipitation amount variation is 

upto 60% over greater part of Pakistan. Precipitation diversity upto 40% has been found 

in northern GB/AJK, west to Nokkundi, Balochistan and between south of Karachi and 

Badin, Sindh. Spatial distribution of precipitation evenness of SDI is in the range 16 to 

25% and diversity analysis of SDI in the range 40 to 60%. 

 

Fig.5.6  Shannon Evenness Analysis for Precipitation (1961-2010) 

 

5.6.2 Persistence 
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Persistence is evident in long time series of climatic observations characterized by a 

positive serial correlation. Significant negative r1 are very likely to be indicative of high 

frequency oscillations, whereas significant positive r1 is likely to be indicative of low-

frequency fluctuations and persistence in climatic series. This feature will be further 

elaborated in section 5.4.2.  

 

For all the stations, serial correlation for all the lags (i.e. L = 0 to m) were computed. 

However, the pattern and analysis of serial correlation coefficient for annual precipitation 

up to lag 3 for all stations was made. The spatial distribution patterns of lags 1, 2 and 3, 

serial correlation coefficients over the country have been depicted in Figs.5.7 to 5.9. For 

producing the spatial distribution pattern of the variables, the Kriging method has been 

employed. 

 
 

Fig.5.7   Spatial Distribution of Serial Correlation of Mean Annual Total Precipitation 
lag-1 

 
 

Fig.5.8    Spatial Distribution of Serial Correlation of Mean Annual Total Precipitation 
lag-2 

 
 

Fig.5.9    Spatial Distribution of Serial Correlation of Mean Annual Total Precipitation 
lag-3 

 
Figs. 5.7 to 5.9 reveal that nearly all the stations show statistically insignificant Serial 

Correlation Coefficient (SCC) for annual precipitation. However, the country’s northern 

and western parts reveal the existence of persistence characterized by significant lag-1 

SCC; whereas, a small area characterized by significant positive lag 1- SCC in the eastern 

part of the country reveals high frequency variability (Fig.5.7). A third area identified as 

negative for annual precipitation shows spatial coherence of lag-1 SCC. A comparison of 

spatial pattern of lag-2 SCC and lag-1 SCC revealed that coherent areas with significant 

positive lag-2 SCCs are greater than that of the lag-1. Lag-2 SCCs although insignificant 

are mostly positive. On the other hand analysis of lag-3 SC of the annual precipitation 

revealed that there is marked reduction of the percentage coherent area. The lag-1 
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average correlation coefficient is 0.0967. This value is too low to suggest any persistence. 

The power spectrums for all 51 stations show a ‘white noise’ continuum in precipitation 

time series for the period 1961-2010. Two to three year significant cycle has been shown 

at 95% level in power spectrum analysis. Such cycles are generally called the Quasi-

Biennial-Oscillation (QBO). This QBO has been ascertained in the data for the period 

1961-2010. Mooley et al. (1984) also found similar results for the Indian and Chaudhary, 

et al., (1992) for Pakistan summer monsoon rainfall.  

 

5.6.3 Trend Analysis 

 

Time series of the precipitation for the period 1961 to 2010, were subjected to three non-

parametric statistical tests, viz. Mann-Kendall test, Modified Mann-Kendall test and 

Mann-Kendall test with pre-whitening of series for Trend Analysis. The two latter tests 

have been basically designed for the series with significant lag-1 SCC. Significant trend 

is not noted for time series with negative lag-1 SCC. Table 5.2 comprises correlation 

coefficient and trend line equation obtained by Mann-Kendall analysis.  

 

The spatial pattern of lag-1, 2, and 3 SCC of annual precipitation is depicted in Figs.5.7 

to 5.9. Spatial pattern of Z-statistics has been presented using the results emerging from 

Mann-Kendall test, although the trend results were produced using all the tests. For 

pattern analysis, regularized Spline method was used. For interpolation of data, in pattern 

analysis, regularized Spline method has been used. Fig.5.10 reveals the spatial pattern of 

trend statistics for annual precipitation. Based on the 90 % confidence level pattern were 

classified as follows:  

(i.e. Z < - 1.645;  -1.645 < Z < 0.0; 0.0 < Z < 1.645;  and Z > 1.645)  

These intervals exhibit significant negative, insignificant negative, insignificant positive 

and significant positive trends at 90% confidence interval, respectively. It can be 

observed that annual precipitation shows an overall rising trend, although insignificant 

declining trends are revealed in scattered patches throughout the country. For annual 

rainfall pattern trend line statistics of all stations has also been presented in the table. A 

decline in precipitation in most of the area has been noted in the northeast and south to 
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southwest. The water resource potential of the country is showing insignificant 

improvement as has been revealed by the trend analysis.  

 

Fig.5.10    Spatial Distribution of Mann-Kendall’s Z-statistics of Mean Annual Total 
Precipitation 

 

Table 5.2 
Mann-Kendall’s Trend Line Equations for Cities of Pakistan 

Station Names Correlation 
Coefficient 

Mann 
Kendall 
Statistic 

(S) 

Normalized 
Test 

Statistic 
(Z) 

Probability 
(P) Trend Line Equation 

Astore 0.01 11 0.09 0.9269 Y = 234.46 + 0.1143 * X 

Badin 0.014 14 0.12 0.902 Y = -188.17 + 0.1818 * X 

Balakot -0.092 -72 -0.8 0.4081 Y = 9643.5 -4.070 * X 

Barkhan 0.082 64 0.73 0.4629 Y = -2050.7 + 1.227 * X 

Bahawalnagar 0.162 108 1.4 0.1617 Y = -3684.4 + 1.949 * X 

Bahawalpur 0.092 79 0.85 0.3979 Y = -1812.7 + 0.9839 * X 

Bunji 0.179 185 1.74 0.0815 Y = -2251.2 + 1.207 * X 

Cherat 0.013 9 0.1 0.9199 Y = -226.35 + 0.4000 * X 

Chhor -0.002 -2 -0 0.9922 Y = 279.05 -0.04083 * X 

Chilas 0.157 163 1.53 0.1251 Y = -2197.8 + 1.198 * X 

Chitral 0.045 41 0.42 0.6755 Y = -975.01 + 0.7294 * X 

Dalbandin 0.077 80 0.75 0.4544 Y = -820.75 + 0.4524 * X 
Dera Ismail 
Khan 0.138 143 1.35 0.1788 Y = -2509.6 + 1.400 * X 

Dir 0.051 42 0.46 0.6452 Y = -1699.8 + 1.535 * X 

Drosh -0.062 -67 -0.6 0.545 Y = 2372.4 -0.9028 * X 

Faisalabad 0.023 22 0.21 0.8318 Y = -351.02 + 0.3543 * X 

Garhi Dupatta -0.246 -255 -2.4 0.0162 Y = 17105. -7.838 * X 

Gilgit 0.078 81 0.76 0.4488 Y = -658.66 + 0.3966 * X 

Gupis 0.225 203 2.11 0.0345 Y = -6624.7 + 3.417 * X 

Hyderabad -0.067 -72 -0.7 0.515 Y = 1469.4 -0.6778 * X 

Islamabad 0.203 219 2 0.0456 Y = -12373. + 6.800 * X 



159 
 

Jacobabad 0.051 55 0.5 0.6205 Y = -779.83 + 0.4333 * X 

Jhelum 0.108 117 1.06 0.2874 Y = -4001.9 + 2.450 * X 

Jiwani -0.063 -65 -0.6 0.5445 Y = 844.09 -0.3818 * X 

Kakul -0.056 -61 -0.6 0.5822 Y = 3813.8 -1.270 * X 

Kalat 0.309 266 2.87 0.0041 Y = -6353.9 + 3.273 * X 
 
 

Continue.... Table.5.2 

Station Names Correlation 
Coefficient

Mann 
Kendall 
Statistic 

(S) 

Normalized 
Test 

Statistic 
(Z) 

Probability 
(P) Trend Line Equation 

Karachi -0.092 -99 -0.9 0.3688 Y = 2697.1 -1.281 * X 

Khanpur -0.02 -20 -0.2 0.8526 Y = 532.04 -0.2211 * X 

Khuzdar 0.046 38 0.42 0.6777 Y = -819.93 + 0.5389 * X 

Kotli -0.084 -91 -0.8 0.4092 Y = 6793.7 -2.805 * X 

Lahore 0.145 157 1.43 0.1525 Y = -4933.9 + 2.795 * X 

Lasbela 0.183 69 1.34 0.179 Y = -5627.0 + 2.894 * X 

Muzaffarabad -0.002 -2 -0 0.9922 Y = 1791.4 -0.1678 * X 

Moenjodaro 0.167 50 1.14 0.2525 Y = -2250.6 + 1.154 * X 

Multan 0.123 133 1.21 0.226 Y = -1865.9 + 1.029 * X 

Murree -0.023 -22 -0.2 0.8318 Y = 2875.1 -0.5602 * X 

Nawabshah 0.002 2 0.01 0.9922 Y = 53.318 + 0.02722 * X 

Nokkundi -0.07 -66 -0.7 0.5109 Y = 368.66 -0.1716 * X 

Ormara -0.052 -26 -0.4 0.6852 Y = 661.75 -0.2942 * X 

Padidan -0.056 -60 -0.5 0.5885 Y = 931.59 -0.4286 * X 

Pasni -0.013 -10 -0.1 0.9133 Y = 284.23 -0.09730 * X 

Parachinar -0.025 -24 -0.2 0.8161 Y = 1733.7 -0.4610 * X 

Peshawar 0.258 279 2.55 0.0108 Y = -6693.4 + 3.583 * X 

Panjgur -0.066 -68 -0.6 0.5258 Y = 823.55 -0.3700 * X 

Quetta 0.097 105 0.95 0.3402 Y = -1830.4 + 1.043 * X 

Rohri 0.156 169 1.54 0.1234 Y = -1875.0 + 0.9810 * X 

Saidu Sharif 0.109 61 0.89 0.3738 Y = -4376.8 + 2.706 * X 
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Sialkot 0.103 111 1.01 0.3131 Y = -5301.3 + 3.125 * X 

Sibi 0.17 168 1.63 0.1023 Y = -3190.7 + 1.681 * X 

Skardu 0.162 160 1.56 0.1199 Y = -2954.8 + 1.582 * X 

Zhob 0.023 25 0.22 0.8258 Y = -420.89 + 0.3649 * X 
 

5.6.4 Periodicity 

 

Spectral estimates of Periodicity significance was evaluated at 90 and 95 % confidence 

levels pertaining to the appropriate null continuum (red or white noise). XLSTAT has 

been used which is a Microsoft Excel statistical add-in developed to enhance the 

analytical capabilities of Excel. This add-in, transforms precipitation time series into it’s 

coordinates in the space of frequencies and analyzes its characteristics in this space. From 

the coordinates, Periodogram and Spectral Density have been extracted and tested 

whether the series is stationary. Seasonal components have been identified by looking at 

the spectral density and deciding to which extent of noise it should be filtered.  For 

sample time series of provincial and all Pakistan annual precipitation, Figs.5.11.1 to 

5.11.6 show the correlograms; Figs.5.12.1 to 5.12.6 relationship between the frequency 

and Figs.5.13.1 to 5.12.12 power spectral estimates. The amplitude of the spectrum has a 

declining trend from long to short wavelengths, corresponding to the increasing order of 

lags, if there is persistence in time series and the spectrum changes over all the 

wavelengths. Under such a condition the spectrum is termed as ‘red noise’. For spectrum 

of a time series, with Markov-type persistence i.e., exponential relationship between r1, 

r2 and r3, it was assumed that the appropriate null hypothesis was Markov red noise 

continuum. A ‘white noise’ continuum on the other hand is a series characterized by an 

insignificant positive lag-1 SCC or a series that is not a simple Markov-type has a 

significant positive lag-1 SC; and any series was deemed as white noise continuum if it 

had negative lag-1 SCC and it showed high frequency variability (i.e. P = 1/λ years). 

Power spectrum plots and tables for all the variables have been prepared. However, only 

power spectrum plots of annual precipitation (provincial and country-wide) have been 

depicted (Figs.5.13.1 and 5.13.2) as showing all the plots and tables. For evaluation of 
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power spectrums, computation of period values using equation (P = 2m/L) for time series, 

for all stations, provinces and country- wide was executed. 

 

Analysis has revealed that fluctuation of 2.0 to 4.0 years in short-term period is dominant, 

while those for 7.0 to 39.0 years in medium and long-term periods are less dominant. 

While  preparing  water  resource  plans,  the  feature of  high  frequency  or  short  term  

 

.5.11.1 to 5.11.6 Correlograms for Mean Annual Total Precipitation of the 

Provinces (1)  GB and AJK     (2) Balochistan     (3) KPK     (4) Punjab  and  (5) Sindh  

and   (6) Pakistan for the period  1961-2010 

 

Figs.5.12.1 to 5.12.6 Standardized Actual and Low-Pass Filtered Mean Annual Total 

Precipitation for the Provinces  (1) GB and AJK    (2) Balochistan (3) KPK  (4) Punjab  

(5) Sindh and  (6) Pakistan for the period  1961-2010 

 

Fig.5.13.1 Spectral Density and Periodograms for Annual Precipitation of the three 

Provinces (GB and AJK, Balochistan and KPK) for the period 1961-2010 

 

Fig.5.13.2 Spectral Density and Periodograms for annual Precipitation of the two 

Provinces (Punjab and Sindh) and Pakistan for the period 1961-2010 

 
periodic behaviour of rainfall patterns should be kept in mind. Results of the power 

spectrum analysis reveal dominating short period fluctuations (2.0 to 4.0 years). Such 

fluctuations are liable to increase the probability of meteorological and agricultural 

drought, hence frequently disturbing the planning of rabi/kharif crops in Pakistan. 

 

5.6.5 Cluster and Principal Component Analysis  
 

The PCA performed on annual total data, extracted twelve components with initial 

eigenvalues greater than 1.0 with PCA-1 accounting for 9.44% of the variance and PCA-

2, 4.98%.  Cumulative variance of first twelve components is 75.8%. Spatial and 

temporal variations have been depicted in Figs.5.14 and 5.15. Dendrogram with Ward’s 
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linkage and correlation coefficient in Fig.5.16. Fig.5.18 has exhibited similar groups of 

stations. The grouping by clustering analysis has resulted in forming five (5) different 

areas, i.e. Area-1 to Area-5, which has been shown in Figs.5.18 to 5.22. Parachinar has 

been found as an outlier, topographically and climatically. Therefore, it may be included 

in Area-3 as per its topography and climatic features. 

  
Fig.5.14    First Principal Component for Annual Precipitation across Pakistan 
 

Fig.5.15   Temporal Variation of First Principal Component for Annual Precipitation 
 

Fig.5.16    Dendrogram with Ward Linkage and Correlation Coefficient Distance 
 
 
Spatial variance of first PC of annual precipitation illustrates that the northern part of 

country of i.e. Areas 1 and 2, record positive variance. Due to higher persistence, the 

northern part of the country records high values. Area-4 has mixed variance; the variation 

subsequently, turns into high from southeast to the north western part. Area-3 reveals 

increasing trends from the southeast to west-northwest. While, Area-5 reveals negative 

variance from north to south. 

. 

Fig.5.17     Box and Whisker plot of areal average mean annual total precipitation (1961-
2010) in Pakistan. The small (red) double circle is the mean value, the center 
point of the box denotes the median values and the height of box is the 
difference between the third and first quartiles (IQR). Any data observation 
lies 1.5 IQR lower than the first quartile or 1.5 IQR higher than the third 
quartile can consider an outlier in the statistical sense, indicated by asterisk.  

 
 
Box and Whisker Plot of mean annual total precipitation (1961-2010) for all 51 

meteorological stations in Pakistan has also been analyzed and shown in Fig.5.17. The 

small, red    double circle is the mean value; the centre point of the box    denotes the 

median values, the difference between the 3rd and 1st Quartiles i.e. Inter Quantile Range 

(IQR) is depicted by the height of the box. In the statistical sense, any data observation 

may be considered as an outlier if it lies 1.5 IQR lower than the first quartile or 1.5 IQR 

higher than the third quartile, indicated by asterisk ( ). Chilas in GB; Kalat, Khuzdar, 

Ormara, Pasni, Punjgur and Quetta in Balochistan; Balakot, Chitral and Parachinar in 
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KPK; Bahawalpur, Faisalabad and Multan in Punjab and Badin in Sindh reveal IQR 

higher than third quartile, while only Chitral in KPK records IQR, lower than first 

quartile in annual precipitation data. 

 

Fig.5.18  PCA based Sub-Division of Areas across Pakistan  

 

Precipitation and temperature are the two key weather elements, variability of which 

gives the nature of the climate over a particular area. Located in the temperate zone, 

Pakistan is, generally, characterized by hot and arid to semi-arid climate but with 

tremendous diversities from north (cold/ very cold winters) to south (hot summers).  

 

Area-wise analysis and its variability are as follows: 

 

5.6.5.1 Area-1 

 

Area-1 having the most northern location at an average altitude of 2 052.60 m amsl 

consists of nine (09) stations (Astore, Chilas, Gilgit, Bunji, Skardu, Gupis, Chitral, Drosh 

and Parachinar as outlier to this cluster, hence merged with Area-3) and records 313.90 

mm annual precipitation and 5.20o C mean annual temperature. This high mountainous 

area is characterised by Arctic climate. Astore  is  the  coldest   station  in the country 

with mean minimum -7.20°C and Gupis is the second coldest station in Area-I, where 

mean minimum temperature is  -5.40°C.  Skardu is the base camp for mountaineering 

expeditions, with the world’s second highest peak K2 (8 611 m) located here.  

 
Fig.5.19.1   Standardized Anomaly of Astore, Bunji, Chilas, Chitral, Drosh and Gilgit 

in Area-1 (1961-2010) 
 

Figs.5.19.1 and 5.19.2 depict the 50 year time series of Standardised Anomaly for all the 

eight stations in Area-1. Apparently, marked increase (positive index of 1 and higher) and 

decrease (negative index less than -1) has been recorded for different years. All eight (08) 

stations have revealed lower anomalies during the period 2000-2003. Area-1, overall 

depicts some mixed signals, with 1971, ’77, ’82, ’83, ’88 and 2001 being large negative 
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anomalous years, touching the index at -2 followed by intermittently positive index of 1 

in the following years, while during the early ’90s, couple of years show +2 and, 

subsequently, negatively anomalous years from 2000-’04.  

 
Fig.5.19.2   Standardized Anomaly of Gupis and Skardu in Area-1 (1961-2010) 
 

5.6.5.2 Area-2 

 

Area-2 is located in the north, with ten (10) stations (Garhi Dupatta, Muzaffarabad, 

Kakul, Murree, Balakot, Kotli, Islamabad, Jhelum, Lahore and Sialkot) at an average 

altitude of 774.90 m amsl with 1259.40 mm annual precipitation. Area-2 is located, just 

to the south of Area-1. It is a sub-mountainous area experiencing cold winters with 

average minimum temperatures around 4.40°C and warm summers with average day 

temperatures around 33.60°C, except in the hill station, Murree where mean maximum 

temperature remains below 23.20°C . It is also the coldest station with mean minimum 

temperature -0.80°C and the wettest station of the area with 1776.90 mm precipitation per 

annum. Interannual precipitation variability depicted in Figs.5.20.1 and 5.20.2 which 

shows that series of decreasing and increasing anomalous years occur during the period 

1961-2010. These five to six years (1972, ’74, 2001-02 and ’09 exhibit long markedly 

negative anomalous years less than -1 and nine positive anomalous more than +1. 1968-

72 and 1998-2002 were the longest dry spells.  

 
Fig.5.20.1   Standardized Anomaly of Balakot, Garhi Dupatta, Islamabad, Jhelum, 

Kakul and Kotli in Area-2 (1961-2010) 
 

Fig.5.20.2   Standardized Anomaly of Lahore, Murree, Muzaffarabad and Sialkot in 
Area-2 (1961-2010) 

 
5.6.5.3 Area-3 

 

Area-3 is the central part of Pakistan, east of Areas 4 and 5, and includes eleven (11) 

stations i.e. Barkhan, Faisalabad, D.I.Khan, Multan, Bahawalnagar, Bahawalpur, Cherat, 

Peshawar, Khanpur, Dir and Saidu Sharif to this cluster. The outlier station, Parachinar of 

Area-1 has merged in this area.  This cluster lies in the plain area with moderate winter 
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mean minimum temperature of 3.9°C and warm summers with mean maximum summer 

temperature, 32.8°C. Located entirely in the plain, except Dir and Parachinar, at an 

average altitude of 534 m amsl, the area is characterized by dry and hot summer climate 

and mild winter. Cholistan desert is located towards the centre of the area. It is one of the 

driest regions in the country, with an average winter rainfall of 24.6 mm. The long term 

average winter rainfall of the area is 497.9 mm. The mean annual total precipitation is 

497.9 mm. The mean minimum temperature of the area is 3.2°C in January. Parachinar is 

the coldest place with -3.4°C in January. Bahawalpur is the warmest place, where 

temperature of the coldest month is 5.8°C. Figs.5.21.1 to 5.21.3 shows precipitation 

anomaly of this area. Overall 1962-74 was the average worst dry era except 1967 and 

1973. The second average dry spell in his area was from 1999-2002. 

 
Fig.5.21.1   Standardized Anomaly of Bahawalnagar, Bahawalpur, Barkhan, Cherat, 

D.I.Khan and Dir Stations in Area-3 (1961-2010) 
 
Fig.5.21.2   Standardized Anomaly of Faisalabad, Khanpur, Multan and Parachinar, 

Peshawar and Saidu Sharif Stations in Area-3      (1961-2010) 
 

5.6.5.4 Area-4 

 

Adjacent to the east of Area-5, lies Area-4, covering southern Pakistan which consists 

upon almost total Sindh and eastern part of Balochistan. Thirteen stations are included in 

this category. Jacobabad and Sibi are the hottest stations with long-term average 

maximum temperature touching 44.4°C and 45.6°C, respectively. These stations extend 

entirely over the plain area with average altitude of 138 m amsl, characterised by dry and 

hot summers and mild winters. This area comprising Khuzdar, Lasbela, Sibi, Jacobabad, 

Moenjodaro, Rohri, Ormara, Karachi, Badin, Chhor, Hyderabad, Nawabshah and Padidan 

meteorological stations, lie in the extreme south of the country. The bulk of this area is 

comprised of plain area, characterised by tropic to sub-tropic climate. The average mean 

minimum temperature of the area is 18.90°C, mean maximum temperature being 33.70°C 

and long-term mean annual total precipitation 159.20 mm. Karachi, the megapolis of 

Pakistan, is the fourth wettest station of the area. Being coastal stations, Karachi and 

Ormara exhibit typically tropical moderate climate with warm and humid summers and 
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mild winters.  The Standardized Anomalies of the area have been depicted in Fig.5.22.1 

to 5.22.3. This is the most drought affected area which receives precipitation twenty five 

times below normal. The 1962-74 was the longest dry spell in which 1964 and 1970 were 

0.20-0.50 above normal and 1967 received 1.90 above the normal and about nine times 

less than -1 and eight times above +1. 

 
Fig.5.22.1   Standardized Anomaly of Badin, Chhor, Hyderabad and Jacobabad 

Stations in Area-4 (1961-2010) 
 
Fig.5.22.2   Standardized Anomaly of Karachi, Khuzdar, Lasbela, Moenjodaro, 

Nawabshah and Ormara Stations in Area-4 (1961-2010) 
 
Fig.5.22.3   Standardized Anomaly of Padidan, Rohri and Sibi Stations in Area-4 

(1961-2010) 
 

5.6.5.5 Area-5 

 

This area comprising Dalbandin, Nokkundi, Jiwani, Pasni, Quetta, Kalat, Panjgur and 

Zhob meteorological stations, lies in the extreme west of the country.  Area-5 oriented 

northeast-southwest, stretches over western Pakistan. Eight stations are included in this 

category. It extends mainly or across the mountainous area of cold/ severe cold winters 

and mild summers with long-term annual winter rainfall of 64.5 mm and mean minimum 

temperature of 4.6°C. In case of failure of western disturbances, precipitation in this area 

is highly variable, therefore is susceptible to drought as 80% of the area is dependent on 

western disturbances for precipitation. One such occurrence was during 1998-2002. Kalat 

(2 015 m) is the highest and coldest meteorological station in this area, whereas, Zhob is 

the wettest station, with 288.50 mm. With mean annual total precipitation 249 mm, the 

second coldest station Quetta, recorded mean minimum temperature of -1.80°C in the 

area.  The Standardized Anomalies of the area have been depicted in Figs.5.23.1 to 

5.23.2. This area received four times above +1 and five times below -1. 1962-74 was the 

longest dry spell except for three times when positive values did not exceed 0.70. The 

second dry spell was from 1999-2004. 

 
Fig.5.23.1   Standardized Anomaly of Dalbandin, Jiwani, Kalat, Nokkundi, Panjgur 

and Pasni Stations in Area-5 (1961-2010) 
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Fig.5.23.2   Standardized Anomaly of Quetta and Zhob Stations in Area-5 (1961-
2010) 

 

5.7 CONCLUSIONS 

 

Analysis concludes that approximately, the presence of persistence, characterized by lag-

1 serial correlation is shown by 30 % rainfall time series, Mann-Kendall’s trend analysis 

is significantly affected by the presence of serial correlation in the time series. Overall, 

insignificant rising trend was observed at all the stations. Mann-Kendall’s Z-statistics for 

annual precipitation reveals spatial mean in the range -2.4 to 2.9. Few of the series have 

higher values of Z-statistic, regardless of most series, having significant trends. High- 

frequency fluctuations with short-period cycle dominating over the country was 

observed. However, low-frequency fluctuations were also identified. Great consistency 

has been observed between results of the power spectrum analysis and the lag-1 serial 

correlation. Negative lag-1 serial correlation coefficients reveals high frequency 

fluctuations, while positive values are indicators of low frequency.  Yearly seasonal 

analysis across Area-1 and Area-2 over the 50 years study period have revealed a slight 

increase in rainfall which is not statistically significant. Area-3 has witnessed a 

significant decrease. Area-4 has also experienced a declining trend. Area-4 has shown 

significant rising trend but with no significant overall change across the area. Area-5 has 

revealed decreasing trend. A significantly, declining trend across the entire area of 

Pakistan, has been witnessed. PCA has identified higher modes of oscillation present in 

interannual variability of annual precipitation over the country.  
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Chapter – VI 
EVAPOTRANSPIRATION ANALYSIS 

 
 
 
6.1 PREAMBLE 

 

During the onset of drought, changes in evaporation and transpiration depend on 

duration, severity and moisture availability. A common weather condition during drought 

is below-normal humidity and cloud, above-normal wind speed and sunshine hours. If 

soil moisture is available, these factors escalate the rate of evaporation from the soil 

surface and from open bodies of water. 

 

Plants may attempt to conserve water by decreasing transpiration during drought. Leaf 

and root characteristics of plants play an important role in decreasing the magnitude of 

transpiration. Deep rooted plants do not obtain water from the overlying soil zone but 

from the water table, therefore under drought condition transpiration by phreatophytes 

slightly decreases in saltcedar, cottonwoods, Bermuda grass and alfalfa. e.g., alfalfa roots 

have been traced at depths ranging from 66 feet and beyond (Meinzer, 1927).  Xerophytic 

plants, with thick, fleshy succulent leaves have large surfaces for obtaining water, 

therefore low transpiration, in addition to extensive root systems which also decrease 

transpiration. Similarly, some species of deciduous trees in humid areas, by the process of 

leaf shedding or curling, decrease transpiration during droughts (Kozlowski, 1964). In 

agricultural areas, decrease of transpiration during droughts is magnified, as a result of 

which foliage becomes severely stunted and in extreme cases crops may die altogether. 

 

In the hydrologic budget, apart from precipitation, the major component is 

evapotranspiration, which includes the process of evaporation not from wetlands but also 

from open bodies of water, bare soil and snow cover, while the process of transpiration 

occurs in vegetation. Solar radiation and wind speed are principle climatic factors 

influencing evapotranspiration. During drought, evaporation from open bodies of water 

increases but reduces in the case of transpiration by plants, specially shallow-rooted 

plants. 
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 Seasonal trends of air temperature and evapotranspiration occur concurrently with rate of 

maxima in summer and minima in winter. Polar-orbiting satellites provide relative 

measurements of seasonal duration of vegetal growth, density of vegetation cover and 

plant vigor is obtained by Polar - Orbitting satellite, with the help of Advanced Very 

High Resolution Radiometer instruments. These measurements are very useful and have 

been used over large areas for monitoring the temporal and spatial persistence of drought. 

 

In order to effectively manage the nation's water resources, water managers must 

understand the significance of evapotranspiration in the hydrologic budget. It is also 

important to have knowledge of the regional as well as seasonal changes and 

evapotranspiration variability during droughts. 

 

Fig.6.1.1       GB/AJK – Precipitation  
 

Fig.6.1.2       Balochistan – Precipitation  
 

Fig.6.1.3       KPK/FATA – Precipitation  
 

Fig.6.1.4       Punjab – Precipitation  
 

Fig.6.1.5       Sindh – Precipitation  
 

6.2 EVAPORATION, TRANSPIRATION AND EVAPOTRANSPIRATION 

 

Evaporation is the primary process of water transfer from the surface, in the hydrological 

cycle.  

 

Due to the prevailing meteorological conditions from a vegetated surface, transpiration 

plus evaporation with unlimited water supply, comprises the maximum possible rate and 

is called Potential Evapotranspiration (EO) or Potential Evaporation. EO represents 

maximum value of actual evaporation (EA): EO = EA. 
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In case of vegetation with unlimited water supply, evaporation together with transpiration 

is called evapotranspiration (Eo). Evapotranspiration represents the maximum possible 

rate due to the prevailing meteorological conditions.  

 

On a normal day, the amount of water evaporated is called actual evaporation, i.e., actual 

evaporation is the amount of water, which has been evaporated, not the amount which 

could have been evaporated. 

 

A deep insight into the evapotranspiration process as well as awareness about the rates of 

evapotranspiration in space and time is essential for water planners and water resource 

distribution adjudicators. 

 

Potential evaporation and field water consumption in Pakistan has been estimated to aid 

in water consumption/transfer from the Indus and its tributaries. The relationship between 

precipitation and evapotranspiration has been employed to achieve a rough estimate of 

the water deficit. 

 

Many Potential Evapotranspiration methods have been studied for Pakistan e.g. 

International Water Management Institute, Lahore (IWMI, 2001), reported and published 

a working paper on the Indus basin irrigation systems’ Reference and Potential 

Evapotranspiration. 

  

6.3 EVAPORATION FROM SOILS 

 

Water stored in small pores between soil particles evaporates from the soil. The pores are 

filled with water when rainfall hits the ground, most of it leading to watercourses or 

infiltrating to the ground water. From the point of field capacity, i.e. the amount of water, 

which the soil manages to hold after free drainage, to the moment of wilting point, when 

water is accessible for evaporation, the water content becomes greater than the field 

capacity; the process is called evaporation from free water surface.  
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6.4  TRANSPIRATION 

 

Water evaporates through vegetation, from the soil and/or from open water. Evaporation 

through vegetation is called transpiration. Transpiration and evaporation together is 

termed evapotranspiration. Stomata, the pores of leaves are responsible of transpiration. 

Stomata-resistance, rs, i.e., the light, temperature of the leaf and the amount of water in 

the leaf, control the amount of vapour released from the pore. The value of rs is raised, if 

the content of water in the vegetation is low or it may occur due to dry weather.  

 

In order to provide an insight on the differences between the two terms Potential 

Evapotranspiration (ETp) and Reference Evapotranspiration (ETo), they have been 

explained herewith. This will enable communication between farmers, extension agents, 

and researchers in the academic environment.  

 

Knowledge of the process of Evapotranspiration (ET) is of great significance, in many 

disciplines, e.g. hydrologic and drainage studies, irrigation scheduling and irrigation 

system design. An extensive definition of evapotranspiration is that it is a combination of 

processes, transpiration through plant canopies and evaporation from soil and plant 

surfaces. It is a process, in which water is transferred in the form of water vapor, from 

plant surfaces and soil into the atmosphere. In practice, for a specific crop, the estimation 

of evapotranspiration rate requires, firstly the calculation of Reference or Potential 

Evapotranspiration and then estimation of Actual Crop Evapotranspiration (ETa) by the 

application of proper Crop Coefficients (Kc).  

 

In order to eliminate crop specific changes in the evapotranspiration process Reference or 

Potential Evapotranspiration has been defined. Constant crop conditions have been 

assumed in the Potential Evapotranspiration definition. However, in this definition, ETa 

the reference crop is not well specified, therefore it may cause problem in total crop 

component elimination. The process of elimination of crop specific changes is rendered 

easier as Reference Evapotranspiration is based on hypothetical crop (FAO, 1998). 
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6.5 POTENTIAL EVAPOTRANSPIRATION (ETP) 

 

The concept of Potential Evapotranspiration was introduced by Penman in the mid 

twentieth century. It has been defined as the amount of water transpired by a short green 

crop, completely shading the ground with uniform height, during the specified time, 

having soil profile with adequate water status (Penman, 1948). Note that in the definition 

of Potential Evapotranspiration, evapotranspiration rate is not related to any particular 

crop. Short green crops may include many types of agronomic and horticultural crops. 

Evapotranspiration rates occurring from short green grass may be 10 to 30% lesser than 

that from well-watered agricultural crops. An analysis of Potential Evapotranspiration 

depicted in Figs.6.3.1 to 6.3.5 has been presented (as a finding of this reaseach work), in 

section 6.10 of this chapter.  

 

6.6 REFERENCE EVAPOTRANSPIRATION (ETO) 

 

FAO (1998) defines Reference Evapotranspiration on the bases of few assumptions. The 

hypothetical reference crop should be: 

i. free of diseases  and water stress  

ii. height of  4.72 inch (i.e. 0.12 metre) 

iii. surface resistance of  70 second per 3.2feet (i.e. 70 second per metre) 

iv. 0.23 albedo 

This process closely resembles evapotranspiration from an extensively spread well-

watered, green grass with uniform height, fully shading the ground and actively growing 

(FAO, 1998). The terms "reference evapotranspiration" and "reference crop 

evapotranspiration" have been interchangeably used and represent the same 

evapotranspiration rate as that from a short, green grass surface.  

 

To avoid ambiguities, in the late 1970s and early 80s researchers and irrigation engineers 

introduced the concept of the Reference Evapotranspiration, which also constituted part 

of the definition of Potential Evapotranspiration. By adaptation of reference crop (grass), 

selection of consistent crop coefficients has become easier and more practical. In order to 
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make reliable actual estimates of Crop Evapotranspiration (ETa) in new areas, the 

transferability of the crop coefficients from one location to another, has been enhanced by 

the Reference Evapotranspiration concept. In addition, the use of this concept has aided 

in the selection of consistent crop coefficients and calibration of evapotranspiration 

equations for specific local climates. 

 

The weather (i.e. agro-meteorological and/or climatological) is one of the important 

differences between the Potential and Reference Evapotranspiration. The climate data 

employed for its estimation is that the data collection site in Reference 

Evapotranspiration is well defined, should be collected in a well-maintained grass area, 

well-irrigated (approximately two hectares) (4.94 acres), and reference (well-defined) 

environment. The final estimated Reference Evapotranspiration value will ultimately 

affect the quality of the weather data, e.g., the average air temperature in a dry, hot month 

may be as much as 5 to 6oC (9 to 10.8oF) lower in a well-irrigated land than for a dryland 

(non-irrigated). Vapour pressure and relative humidity deficit values will be affected by 

differences in air temperature. These differences will lead to differences in the Reference 

Evapotranspiration, which have been calculated on the bases of weather data collected 

from two sites (well irrigated versus dry).  

 

The Reference Evapotranspiration concept has been popular among scientists and 

engineers throughout the world. Specific equations and standardized procedures have 

been recommended for estimating Reference Evapotranspiration. The Food and 

Agriculture Organization (FAO) of the United Nations (UN) Expert Consultation on 

Revision of FAO Methodologies for Crop Water Requirements (FAO, 1998) and the 

International Commission for Irrigation and Drainage (ICID) recommended the use of the 

Food and Agriculture Organization of the United Nations Paper No. 56 Penman-Monteith 

equation (FAO, 1998) as the standard method for estimation of ETo. Henceforth, for 

Reference Evapotranspiration estimations, this equation has become quite popular and is 

being used throughout the world. In order to create a standard ground between farmers 

and their advisors and between the researchers in Florida and other states, there was a 

recommendation for employment of the Grass-Reference Evapotranspiration concept to 
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be used for water management and irrigation scheduling, hydrologic studies and drainage 

researches (FAO, 1998). 

 

6.7 ARIDITY AND AGRICULTURE IN PAKISTAN 

 

Arid environments are charcterised by extreme diversity with reference to landforms, 

soils, flora, fauna, water balances and human activities, hence, no plausible definition of 

arid environments has so far been derived. However, aridity which is a function of 

rainfall and temperature is the binding element of all arid regions.  

 

Nearly one-third of the world’s total area is arid land. Out of this, the hyper-arid zone 

with aridity index 0.03 covers 4.2 percent, the arid zone with aridity index 0.03 – 0.20 

covers 14.6 percent and the semiarid zone with aridity index 0.20 – 0.50, covers12.2 

percent.  

 

Hyper-arid zones comprise dryland areas devoid of vegetation, except for scattered 

shrubs, which are few and far between and where true nomadic pastoralism is often 

practiced. Such areas have low mean annual precipitation, rarely exceeding 100 mm (e.g. 

Moenjodaro and Nokkundi). Precipitation is erratic, sometimes several years receiving no 

precipitation. 

 

Arid zones are characterized by pastoralism. Farming in these zones are not practiced 

except with irrigation. The natural vegetation is sparse, composed of annual and perennial 

grasses, herbaceous vegetation, shrubs and small trees. Precipitation variability in these 

areas is high; annual amounts ranging between 100 and 300 mm (i.e. maximum stations 

in Pakistan). 

 

Semi-arid zones are somewhat capable of supporting rain-fed agriculture. Practice of 

sedentary livestock production is also possible with a variety of species, e.g. grass-like 

plants and grasses, forests and shrubs or half-shrubs, and trees form the natural 

vegetation. Annual, summer and winter precipitation ranges from 300 – 600 to 700 – 800 
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mm and 200 – 250 to 450 – 500 mm, respectively. There are many stations in Pakistan 

which show aridity and few stations which show semi aridity, some times during the 

course of the year (especially during the monsoon period). The term "arid zone" is used 

here to collectively represent the hyper-arid, arid, semi-arid and deserts having marine 

influence. 

 

Excessive heat, coupled with inadequate, variable precipitation characterize arid zones. 

Contrasts in climate may however, occur. These climatic contrasts result from differences 

in temperature, seasons in which rain falls, and the degree of aridity. In the description of 

arid zones three major types of climate are identified i.e. the Mediterranean, tropical and 

continental. 

 

Summer rainfall characterizes tropical climates. The duration of rainy season is 

proportionate to the distance from the equator and here the winters cannot be long and 

dry. Pakistan is a typical example of the sub-tropical climate type. Here the wet season 

extends from mid June till the end of September, followed by 8 months of literally dry 

season as shown in Figs.6.1.1 to 6.1.5. 

 

Irrigation is the backbone of Pakistan’s economy (except the barani belt which has <10% 

of total irrigated area). According to World Bank’s Balochistan Community Irrigation 

and Agriculture Project (BCIAP) Report (2002), approximately 90 % of the agricultural 

output of the province is totally dependent on irrigation. In spite of this, the drainage and 

irrigation system of Pakistan is in a sorry state, suffering not only from water-logging and 

salinity, but over exploitation of fresh ground water, coupled with inefficient delivery and 

use, alongwith inequitable distribution. 

 

Agriculture being the backbone of Pakistan’s economy, its economic development is 

directly linked to the up-gradation of this sector. Punjab contributes about 52%, Sindh 

more than 32%, KPK/FATA about 12% and Balochistan about 04%, to the Gross 

Domestic Product (GDP) of the country (Bengali, 2000). The volume of irrigation water 

from the Indus and its tributaries is of overriding significance in the agricultural progress 
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of Punjab, Sindh, KPK/FATA. Mild drought in Punjab and severe drought in Sindh and 

Balochistan have persisted for the years 2002-2004, due to below normal rainfall which 

has had an adverse effect on the surface irrigation in the catchment of the Indus River. 

Beside this, drought like situation almost persists (in Balochistan) since the last few 

decades, leading to declining cropped area. Saline underground water was also being 

used for irrigation in order to solve the problem of water scarcity. 

 

In 1991 out of the total estimated water withdrawal of 156 km³, 96.8% was for 

agricultural purposes (1.6% each is withdrawn for domestic use and industrial use). The 

extraction of groundwater for agricultural purposes has been roughly estimated at 55 km³/ 

year. Incidentally, the volume of groundwater renewable resources is also the same. In 

some areas, however development seems to have reached a point where groundwater 

mining has become essential. Groundwater is the main source of urban and rural water. 

Installation of hand pumps by private housholds accont for more than 50% of the water 

supply of villages. The chief source of domestic water in areas of saline groundwater is 

through irrigation canals (FAO, 2004).  

 

6.7.1 Soil 

 

The most predominent climatic factor, which affects the soils in Pakistan, is aridity, 

which prevails over greater part of the country. Aridity which has limited the soil 

moisture has also led to sparse vegetation cover. Pakistan soils are poor in nitrogenous 

matter but rich in basic constituents (UNEP, 1998). Soil type determines its water 

withholding capacity. The flood plain of the Indus is composed of alluvial soil. Close to 

the river, permeable sand and silt loam predominate, while clay fractions dominate 

further away. Soil type determines its water withholding capacity. Usually, soil becomes 

dry on land having low precipitation and/or high temperature, which creates large cracks 

on the earth’s crust, making it unable to hold plant roots. Evapotranspiration on such land 

is usually high. The main climatic factor which affects the soil of Pakistan is aridity 

which prevails over greater part of the country. Aridity is the main causative agent not 

only of soil moisture deficiency but also scant vegetation.  
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     Two parent material types are responsible for the soils of Pakistan. 
 
1. Those of mixed mineralogy are alluvial, loessic and wind processed sands, and  

2. Those produced by weathering of underlying rocks, mostly calcareous, are the residual 

soils. However, in some areas non-calcareous soils of granitic origin have also formed. 

The quantity of salts released from the rocks are negligible, therefore soils are non-saline. 

 

Parent material and mode of formation are responsible for the distinct features of 

Pakistan’s soils. Alluvial soils have been formed from sediments laid down by the rivers. 

Table 6.1 shows legend details for Fig.6.2. Distinct soils have formed from the sands of 

the deserts, while Residual Soils have been produced in the hills, mountains and plateaus 

alongwith alluvial, loessic and patches of other soils. Fig.6.2 shows the generalized soil 

nomenclature of Pakistan. Thus, the soils of Pakistan can be classified into the following 

six types:  

Flood Plains, Alluvial Soils  

Bar Uplands, Alluvial Soils  

Piedmont Plains Soils 

Soils of Deserts 

Pothwar Plateau Soils 

Western Hills Soils  

 

About 55% of the total cropped area is devoted to food crops e.g. rice, wheat, sorghum, 

maize, barley, etc.) and 16% under cash crops (cotton, sugarcane, etc) (NARC, 2004). 

 

               Fig.6.2 Generalized Soil Map – Pakistan  
    Source: Soil Survey of Pakistan (7th Draft, June 1993) 
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Table 6.1 
Soil of Pakistan (7th Draft, June 1993) 

 

 
Source: Geological Survey of Pakistan (1993) 

Note: Table 6.1 provides the legend details for Fig.6.2 
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Pakistan is predominently characterised by arid climate, with monsoon rains occuring in 

a rotation of 4-5 years, as a result of which agriculture is highly dependent on canal 

irrigation. The hottest months are May, June and July, when temperatures above 40oC are 

recorded, while winters occasionally witness frost. Arid environment are characterized by 

extreme diversity of landform, soil, flora, fauna, water balance and hence human 

activities. As a result of this diversity, no widely acceptable definition of arid 

environments has been formulated. However, aridity is the keynote of arid regions, and it 

is a function of temperature coupled with rainfall. 

Fig.6.3.1       GB/AJK Plains – Potential Evapotranspiration 

Fig.6.3.2       Balochistan Plains – Potential Evapotranspiration 

Fig.6.3.3       KPK/FATA Plains – Potential Evapotranspiration 

Fig.6.3.4       Punjab Plains – Potential Evapotranspiration 

Fig.6.3.5       Sindh Plains – Potential Evapotranspiration 

 

6.8 WATER-HOLDING CAPACITY 

 

To enable calculation of soil water budget, estimation of soil water storage capability is 

essential. Soil scientists have used several terms to define water storage capacity of soils 

under different conditions. The drained upper limit or field capacity is the soil’s water 

content that has attained equilibrium with reference to aridity, subsequent to several days 

of drainage. Field capacity is a function of organic content and soil texture. The water 

content at which plants can no longer take out from the soil, a life sustaining quantity of 

water and hence begin to wilt is referred to as the lower limit of available water or 

permanent wilting point. Typical suction values associated with the wilting point are        

-1500 kPa (-15 bars) and field capacity -10 kPa (-0.1 bars). Permanent Wilting Point and 

Field Capacity are defined on the basis of volume of water per unit volume of soil, as in 

the case of Water Content (FAO, 1995). Given these two definitions, the substraction of 

Permanent Wilting Point from Field Capacity gives the available Water-Holding 

Capacity, (or the water available for evapotranspiration after drainage). Table 6.2 gives 

some typical values for available Wilting Capacity, Infiltration and Water-Holding 

Capacity. 
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Table 6.2 

Typical values of Water-Holding Capacity of Soils  
 

S.No International 
Texture Class 

Field Capacity 
(Gravimetric) 
% 

Wilting 
Capacity 
(Gravimetric) 
% 

Available 
mm 
water/m 
soil 

 
Infiltration 

1 Coarse Sand 08 4 80 Very rapid 
2 Sand 14 4 150 Rapid  
3 Loamy Sand 18 7 160 Moderate rapid 
4 Sandy Loam 26 9 180 Rapid 
5 Loam 30 13 180 Moderate rapid 

(Adapted from Salter and Williams, 1967) 
 

6.9 METHODOLOGY 

 

For evaluating Actual Evapotranspiration (EA) of a catchment area, firstly, the Potential 

Evapotranspiration (EO) must be calculated, with the assumption that there is unrestricted 

water availability; subsequently the answer must be modified by justification of the actual 

content of soil moisture. Based on empirical or theoretical models there are a number of 

formulae for calculation of Potential Evaporation. 

 

Some most common theoretical / empirical formulae are as under: 

 

i. The China Institute of Geography Formula (1990) 

ii. FAO Penman-Monteith (1998) 

iii. Thornthwaite’s Formula (1948; Wilm et al., 1944) 

iv. Hamon’s Formula (1961) 

v. Hargreaves’ Formula (Hargreaves, et al., 1985) 

vi. Blaney-Criddle’s Formula (1950; Allen, et al., 1986) 

Some empirical formulae have been used in this research study to estimate Potential 

Evaporation in Pakistan due to their relative convenience of application. In order to study 

distribution of potential evaporation at micro and meso scales, observed data of large 

number of meteorological stations can be used with the help of these formulae. This 

analysis is based on climatological data (viz. precipitation, temperatures (maximum, 
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minimum, mean), wind speed, etc.) of well-spaced stations in Pakistan for the period 

1961-2010 in order to give a better spatial representation of drought conditions.  

 

6.10 FINDINGS 

 

6.10.1 Potential Evapotranspiration 

 

Using empirical formulae, Potential Evaportranspiration for 51 stations in Pakistan has 

been calculated on seasonal and monthly basis from 1961 to 2010, in order to give a good 

spatial and temporal insight. Methods of Thornthwaite, Hamoon, Blaney-Criddle, and 

China Institute of Geography have been studied. Subsequent to review of these formulae, 

the Blaney-Criddle Formula (Allen, et al., 1986) has been selected for the present 

research work due to its relative convenience. With the help of this formula, data 

recorded for a large number of meteorological stations can be used for an analysis of 

Potential Evapotranspiration at both micro and meso scales. Analysis has been carried out 

on an individual station basis, province wise. Results have been gathered and depicted on 

provincial basis.  

 

The overall total annual long-term minima and maxima value is about 1286 mm (Astore) 

to 1840 mm (Kotli) for GB/AJK, 1469 mm (Kalat) to 2099 mm (Sibi) for Balochistan, 

1514 mm (Parachinar) to1951 mm (D.I.Khan) for KPK/FATA, 1417 mm (Murree) to 

2015 mm (Bahawalpur) for Punjab with exceptionally surplus -360 mm (Murree) and 

2033 mm (Karachi) to 2097 mm (Hyderabad) for Sindh. The Potential Evapotranspiration 

is shown in Figs.6.3.1 to 6.3.5. 

 

The provincial long-term values respectively, for annual, kharif and rabi are 1599.4 mm, 

891.8 mm and 707.6 mm for GB, respectively; 1868.1 mm, 989.8 mm and 878.3 mm for 

Balochistan, respectively; 1673.9 mm, 915.8 mm and 758.1 mm for KPK/FATA, 

respectively; while it is 1897.8 mm, 1008.2 mm and 889.6 mm; and 2059.5 mm, 1058.1 

mm and 1001.4 mm for Punjab and Sindh, respectively. 
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(1)  Distinctive geographical patterns have emerged owing to minor differences in the 

underlying surface water heat conditions, solar radiation intensity and value of radiation 

balance, which are actually influenced by the mountains surrounding the area, in addition 

to the Arabian Sea in the coastal areas, as well as by lake and river breezes, Indus and its 

tributaries and extensive irrigation networks in the plains. 

 

(2)  Commencing from late autumn till early spring Potential Evapotranspiration, 

seasonally, is low and stable. With escalating temperatures, scanty precipitation, 

desiccating air and strong winds, which are typical of Sindh and Balochistan, evaporation 

intensifies notably after spring. Potential Evapotranspiration during summer season 

(kharif) displays peak values in June or July, in almost all the provinces. It remains nearly 

same during the subsequent summer rainy seasons.  

 

(3)  There is great variation among stations with reference to differences of Potential 

Evapotranspiration between months, which record the lowest and highest values. Year-to-

year variation is also pronounced.  

 

6.10.2 Moisture Deficit / Surplus Estimation 

 

Moisture surplus/deficit (IM) is expressed as the difference between Potential 

Evapotranspiration and Precipitation, without considering Runoff Loss.  

 

Moisture Deficit occurs when E0 > P. Somewhat reverse is the case for Moisture Surplus 

i.e. E0 < P. In order to observe the moisture conditions in irrigated farms and the growing 

periods of either winter (kharif) or summer (rabi) seasons, it may accurately be reflected 

by comparative analysis of estimated Moisture Deficit and Surplus amounts. The 

proportion of Moisture Deficit or Surplus in the region is reflected by the precipitation 

and water consumption irrigated field and may be of immense help as a reference base in 

the designing of schemes related to water transfer. 
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The spatial variation of differences between field water consumption and precipitation 

has been analyzed. Field water deficit was identified throughout the plains over the 

course of the year. In the south there is less moisture deficit than in the north. In various 

plain areas of the provinces, seasonal field water deficit (i.e. kharif and rabi) have been 

calculated. The results of these calculations are annual averages over a long-term, which 

do not take into consideration the seasonal variations of precipitation or run-off losses. 

The total of soil evaporation and transpiration gives the field water consumption and is 

therefore, also called Field Evapotranspiration. Since, the threefold influence of weather, 

soil and biology are included in its purview, Field Evapotranspiration is one of the most 

difficult water balance elements. There are a number of methods for determining it, 

which fall in the following categories: vorticity correlation, aerodynamic (gradient), heat 

balance and water balance methods as well as measurement with the help of 

evaporimeters, in addition to use of empirical coefficients. Insipte of the method of 

energy balance having a good theoretical base in the energy conservation concept, 

collection of accurate observations is difficult when the sky is cloudy or overcast or there 

is a temperature inversion. The installation of automatic equipments for measuring and 

recording and the application of computer techniques have considerably enhanced the 

accuracy of observation in the developed world. Currenty, the most widely used method 

is the Water Balance method. 

 

Two categories into which Field Evapotranspiration can be divided are irrigated and 

unirrigated fields. Irrigated Field Evaporation (Ei) is the type of evaporation in which soil 

moisture is sufficient for crop growth. Due to considerable variations of soil moisture, 

weather conditions and crop varieties, determining of water consumption in irrigated 

fields is more complicated. Inspite of the current dearth, the field water consumption of 

winter /summer crops for unirrigated fields can be achieved with the help of empirical 

formula of data pertaining to unirrigated Field Evapotranspiration (EU), as it has its 

practical significance. For the determination of summer/winter crops water consumption, 

following are the assumptions on which these estimates are based – adequate soil 

moisture, medium or high grade soil fertility and 2.25 t/ha crop yeilds.  
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The following results have been achieved by adopting these different methods for 

calculation of moisture supply conditions, pertaining to the crop growing periods of the 

summer/winter seasons. Firstly, (E0 - P) i.e., the difference between the potential 

evaporation and precipitation (col.8); secondly, (Ei - P) i.e., the difference between 

(winter and summer) water consumption pertaining to irrigated conditions and 

precipitation (col.6), and thirdly, (Ei - EU) i.e. difference of water consumed under both 

irrigated as well as unirrigated condition pertaining to winter/summer (col.9). These have 

been depicted in Tables 6.3 to 6.12, which show the surplus/deficit moisture in the 

provinces. The precipitation data, which have been used here, pertain to the periods from 

May to September for summer (kharif) and October to April for winter (rabi). 

 

Tables 6.3 to 6.12 represent data for 51 stations spread over Pakistan. The seasonal water 

deficit ranges vary among provinces and stations. The water deficit varies from 824.1 

(Badin) to 1012.7 mm (Jacobabad) in summer. It varies from 938.5 (Moenjodaro) to 

1017.7 mm (Hyderabad) in winter by the first method; from 745.0 (Badin) to 928.6 mm 

(Jacobabad) in summer. The variation ranges from 864.3 (Moenjodaro) to 937.4 mm 

(Hyderabad) in winter by the second method; and from 495.4 (Padidan) to 556.1 mm 

(Jacobabad) in summer and from 500.4 (Moenjodaro) to 542.4 mm (Hyderabad) in 

winter, by the third method, in Sindh. 

 

Similarly, the water deficit ranges from 684.6 (Barkhan) to 1071.7 mm (Nokkundi) in 

summer and from 473.2 (Quetta) to 980.6 mm (Lasbela) in winter by the first method. It 

varies from 609.2 (Barkhan) to 989.0 mm (Nokkundi) in summer and from 419.9 

(Quetta) to 902.0 mm (Lasbela) in winter by the second method. The variation ranges 

from 426.4 (Kalat) to 565.6 mm (Sibi) in summer and from 326.9 (Kalat) to 529.1 mm 

(Lasbela) in winter, by the third method, in Balochistan.  

 

Water deficit in Punjab during summer from 159.5 (Islamabad) to 980.6 mm (Khanpur) 

by the first method, 84.3 (Islamabad) to 899.1 mm (Khanpur) by the second method and 

257.5 (Murree) to 539.3 mm (Khanpur) by the third method while in winter from 665.6 

(Jhelum) to 912.4 mm (Khanpur) by the first, from 421.5 (Islamabad) to 839.9 mm 
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(Khanpur) by the second and from 279.8 (Murree) to 490.2 mm (Bahawalpur) by the 

third method.  

 

Deficit of water in KPK by first method is from 13.1 (Balakot) to 850.1 mm (D.I.Khan) 

during summer and from 88.4 (Balakot) to 808.1 mm (D.I.Khan) during winter, by 

second method from 33.1 (Kakul) to 770.1 mm (D.I.Khan) during summer, from 28.7 

(Balakot) to 738.0 mm (D.I.Khan) during winter and by third method from 326.6 

(Balakot) to 508.4 mm (D.I.Khan) during summer, from 282.0 (Dir) to 463.6 mm 

(D.I.Khan) during winter.  

 

During summer in GB, from 89.0 (Muzaffarabad) to 926.3 mm (Chilas), 15.4 (Astore) to 

849.3 mm (Chilas) and 346.4 (Garhi Dupatta) to 509.7 mm (Chilas) by first, second and 

third methods, respectively and during winter from 42.1 (Garhi Dupatta) to 660.6 mm 

(Bunji), 103.7 (Muzaffarabad) to 604.6 (Bunji), 258.5 (Astore) to 401.3 mm (Kotli) by 

first, second and third methods, respectively. 

 

It has been found that the former two calculations produce results, which are highly 

magnified. The first method employs Potential Evaporation, which is greater than field 

water consumption by 10%, which actually conceals the winter/summer crops actual 

consumption of water. The second method does not take into consideration the ground 

water recharge into the soil nor the moisture which is stored in the soil, while the third 

method is a reflection of the difference between water consumption by winter/summer 

crops under natural conditions of water and consumption of water under adequate soil 

moisture conditions. Since, the third method takes into consideration the conditions of 

soil moisture supply, therefore its results depicted very closely the conditions of actual 

deficit of water.   



204 
 

 

Table 6.3 
 

Moisture Surplus/Deficit in GB/AJK (Summer (kharif) Period) 
 

Meteorological 
Stations  (1) 

Ei Eu Eo P Ei-P Eu-P Eo-P Ei-Eu Eu/Ei 
(2) (3) (4) (5) (6) (7) (8) (9) (10) 

Astore 689.7 319.9 747.2 160.5 529.2 159.4 586.7 369.8 0.5 
Bunji 848.9 382.3 919.6 86.7 762.2 295.6 832.9 466.6 0.5 
Chilas 922.5 412.8 999.5 73.2 849.3 339.6 926.3 509.7 0.4 
Garhi Dupatta 854.9 508.5 926.2 812.5 42.4 -304.0 113.7 346.4 0.6 
Gilgit 808.8 362.2 876.2 74.3 734.5 287.9 801.9 446.6 0.4 
Gupis 758.9 343.3 822.2 97.3 661.6 246.0 724.9 415.6 0.5 
Kotli 897.7 526.1 972.6 777.8 119.9 -251.7 194.8 371.6 0.6 
Muzaffarabad 881.3 533.5 954.9 865.9 15.4 -332.4 89.0 347.8 0.6 
Skardu 745.8 332.9 808.0 67.9 677.9 265.0 740.1 412.9 0.4 
                    
Gilgit Baltistan 823.2 413.5 891.8 335.1 488.0 78.4 556.7 409.7 0.5 

 
 

Table 6.4 
 

Moisture Surplus/Deficit in GB/AJK (Winter (rabi) Period) 
 

Meteorological 
Stations  (1) 

Ei Eu Eo P Ei-P Eu-P Eo-P Ei-Eu Eu/Ei 
(2) (3) (4) (5) (6) (7) (8) (9) (10) 

Astore 497.4 238.9 538.7 321.8 175.6 -82.9 216.9 258.5 0.5 
Bunji 671.9 298.1 727.9 67.3 604.6 230.8 660.6 373.8 0.4 
Chilas 715.4 322.3 775.0 114.5 600.9 207.8 660.5 393.1 0.5 
Garhi Dupatta 723.3 388.0 783.5 741.4 -18.1 -353.4 42.1 335.3 0.5 
Gilgit 632.3 280.3 685.2 61.6 570.7 218.7 623.6 352.0 0.4 
Gupis 550.5 246.8 596.4 91.4 459.1 155.4 505.0 303.7 0.4 
Kotli 800.4 399.1 867.3 470.5 329.9 -71.4 396.8 401.3 0.5 
Muzaffarabad 759.7 398.3 823.1 656.0 103.7 -257.7 167.1 361.4 0.5 
Skardu 527.8 240.1 571.7 154.4 373.4 85.7 417.3 287.7 0.5 
                    
Gilgit  Baltistan 653.2 312.4 707.6 297.7 355.5 14.8 410.0 340.8 0.5 
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Table 6.5 

Moisture Surplus/Deficit in Balochistan (Summer (kharif) Period) 

Meteorological 
Stations  (1) 

Ei Eu Eo P Ei-P Eu-P Eo-P Ei-Eu Eu/Ei 
(2) (3) (4) (5) (6) (7) (8) (9) (10) 

Barkhan 901.8 442.8 977.2 292.6 609.2 150.2 684.6 459.0 0.5 
Dalbandin 955.2 415.9 1034.9 9.9 945.3 406.0 1025.0 539.3 0.4 
Jiwani 908.6 396.8 984.3 15.8 892.8 381.0 968.5 511.8 0.4 
Kalat 762.0 335.6 825.5 34.5 727.5 301.1 791.0 426.4 0.4 
Khuzdar 909.5 419.1 985.5 137.0 772.5 282.1 848.5 490.4 0.5 
Lasbela 972.9 441.8 1054.3 104.0 868.9 337.8 950.3 531.1 0.5 
Nokkundi 992.8 431.0 1075.5 3.8 989.0 427.2 1071.7 561.8 0.4 
Ormara 887.0 391.8 961.0 41.6 845.4 350.2 919.4 495.2 0.4 
Pasni 917.5 401.7 994.0 22.3 895.2 379.4 971.7 515.8 0.4 
Panjgur 928.2 408.9 1005.6 35.3 892.9 373.6 970.3 519.3 0.4 
Quetta 825.5 363.2 894.5 32.5 793.0 330.7 862.0 462.3 0.4 
Sibi 1033.0 467.4 1119.3 96.5 936.5 370.9 1022.8 565.6 0.5 
Zhob 882.0 408.9 955.6 150.1 731.9 258.8 805.5 473.1 0.5 
                    
Balochistan 913.5 409.6 989.8 75.1 838.5 334.5 914.7 503.9 0.4 

 
 

Table 6.6 
Moisture Surplus/Deficit in Balochistan (Winter (rabi) Period) 

Meteorological 
Stations  (1) 

Ei Eu Eo P Ei-P Eu-P Eo-P Ei-Eu Eu/Ei 
(2) (3) (4) (5) (6) (7) (8) (9) (10) 

Barkhan 785.5 353.7 851.0 115.2 670.3 238.5 735.8 431.8 0.5 
Dalbandin 784.3 347.6 850.0 73.4 710.9 274.2 776.6 436.7 0.4 
Jiwani 932.5 415.1 1010.2 91.6 840.9 323.5 918.6 517.4 0.4 
Kalat 594.0 267.1 643.7 129.8 464.2 137.3 513.9 326.9 0.4 
Khuzdar 783.3 351.2 848.7 113.2 670.1 238.0 735.5 432.1 0.4 
Lasbela 943.3 414.2 1021.9 41.3 902.0 372.9 980.6 529.1 0.4 
Nokkundi 833.7 364.8 903.3 32.9 800.8 331.9 870.4 468.9 0.4 
Ormara 909.8 402.4 985.6 67.0 842.8 335.4 918.6 507.4 0.4 
Pasni 930.1 412.9 1007.6 82.9 847.2 330.0 924.7 517.2 0.4 
Panjgur 795.7 351.8 862.0 66.8 728.9 285.0 795.2 443.9 0.4 
Quetta 636.6 293.8 689.9 216.7 419.9 77.1 473.2 342.8 0.5 
Sibi 903.8 400.2 979.3 66.1 837.7 334.1 913.2 503.6 0.4 
Zhob 706.4 320.3 765.2 138.4 568.0 181.9 626.8 386.1 0.5 
                    
Balochistan 810.7 361.2 878.3 95.0 715.7 266.1 783.3 449.5 0.4 
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Table 6.7 

 
Moisture Surplus/Deficit in KPK/FATA (Summer (kharif) Period) 

 

Meteorological 
Stations  (1) 

Ei Eu Eo P Ei-P Eu-P Eo-P Ei-Eu Eu/Ei 
(2) (3) (4) (5) (6) (7) (8) (9) (10) 

Balakot 840.2 513.6 910.3 897.2 -57.0 -383.6 13.1 326.6 0.6 
Cherat 809.4 394.9 876.9 278.7 530.7 116.2 598.2 414.5 0.5 
Chitral 818.3 366.6 886.6 78.7 739.6 287.9 807.9 451.7 0.4 
D.I.Khan 960.8 452.4 1040.8 190.7 770.1 261.7 850.1 508.4 0.5 
Dir 788.2 422.6 853.9 520.2 268.0 -97.6 333.7 365.6 0.5 
Drosh 865.1 399.6 937.2 150.2 714.9 249.4 787.0 465.5 0.5 
Kakul 799.5 467.6 866.2 766.4 33.1 -298.8 99.8 331.9 0.6 
Parachinar 775.0 397.4 839.7 403.6 371.4 -6.2 436.1 377.6 0.5 
Peshawar 938.3 441.2 1016.5 187.9 750.4 253.3 828.6 497.1 0.5 
Saidu Sharif 858.1 451.5 929.7 467.9 390.2 -16.4 461.8 406.6 0.5 
                    
KPK and FATA 845.3 430.7 915.8 394.2 451.1 36.6 521.6 414.6 0.5 

 
 

Table 6.8 
 

Moisture Surplus and Deficit in KPK/FATA (Winter (rabi) Period) 
 

Meteorological 
Stations  (1) 

Ei Eu Eo P Ei-P Eu-P Eo-P Ei-Eu Eu/Ei 
(2) (3) (4) (5) (6) (7) (8) (9) (10) 

Balakot 715.8 378.7 775.5 687.1 28.7 -308.4 88.4 337.1 0.5 
Cherat 685.7 329.8 742.7 341.5 344.2 -11.7 401.2 355.9 0.5 
Chitral 630.2 308.9 682.8 395.0 235.2 -86.1 287.8 321.3 0.5 
D.I.Khan 840.1 376.5 910.2 102.1 738.0 274.4 808.1 463.6 0.4 
Dir 636.3 354.3 689.3 878.5 -242.2 -524.2 -189.2 282.0 0.6 
Drosh 660.6 329.1 715.7 447.4 213.2 -118.3 268.3 331.5 0.5 
Kakul 687.0 352.8 744.3 566.7 120.3 -213.9 177.6 334.2 0.5 
Parachinar 622.4 310.4 674.1 461.1 161.3 -150.7 213.0 312.0 0.5 
Peshawar 800.5 378.1 867.1 272.7 527.8 105.4 594.4 422.4 0.5 
Saidu Sharif 719.0 372.9 779.0 600.1 118.9 -227.2 178.9 346.1 0.5 
                    
KPK and FATA 699.8 349.2 758.1 475.2 224.5 -126.1 282.9 350.6 0.5 
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Table 6.9 

 
Moisture Surplus/Deficit in Punjab (Summer (kharif) Period) 

 

Meteorological 
Stations  (1) 

Ei Eu Eo P Ei-P Eu-P Eo-P Ei-Eu Eu/Ei 
(2) (3) (4) (5) (6) (7) (8) (9) (10) 

Bahawalnagar 982.0 459.0 1063.9 170.7 811.3 288.3 893.2 523.0 0.5 
Bahawalpur 985.1 451.0 1067.4 124.0 861.1 327.0 943.4 534.1 0.5 
Faisalabad 955.3 467.1 1034.9 282.0 673.3 185.1 752.9 488.2 0.5 
Islamabad 903.0 536.7 978.2 818.7 84.3 -282.0 159.5 366.3 0.6 
Jhelum 937.4 521.9 1015.7 628.8 308.6 -106.9 386.9 415.5 0.6 
Khanpur 978.6 439.3 1060.1 79.5 899.1 359.8 980.6 539.3 0.4 
Lahore 951.9 504.1 1031.2 491.5 460.4 12.6 539.7 447.8 0.5 
Multan 986.2 454.0 1068.5 136.9 849.3 317.1 931.6 532.2 0.5 
Murree 703.3 445.8 762.0 1016.7 -313.4 -570.9 -254.7 257.5 0.6 
Sialkot 923.2 536.2 1000.2 754.2 169.0 -218.0 246.0 387.0 0.6 
                    
Punjab 930.6 481.5 1008.2 450.3 480.3 31.2 557.9 449.1 0.5 

 
 
 

Table 6.10 
 

Moisture Surplus/Deficit in Punjab (Winter (rabi) Period) 
 

Meteorological 
Stations  (1) 

Ei Eu Eo P Ei-P Eu-P Eo-P Ei-Eu Eu/Ei 
(2) (3) (4) (5) (6) (7) (8) (9) (10) 

Bahawalnagar 874.0 385.9 946.8 58.1 815.9 327.8 888.7 488.1 0.4 
Bahawalpur 874.8 384.6 947.8 45.8 829.0 338.8 902.0 490.2 0.4 
Faisalabad 834.0 371.8 903.7 87.6 746.4 284.2 816.1 462.2 0.4 
Islamabad 781.7 377.9 847.0 360.2 421.5 17.7 486.8 403.8 0.5 
Jhelum 834.7 389.4 904.4 238.8 595.9 150.6 665.6 445.3 0.5 
Khanpur 867.2 379.0 939.7 27.3 839.9 351.7 912.4 488.2 0.4 
Lahore 858.7 388.1 930.4 134.2 724.5 253.9 796.2 470.6 0.5 
Multan 861.6 381.5 933.4 65.4 796.2 316.1 868.0 480.1 0.4 
Murree 604.7 324.9 655.1 760.2 -155.5 -435.3 -105.1 279.8 0.5 
Sialkot 819.4 379.6 888.0 217.8 601.6 161.8 670.2 439.8 0.5 
                    
Punjab 821.1 376.3 889.6 199.5 621.5 176.7 690.1 444.8 0.5 
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Table 6.11 
 

Moisture Surplus/Deficit in Sindh (Summer (kharif) Period) 
 

Meteorological 
Stations  (1) 

Ei Eu Eo P Ei-P Eu-P Eo-P Ei-Eu Eu/Ei 
(2) (3) (4) (5) (6) (7) (8) (9) (10) 

Badin 946.7 447.1 1025.8 201.7 745.0 245.4 824.1 499.6 0.5 
Chhor 956.7 452.9 1036.5 207.6 749.1 245.3 828.9 503.8 0.5 
Hyderabad 972.3 449.5 1053.4 149.3 823.0 300.2 904.1 522.8 0.5 
Jacobabad 1009.5 453.4 1093.6 80.9 928.6 372.5 1012.7 556.1 0.4 
Karachi 927.6 432.2 1004.9 166.6 761.0 265.6 838.3 495.4 0.5 
Moenjodaro 995.2 446.7 1078.4 78.1 917.1 368.6 1000.3 548.5 0.4 
Nawabshah 992.0 453.9 1074.7 123.7 868.3 330.2 951.0 538.1 0.5 
Padidan 992.9 448.6 1075.8 94.1 898.8 354.5 981.7 544.3 0.5 
Rohri 996.7 445.9 1079.9 70.4 926.3 375.5 1009.5 550.8 0.4 
                    
Sindh 976.6 447.8 1058.1 130.3 846.4 317.5 927.8 528.8 0.5 

 
 

Table 6.12 
 

Moisture Surplus/Deficit in Sindh (Winter (rabi) Period) 
 

Meteorological 
Stations  (1) 

Ei Eu Eo P Ei-P Eu-P Eo-P Ei-Eu Eu/Ei 
(2) (3) (4) (5) (6) (7) (8) (9) (10) 

Badin 948.8 414.0 1028.2 20.2 928.6 393.8 1008.0 534.8 0.4 
Chhor 927.5 404.9 1004.9 21.0 906.5 383.9 983.9 522.6 0.4 
Hyderabad 963.7 421.3 1044.0 26.3 937.4 395.0 1017.7 542.4 0.4 
Jacobabad 914.6 400.5 990.8 33.0 881.6 367.5 957.8 514.1 0.4 
Karachi 948.8 415.9 1028.1 36.9 911.9 379.0 991.2 532.9 0.4 
Moenjodaro 888.1 387.7 962.3 23.8 864.3 363.9 938.5 500.4 0.4 
Nawabshah 911.9 397.5 988.0 18.6 893.3 378.9 969.4 514.4 0.4 
Padidan 899.7 392.6 974.9 22.5 877.2 370.1 952.4 507.1 0.4 
Rohri 915.3 400.1 991.6 27.6 887.7 372.5 964.0 515.2 0.4 
                    
Sindh 924.3 403.8 1001.4 25.5 898.7 378.3 975.9 520.4 0.4 

Key:  Ei : under irrigated conditions, water consumption 
Eu : under un-irrigated conditions, water consumption 
Eo  :  potential evaporation 
P :  during seasons, precipitation 
Ei – P :  under irrigated conditions, moisture surplus/deficit  
Eu – P :  under un-irrigated conditions, moisture surplus/deficit  
Ei – Eu : irrigated minus un-irrigated conditions  

 Eu / Ei : ratio of un- irrigated to irrigated 
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6.10.3 Precipitation 

 

The precipitation that falls is utilised by vegetation which may include trees, shrubs, 

creeping grass, etc. or it may flow away in the form of surface, subsurface flow or 

penetrate the ground and become part of the groundwater. No matter how rainfall occurs, 

it is ultimately returned to the atmsophere by the processes of evapotranspiration from 

vegetation or by evaporation from bodies of water where all the surface, subsurface and 

groundwater ultimately accumulate. There are a number of factors which determine the 

relative dynamics of the hydrologic cycle of areas e.g. temporal and spatial patterns of 

rainfall, humidity regimes of the temperature and atmosphere alongwith windspeed, soil 

conditions and topographic features as well as vegetation characteristics of the area.  

 

There is great variation in the distribution of rainfall in arid zones, between the summer 

and winter season. The whole of Sindh and southern Punjab, especially receive maximum 

rain during the warm summer period, while the cold winter months receive scanty rain. 

The contribution of precipitation through western disturbances in the other three 

provinces has been clearly depicted in graphs (Figs.6.1.1 to 6.1.5).  Winter rain percolates 

into the soil and is stored as underground water. Rains occurring especially in the form of 

light summer showers are rapidly evaporated when they fall on the parched soil surface. 

Rainfall is more effective for plants from July to September, when temperatures are lower 

than in May or June.  This reveals that more annual precipitation is required both during 

summer as well as winter in order that plants receive sufficient moisture. However, plants 

which experience dormancy, do not use up all moisture in that season.  

 

The spatio-temporal rainfall statistics of Pakistan reveal that there is variation of 

precipitation over the year, in the arid zones. There is considerable difference between 

the highest and the lowest rainfall recorded for different years, yet it ranges between ± 

252% of the country’s mean annual rainfall. The monthly variation of rainfall is greater 

both for Sindh and Balochistan.  
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There is very little chance of expecting the same amount of rainfall in any area as that of 

the mean annual rainfall which had been recorded in the previous years. Rainfall 

variation has a significant impact on forestry, as it has an adverse effect on new forest 

plantations. Therefore, for the success of afforestation, the planting season must coincide 

with the occurrence of rainfall. Intensity of rainfall is also important in this regards as 

heavy rainfall is not absorbed in the soil and is lost by evaporation, especially if the rain 

falls on a heated surface. The number of rainy days determines rainfall intensity.  

However, no measurement of per hour rainfall amount (i.e. intensity of precipitation) has 

been made by PMD. 

 

Rainfall intensity may also lead to erosion of soil. It is known that large size raindrops 

have sufficient energy to remove soil, especially, the topsoil.  Soil structure is destroyed 

by splash erosion, i.e. erosion which is caused by falling of rain drops (mg). The erosive 

power of the rain is highly magnified if the rainfall intensity approaches 35 mm per hour, 

this value being called "erosion threshold".  Soil erosion is one of the greatest causes of 

land degradation and an important factor in desertification (Numbem, et al, 1999). Areas 

which are affected by desertification often witness droughts (FAO, 1996). 

 

6.10.4 Temperature 

 

Zones of tropical and subtropical latitudes record a climatic pattern characterized by short 

cool dry season, followed by hot dry season and finally a rainy season with scanty 

rainfall. In addition, all these seasons record significant fluctuations of diurnal 

temperature. On an annual basis, these areas record peak daytime temperatures between 

41.5o and 48.4o C, which plunge to 0.7o to 9.2o C during the night, in the cool dry season, 

while during the hot, dry season, the daytime temperatures reached 48oC and dropped to 

below freezing point during the night, in winter. However, during the rainy season, 

temperatures ranged between 47.4oC during the daytime, while it dropped to 19.3oC, at 

night. Very often, such remarkable temperature fluctuations, on an annual basis, inhibit 

growth of a number of plant species.  
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Temperature plays a vital role in the calculation of Reference Evapotranspiration. The 

maximum and minimum temperature variation affects the vapor pressure of the 

atmosphere, which ultimately influences the Reference Evapotranspiration more than any 

other climatic parameter.  

 

Over 45oC temperature is recorded in May and June, which tends to be fairly moderate 

from early July to mid-September due to cloudiness and onset of monsoons. In fact, 

summers are extremely hot and dry to hot and humid, increasing from north to south 

(Khan, 1993) due to latitudinal extent and variation in western and northern mountain 

terrains, irrigation network in the Indus plain and ameliorating effects of sea in the 

coastal belt. Lowest temperature is recorded in December and January in winter and 

higher in summer especially in May and June, which leads to high water demand for 

crops. 

 

The mean maximum temperature gradually increases from January to June. Due to the 

onset of monsoons there is sharp decrease in temperatures in July and remain nearly 

constant during August to October.  It once again decreases during November and 

December. While the mean minimum temperature increases more sharply from January 

to June, subsequently decreasing from July to December.  

 

A certain range of minimum and maximum temperatures is essential for plant growth. 

Extremes of temperature can damage plants as can be seen from the weather calendar 

(Figs.6.5.1 to 6.5.3). Plants can survive high temperatures, provided they are capable of 

making compensations for high temperature conditions by means of transpiration; 

nevertheless, it will result in decreased production. Soil moisture is very rapidly depleted, 

through evaporation and transpiration, due to the high temperature of the soil surface 

layer. Low temperatures, though relatively uncommon in arid zones, its prolongation 

results in restriction of plant growth; and below 0o C plants are prone to die. On many 

occasions the mercury dropped below the freezing point at most stations.  Harvest and 

crop calendars for major food and cash crops, fruits and vegetables have been collected 
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from National Drought Monitoring Centre, PMD and a general crop calendar of 39 crops 

has been obtained from FAO and depicted as Figs.6.4.1, 6.4.2 and 6.4.3, respectively.  

 
Fig.6.4.1     Major Food and Cash Crops of Pakistan (Source:http://pmd.gov.pk) 

 
Fig.6.4.2 Harvest Calendar of Major Fruit and Vegetable Crops of Pakistan                                   
(Source:http://pmd.gov.pk)            

 
Fig.6.4.3 Cereal, Fodder, Oil seed, Grains, Legumes, Industrial and Vegetable 

Crops Calendar of Pakistan (FAO, 2010) 
 

6.10.5 Atmospheric humidity 

 

Aridity is based on two important primary factors i.e. rainfall and temperature; other 

factors also have significant impact. In the case of soil (water balance), atmospheric 

moisture has a predominant role. It is quite likely that when soil moisture content is 

comparatively higher than that of air, evaporation of water will occur. However, in the 

case of a reverse condition, the surface of plants i.e. leaves will be exposed by the water. 

In arid areas humidity generally, is low.  

 

Relative humidity expresses air water content. PMD observes meteorological parameters 

at each synoptic hour (viz. 0000, 0300, 0600, 0900, 1200, 1500, 1800, and 2100 UTC) 

for weather forecasting and preserved 0000, 0300 and 1200 (i.e. 0500, 0800 and 1700 

PST respectively) data for climatic records.  The maximum relative humidity occurs in 

the morning (at the time of minimum temperature of the day) and minimum occurs in the 

evening (at the time of maximum temperature). The 0000 and 1200 UTC relative 

humidity data may be taken as maximum and minimum values. The mean of both may be 

represented as mean daily relative humidity.  

 

Humidity and temperature are inversely proportional to each other. It is lowest during 

summer in May and June and significantly increases during summer monsoon cloudy 

season from early July to around mid-September. Humidity is low in October and 

November due to lesser clouds and enhanced temperature, henceforth being moderate in 

winter. It remains higher in the coastal belt. In the north Punjab and northern areas, it is 
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low during kharif and higher during rabi and vice versa in Sindh, from Karachi up to 

Sukkur. 

 

For the survival of plants, occurrence of mist and dew is essential, in many areas. Water 

vapour condensation from the air over surfaces during the night time, leads to the 

formation of dew, while the suspension of microscopic water droplets leads to the 

formation of mist/ fog. This dew/mist which collects on the surface of leaves may be 

observed on the open stomata, or if they fall to the ground they add to the soil moisture. 

Higher atmospheric humidity results due to the presence of fog, mist and dew, which 

results in reduction of evapotranspiration and conservation of soil moisture. In Pakistan, 

the mean monthly humidity ranges between 4% and 90%. Distribution of atmospheric 

relative humidity (%) has been shown in Figs.6.5.1 to 6.5.5.; separate graphs representing 

each province. 

Fig.6.5.1       GB and AJK Plains - Humidity 

Fig.6.5.2       Balochistan Plains – Humidity 

Fig.6.5.3       KPK/FATA Plains – Humidity 

Fig.6.5.4       Punjab Plains – Humidity 

Fig.6.5.5       Sindh Plains - Humidity 

 

6.10.6 Wind 

 

Vegetation acts as a wind-break, therefore, its scarcity in arid regions causes them to 

become typically windy. Also, wind in arid regions is generally dry. Winds remove moist 

air surrounding plants and from the soil; thus, leading to escalation of evapotranspiration. 

Strong winds are a potent cause of soil erosion, especially where the soil, vegetation and 

climatic conditions favour it. These conditions, which are common in arid zones are 

smooth ground surface, fine, loose, dry soils, fields which have been ploughed, sparse 

vegetal cover along with strong winds capable of initiating movement of soil. The basic 

cause of soil erosion by wind is sparse vegetation cover. Sorting of soil material is the 

most critical cause of damages through soil particles which are wind blown. Silt and clay 

along with organic matter are removed from the soil surface through wind erosion; what 
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remains is sandy, infertile material. Piling sand into dunes poses a serious threat for the 

adjoining areas.  

Wind also plays an important role in the transportation and removal of vapour from the 

exposed surface. For meteorological purpose, wind has been measured at non-obstacle 

frictionless height for true measurement of wind speed and direction. For estimation of 

Eo in agrometeorology FAO has recommended wind speed at 2-m height above ground 

surface. Wind at 02m height has been computed by the formula mentioned in FAO 

Irrigation and Drainage Paper 56. Land heated in summer causes development of low-

pressure areas which cause maximum wind speed in the month of June. 

Fig.6.6.1       GB/AJK Plains Wind-speed 

Fig.6.6.2       Balochistan Plains Wind-speed 

 

The bulk of transfer of water vapour from the air to the ground is through condensation 

that leads to precipitation and hydrological cycle is completed by the process of 

evaporation. In the consideration of “effective” rainfall, water loss from soil, through 

evapotranspiration is important. High temperatures, low humidity and strong winds lead 

to escalation of evaporation. Large amount of moisture is lost from the soil through 

transpiration. Survival of plants, in deserts is highly correlated with adaptation to 

manifestations of dry conditions. Rate of transpiration is highly dependent on vegetation 

composition. In order to increase water yield, evapotranspiration is the major component, 

which can be manipulated by practices of land management.   Mean monthly wind speed 

(m s-2) at two metre height above ground for 51 climatic stations have been calculated 

and depicted in Figs.6.6.1 to 6.6.5. 

Fig.6.6.3       KPK/FATA Plains Wind-speed 

Fig.6.6.4       Punjab Plains Wind-speed 

Fig.6.6.5       Sindh Plains Wind-speed 

 

6.10.7 Sunshine Hours 

 

Solar radiation is able to change large quantities of liquid water into water vapor. Mean 

monthly daily sunshine hours have been used to estimate net radiation. The minimum 
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daylight hours are observed in December-January and maximum in May for northern 

areas. For southern areas of the country minimum is observed in July-August. 

 

 

6.11 CONCLUSION 

 

Field water consumption and potential evapotranspiration estimates reveal that under the 

present agricultural technology conditions, insufficient precipitation in the past few years, 

diminishing supply of water from the Indus and its tributaries to plains and conditions of 

natural moisture will prove insufficient for agricultural needs. Moisture deficits of 452.6 

mm (i.e. 452.6 m3/hectare) and 189.3 mm (i.e. 1893 m3/hectare) respectively; during the 

kharif and rabi seasons are recorded throughout Sindh.  

 

Moisture deficit of 341.6 mm (i.e. 3416 m3/hectare) and 98.1 mm (i.e. 98.1 m3/hectare) 

during kharif and rabi respectively, are recorded throughout the areas of Punjab. 382.8 

mm (i.e. 3828 m3/hectare) and 103.8 mm (i.e. 1038 m3/hectare) moisture deficit are 

recorded during kharif and rabi, respectively in areas of Balochistan. During kharif 

season 249.0 mm (i.e. 2490 m3/hectare) moisture deficit is experienced over the area of 

the KPK/FATA and about 233.0 mm (i.e. 2330 m3/hectare) throughout GB/AJK, while 

water surplus has been identified in these two provinces in the rabi season. 

 

Seasonally, winter drought is the main threat. Shortage of water for irrigation has been 

felt to such an extent that it can be said that winter condition in the above mentioned 

three provinces tend to be drought. According to Meteorological Data Study (1961 to 

2010), maximum temperatures in summer are recorded in Punjab, a month later than 

Sindh. Similarly, a secondary maxima of October in lower Sindh, is equivalent to mild 

temperature in Punjab. This is a very fine point which can be utilized to regulate the flow 

of water in the irrigation networks between Sindh and Punjab, on an alternate, monthly 

basis, without disturbing the rhythm of agriculture there. Balochistan does not use much 

water of the Indus River. The two provinces which are located in the plains of southern 
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part of Pakistan influenced by their location are the downstream southern plain of Sindh 

and the elevated and plateau area of Balochistan. 

 

Knowledge of evaporation has become more and more pertinent during the last decades 

due to the enhancement of irrigation on farms. It is a relatively difficult task to estimate 

exact evapotranspiration values for any area, due to the insecure parameters, which have 

to be taken into account. Many models have been prepared; most of them being empirical 

are not very accurate. 

 

The need of the hour is to develop an extensive network of evapotranspiration 

observation for places for which long term data is available. Water table observation is 

also an emergent need. Standard Operating Procedure (SOP) for evaporation observation 

is available in WMO Observation Guide (WMO, 2008). A similar SOP for water table 

observation, bound to evaporation observation time scale must be designed in order to 

enable better prediction of droughts. 

 

Agricultural practices differ substantially in the Indus Basin due to climate, soils, 

cropping patterns and availability of water. During the last fifty years, potential water 

demand for irrigation has increased because of high delta crops and enhanced cultivation 

intensities. For the assessment of potential water demand in agriculture at the regional 

scale, grouping of canal commands based on potential crop water demand variables, i.e. 

reference evapotranspiration and crop coefficients is imperative. It adds to cropping 

patterns based agro-climatic division of Indus basin carried out in the seventies. 

 
• The estimation of Reference Evapotranspiration has a big impact on the 

assessment of crop water requirements. Computation and comparison with 
previous studies indicates that: 

 
1. the time scale of climate data collected for 17 stations in Indus Basin is 

adequate for the calculations of Reference Evapotranspiration. The ETo 
calculated by Penman method with thirteen years gap (1987 and 2000) shows a 
difference of 5% only, indicating consistency of data collection procedures. 
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2. a substantial difference in ETo is introduced by the method of calculation due 
to empirical coefficients. Various methods used in Indus Basin estimates give 
results in different ranges. Hargreaves and Delta estimates 10% higher while 
Priestley Taylor computes 20% less than the Penman Monteith.  

 
3. the variation of annual reference evapotranspiration from north to south of 

Pakistan ranges from 1286mm to 2099 mm using Balney-Creddal method . 
The energy balance gives a range for actual evapotranspiration demand 
between 400mm to 1400mm. 

 
• The average coefficients of crops grown in the basin have 15% variation over the 

season and 20% among the seasonal crops. The peak values of these coefficients 
are attenuated due to a scatter in growing periods, which dilates the coefficient 
curves. A two to four weeks shift in crop seasons and peak demand in different 
regions is an important flexibility for water regulation during high stress periods. 

 
• The spatial variation of potential water requirement among canal command areas 

is more than two folds for existing cropping patterns and same cropping 
intensities. Seasonal variation is about three folds. The demand hydrograph of 
each group of canals would help in operational planning of water resources. 

 
• Cropping patterns and intensities are two important factors influencing potential 

crop water requirement in a CCA. The reported intensities vary from 30% to 
150% for CCAs, introducing a factor of five in the variation of current potential 
water requirements. It indicates that some of the areas have more chances of 
increased water needs in the future as compared to others. 

 
• The importance of reliable data about cropping patterns and cultivated area is 

paramount in assessing the potential water demands for agriculture and the level 
of expected water stress. 
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Chapter – VII 
Precipitation and Teleconnection Analysis 

 
 
 
7.1 PREAMBLE 

 

Although most part of Pakistan is arid, semiarid and steppe receiving marginal 

precipitation, a large amount of population is directly dependent on agriculture, both in 

irrigated riparian regions and on rain-fed grasslands.Irrigated agriculture in this region is 

predominantly in Sindh, Punjab and KPK. Pakistan is a country enjoying two 

precipitation systems i.e. western disturbances and monsoons. 

 

Due to orographic capture of eastward propagating midlatitude cyclones from the 

Mediterranean Sea and Atlantic Ocean, precipitation from Western Disturbances occurs 

predominantly during early spring and late winter (Martyn, 1992). From 1998 through 

2001, drought centered on a broad region including Iran, Afghanistan and Pakistan where 

precipitation is less than 55% of the long-term average during wet season (November–

April) (Barlow, et al., 2001).  

 

While the 1998-2001 droughts period clearly showed great stress on vegetation, there 

was great variation in the degree of stress on different areas. In particular, irrigated land 

was much less affected, as might be expected. As a result, phenology time series for the 

region show mixed temporal patterns due to mixed land cover types, and drought patterns 

are often surprisingly hard to see.  

 

The economy of Southeast Asia depends excessively on the monsoons hence, 

teleconnections between Pakistan summer (monsoon)/winter (western disturbance) 

precipitation and global weather phenomenon provide advantageous means for 

precipitation prediction. This link is responsible for the crucial significance of snow with 

reference to spring heating over land, in addition to the onset date and summer monsoon 

strength. 
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7.2 WHAT IS PRECIPITATION? 

 

Precipitation is any form of liquid or solid water particles, which reach the earth surface 

from the atmosphere. This includes rain, hail, freezing rain, sleet, and snow. In coastal 

areas, precipitation includes sleet, snow, and on rare occasions, hail, rain and drizzle. 

Different geographic locations and seasons receive varying amounts of precipitation, both 

in intensity and amount. Precipitation is caused by the collision of mass of moist warm 

air with cold air masses. Condensation occurs when moisture forms crystals of ice, snow 

or rain droplets. These droplets or crystals fall to earth as precipitation when they become 

too heavy to be suspended in the atmosphere. Most familiar form is rain. It usually falls 

from Cumulonimbus (Cb), Altostratus (As), Stratocumulus (Sc) and Nimbostratus (Ns) 

clouds between drop sizes 0.5 to 6.0 mm (Fig.7.1). Stratus produce small and cumulus, 

large size of drops. Drops larger than 6 mm are rarely observed on the ground (Zhongjia, 

1985).   

 

Fig.7.1  Clouds Genera and Precipitation (Source:http://www.terrapsych.com/ecology.html) 

 

Precipitation is formed within clouds, when water droplets become so large and updrafts 

can no longer support them within the clouds and are caught under the force of gravity 

hence fall to the earth. 

 

7.2.1 Why is Precipitation Important? 

 

Precipitation is essential for the replenishment of water in the earth. The earth would be 

an enormous desert without precipitation. The duration and amount of precipitation 

events affect both quantity and level of water. Fresh water is an important source of 

dissolved oxygen and nutrients. Precipitation provides fresh water to the earth 

environment. Droughts lower the water levels of inland lakes and the fresh water input to 

estuaries. Lake levels influence circulation pattern and drainage in fresh water estuaries.   

 

7.2.2 How is Precipitation Measured and Reported?  
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The precipitation gauge most commonly used consists of a funnel connecting a collector 

at the top and a container at the bottom in which water or molten snow is stored in 

between the observation periods. Gauge of different shapes are in use worldwide. 

Detailed method of measuring and instruments used to measure precipitation is cited in 

the seventh  edition of WMO Guide to Meteorological Instruments and Observation 

Methods (WMO-No. 8) (August 2008) in Part-I Chapter 6. However, precipitation is 

typically reported in height, equivalent of liquid precipitation in inch, mm or kg m-2. The 

amount is typically gathered over a certain period of time. PMD reported as preceding 

one, three, six, nine, twelve, eighteen and twenty four hour cumulative precipitation 

amount. Duration of actual precipitation is neither reported nor recorded.  PMD reported 

and disseminated (over WMO Global Telecommunication System (GTS)) for last 24 

hours i.e. daily precipitation at 0300 UTC (which is 0800 PST).  

 

Precipitation is also known as hydrometeor in meteorology. Any product of condensation 

of atmospheric water vapour which is deposited on the surface of the earth is called 

hydrometeor. When the atmosphere becomes saturated with water vapour via the process 

of cooling or adding of moisture, water condenses and precipitation occurs.  

 

Hail, sleet, snow, drizzle, freezing rain and rain are the few forms of precipitation that 

reach the surface of the earth. Precipitation that does not reach the surface of the earth   

but evaporates before touching or reaching the ground is called ‘virga’. Precipitation is 

responsible for depositing most of the fresh water on the earth and is a major component 

of the hydrological cycle. Each year about 400 00 billion tonnes of water received on the 

earth is in the form of precipitation, and about 13 000 billion tonnes water is always 

available in the atmosphere (Zhongjia, 1985). It can be estimated that the global average 

annual precipitation received on land surface of earth area is about 1 m and over oceans 

about 1.1 m. 

 

Balochistan and Sindh cover the south western, south eastern and western parts, whereas 

Punjab, KPK/FATA and GB/AJK cover the eastern north western and northern parts of 
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Pakistan. Agro-based economy is responsible for the sustenance of 70% of Pakistan’s 

population; hence, irrigation water is of overriding significance. River systems are the 

main source of irrigation in Pakistan. The flow of water in the river system depends upon 

seasonal precipitation and the water made available from glaciers. There is no canal 

system in some arid parts (i.e. barani belt) of the country where people constanatly look 

towards the sky for water for drinking purpose and for their crops, as well.  

 

A wide variation in distribution of mean annual precipitation has been observed between 

southern and northern parts of Pakistan. Balochistan and Sindh receive 158.40 mm and 

162.20 mm precipitation, respectively. Rohri situated in south eastern part of Pakistan 

receives 88.3 mm and Nokkundi situated in south western part of Pakistan, receives 

35.40mm (PMD, 1992a). These parts of Pakistan record low annual precipitation for a 

number of reasons, among them being peculiar synoptic characteristics, topography and 

warm El-Nino episode in combination with Southern Oscillation (SO) in tropical 

subequatorial Pacific area. Kane (1989), Ropelwski and Halpert (1987) and Webster and 

Yang (1992) pointed out that in general the annual precipitation of Pakistan is influenced 

by the negative impact of ENSO. Precipitation data of meteorological stations reveal that 

nearly 70% of the precipitation falls during the summer season in most parts of Pakistan. 

A study on correlation of summer monsoon of Pakistan with El-Nino / OI shows that the 

summer (hence the annual) rainfall is remarkably reduced during warm episodes in 

equatorial Pacific Ocean leading to acute shortages of water in regions which are already 

prone to drought e.g. Sindh and Balochistan in Pakistan. It has also been observed that 

there was no correlation between ENSO and some poor monsoons. 

 

Singh and Sontakke (1996) have noted that during 1876-1993 period a large inter-annual 

variability in Pakistan’s anomaly time series pertaining to its mean annual surface air 

temperature was observed for a number of stations based on 1947–70. From the start of 

this century, a definite warming trend was seen with a linear trend on ~ 0.2oC/100 years 

significant at 5% level. Based on two 30 years normal (i.e. 1931– 60 and 1961 – 90) 

analyzed, Kruss, et al., (1992) found cooling over a small area in south eastern part and 

northen Pakistan and ascribed cloudiness and monsoon rainfall as being responsible for 
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this cooling. On the basis of weighted average of 38 stations covering approximetely 88% 

of the country’s area with the exception of hill regions, which lies parallel to the 

Himalaya range, Chaudhary, et al., (1989) formulated a pan Pakistan rainfall series 

pertaining to the summer monsoon. He observed that the decadal averages between 1904 

–53, on the basis of weighted average for 38 stations of the country, showed a gradual 

increase. 

 

7.3 GLOBAL CLIMATE SYSTEMS  

 

In the 20th century, Sir Gilbert Walker, (1908) while looking into ways to predict the 

Indian monsoon stated that the chief cause of famines was poor unreliable monsoons. It 

was observed that an abnormally high/low atmospheric pressure, in northern Australia at 

Darwin corresponded with unusually low/high atmospheric pressure at Tahiti, an island 

in the Pacific. This seesaw pressure change or more precisely Southern Oscillation, 

correlated well with Indian monsoon. The high pressure recorded at Darwin 

corresponding to Tahiti’s low pressure resulted in failing Indian monsoons and vice-versa.  

 

Several decades later, it was discovered that in the Pacific Ocean there was a connection 

between periodic pressure changes and the Southern Oscillation. It was found that during 

an El-Nino, at the Asian end of the Pacific, towards South America warm surface waters 

revealed a gradual eastwards spread. Due to this, the western Pacific became more dry 

and cool, while the reverse condition occurred in the eastern and central Pacific. During 

La-Nina, the opposite happens in the western Pacific which becomes wetter and warmer 

than usual. The El-Nino, La-Nina and Southern Oscillation are closely connected with 

each other and jointly often referred to as ENSO or El-Nino-Southern Oscillation. Over 

the Indo-Pak subcontinent, the La-Nina is usually the harbinger of rain, while the El-Nino 

of drought.  

 

Since ENSO events have significant impact on climate, predicting of climate becomes a 

scientific challenge of considerable importance. Japan and USA have established an array 

of ocean buoys in the Pacific for continuous monitoring of atmospheric and oceanic 
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parameters. Using this data, scientists have developed computer simulation models and 

statistical techniques to make predictions with tolerable accuracy of ENSO events, 

months in advance. The ability to predict the subcontinent (India-Pakistan) monsoon 

ought to have significantly improved. In recent decades, the link between ENSO and 

subcontinent monsoon unfortunately appears to have weakened. The 20th century 

strongest El-Nino was witnessed in 1997, but the monsoon was normal. The weakening 

link between subcontinent monsoons and ENSO could be the result of global warming 

(Kumar, 1999). 

 

The pattern of drought has recurred many times in the latter part of the nineteenth and in 

the twentieth centuries. During 1998-2001, Pakistan experienced history’s worst drought 

conditions. It was believed that it was triggered by La-Nina phenomena. Accordingly, an 

analytical study has been made to find the relationship between La-Nina phenomena and 

rainfall amounts over Pakistan.  

 

7.3.1 Impact of El -Niño on Weather Patterns  

 

The effects of El-Nino are not localized to the western coast of Peru and Ecuador in the 

tropical region. When it disrupts the normal weather patterns, it has far-reaching global 

effects, which lead to serious negative economic consequences. Eastward migration of 

warm water leads to escalated uprising of moisture onto the atmosphere, which alters the 

weather patterns of the surrounding regions.  Its ripples cause modification of regional 

weather patterns on a global scale e.g. El-Ninos of a high magnitude lead to enhancement 

of the jet stream in the western Pacific, causing it to shift eastwards resulting in severe 

winter storms accompanied by floods and landslides over California and southern United 

States. The El-Nino, in contrast causes severe droughts over Indonesia, Australia and 

southern parts of Asia.  

 

The likeliness of hurricanes in the Atlantic is reduced by the El-Nino but the reverse 

stands for the occurrence. Damages due to severe storms, floods, droughts and fires all 
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over the world by the 1982-83 El-Nino, was estimated by NOAA to be around US$8 

billion. 

 

7.3.2 Impact of Indian Ocean Dipole (IOD) on Weather Patterns 

 

During the negative IOD event, in the southeastern part of the Indian Ocean, sea surface 

temperature rises, off the eastern coast of Japan, the northern coast of Australia and 

throughout Indonesia, on the other hand in the western equatorial Indian Ocean the sea 

surface temperature drops; off the eastern coast of Africa, from the northern edge of 

Somalia to the northern half of the Madagascar and vice-versa in the positive event 

(Fig.7.2).  

 
     Fig.7.2       Positive and Negative Indian Ocean Dipole modes  
                       Red indicates high sea surface temperatures; light blue indicates lower sea 

surface temperatures (Source: www.oceansatlas.org).  
Winds in the Indian Ocean blow from west to east in negative IOD event and east to west 

in positive IOD event. The Arabian Sea near Africa becomes warm, enhancing cloud 

formation in the positive dipole year, while the reverse occurs in eastern Indian Ocean 

and dry around Indonesia where it becomes less cloudy. The presence of positive dipole 

excess rainfall during summer monsoon over India-Pakistan in 1983, ’94 and ’97 was 

reversed despite the Southern Oscillation being adverse. 

 

Yamagata’s group (2001) discovered that due to positive dipole, monsoon rainfall 

increased over India and Pakistan while monsoon rain was reduced due to a negative 

dipole. The summer monsoon of the Indian peninsula, being influenced by the IOD are 

the consequence of weakening/strengthening of ENSO influence on the monsoon. In 

1993-94 and ’97 despite adverse Southern Oscillation, positive dipole presence helped in 

causing normal to excess rainfall over India and Pakistan. 

 

IOD is an irregular phenomenon that affects monsoon over Indonesia, Australia, the Sub 

Continent and many other adjoining countries. Monsoon is vital for Pakistan’s economic 

growth and brings much awaited rainfall to the Sub-Continent (India, Pakistan, 
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Bangladesh). The monsoons are influenced by various factors. Records reveal that a 

positive IOD developed during the 1997 monsoon, meaning to say, heavy rainfall for 

Indian subcontinent, but was a complete failure in Sindh and partially in GB/AJK. 

Because El-Nino pushed high pressure over Pakistan and most of India that blocked the 

passage of monsoon rains.  

 

In 2009, IOD was in a neutral state (Takeshi, et al., 2010), meaning normal sea 

temperatures in the western and eastern half of the Indian Ocean but the El-Nino 

phenomenon caused 30% below normal monsoon rainfall in Pakistan and India that 

caused anxiety among the farmers of both the countries especially India which depends 

80% on these monsoon rainfall for their crops. But southern Pakistan i.e. Karachi and 

Hyderabad received above, to more than above normal monsoon rains than any other city 

of Pakistan during the monsoon of 2009. No one knows the reason; it might have been an 

isolated event.   

7.4 IMPACT OF ENSO ON THE PRECIPITATION OF PAKISTAN 

 

Investigating the impact of El-Nino on the precipitation of Pakistan Chaudhary, et al 

(1992) have shown that all the 07 strong El-Nino years between 1901 to 1990 had deficit 

country average monsoon precipitation. The present analysis further shows that 1987 was 

a strong El-Nino year and had less than normal precipitation. The details of the 

performance of the monsoon precipitation from 1901-1990 are given in Table 7.1. 

 

Table 7.1    
Details of El-Nino Years and all Pakistan Summer Monsoon Rainfall – 1901-1990 

  

S.No Year 
Intensity 

of El-
Nino 

All Pakistan Monsoon Rainfall 
Amount  

(mm or kg m-2) 
%age Departure 

from Normal 
Standardized 

Value 
1 1911 Strong 56.90 -57.09 -1.49 
2 1918 Strong 47.40 -64.25 -1.68 
3 1925 Strong 109.80 -17.19 -0.45 
4 1944 Strong 107.40 -19.00 -0.50 
5 1957 Strong 78.90 -40.45 -1.06 
6 1972 Strong 90.10 -32.00 -0.83 
7 1982 Strong 103.00 -2.26 -0.58 
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1 1902 Moderate 137.70 3.85 0.10 
2 1905 Moderate 66.30 -50.00 -1.31 
3 1914 Moderate 11.00 11.00 0.29 
4 1929 Moderate 216.60 63.35 1.65 
5 1939 Moderate 60.60 -60.60 -1.42 
6 1953 Moderate 151.20 14.11 0.37 
7 1965 Moderate 81.90 -38.19 -1.00 
8 1976 Moderate 244.80 84.75 2.21 
9 1987 Moderate 63.00 -52.45 -1.37 
1 1917 Weak 239.90 80.92 2.21 
2 1923 Weak 113.40 -14.48 -0.38 
3 1932 Weak 131.00 -1.21 -0.03 
4 1943 Weak 107.90 -18.63 -0.49 
5 1951 Weak 71.40 -46.15 -1.20 
6 1969 Weak 89.20 -0.85 -0.85 

       (Source: Chaudhary, 1992) 
 
 
 
 

Table 7.2 
Performance of all Pakistan Summer Monsoon Rainfall continuation of El-Nino 

phenomenon 1901-1990 

S.No. Year 
Intensity 

of El-
Nino 

Monsoon Rain 
%age Departure 

from Normal 
Year

Intensity 
of El-
Nino 

Monsoon Rain 
%age Departure 

from Normal 
1 1911 Strong 57 1912 Moderate -28 
2 1918 Strong -64 1919 Moderate -8 
3 1925 Strong -17 1926 Strong 17 
4 1929 Moderate 63 1930 Moderate 2 
5 1957 Strong -40 1958 Strong 8 
6 1972 Strong -32 1973 Strong 47 
7 1982 Strong -22 1983 Strong 59 

(Source: Chaudhary, 1992) 
 

The Table 7.2 shows that 05 out of 07 El-Nino years, which continued to the succeeding 

year received more than normal precipitation. Only two years 1912 and 1919 had 

negative anomalies. The temporal distribution of the country’s average monsoon 

precipitation is shown in Fig.7.3. 

Fig.7.3        Temporal Distribution of Mean Monsoon Precipitation of Pakistan 
 

Fig.7.4  Monsoon Precipitation of Pakistan and SOI 
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Fig.7.4 supports the information as provided by the aforementioned tables. It was found 

that a good number of years having normal or La-Nina conditions had high deficit 

precipitation. On the other hand, the year 1997, which was a strong El-Nino year, had a 

positive anomaly. Thus, there is no one to one correlation of the precipitation events and 

ENSO activities. This aspect is studied in more details in the following sections. 

 

7.4.1 Time Series Analysis of Seasonal Precipitation 

 

The temporal plots of monthly precipitation for five provinces and Pakistan has been 

plotted in the figure and superimposed by SOI. The plots show that the precipitation and 

SOI have complicated nature of variations; some times they are in phase while some 

times they are out of phase. The variation of precipitation in Pakistan is in phase with 

SOI with some exceptions when the precipitation is completely out of phase. The out of 

phase relations are dominant between 1974-’80 and 1993-’99. For all five provinces, the 

variations are found to be in phase with SOI for most of the years. 

 

Since, the precipitation of Pakistan follows strong seasonality; the analysis of the 

precipitation variability has been done on seasonal basis. The seasonal precipitation has 

been shown in the temporal plots for all five provinces. The correlation analyses of the 

seasonal precipitation and SOI, NINOs and IOD have been performed for all five 

provinces. The results have been shown in Table 7.3. 

 

Table 7.3    
Correlation between Monsoon Precipitation and IOD, NINO1+2, NINO3, NINO3.4 & 

NINO4 
 

 IOD NINO1+2 NINO3 NINO4 NINO3.4 SOI 

Gilgit  Baltistan -0.04461 -0.14486 -0.33256 -0.30501 -0.34775 0.26429 

Balochistan 0.10312 -0.00338 -0.12688 -0.08039 -0.14456 -0.04872 

Khyber Pakhtunkhwa -0.06023 -0.18299 -0.30855 -0.30471 -0.34176 0.22836 

Punjab -0.13178 -0.11267 -0.27335 -0.24336 -0.30596 0.23612 

Sindh 0.15558 -0.11988 -0.18503 -0.06009 -0.12373 -0.05921 
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Pakistan -0.00864 -0.14923 -0.31137 -0.25787 -0.31958 0.16904 
Table 7.4    

Correlation between Winter Precipitation and IOD, NINO1+2, NINO3, NINO3.4 & 
NINO4 

 
 IOD NINO1+2 NINO3 NINO4 NINO3.4 SOI 

Gilgit  Baltistan -0.12006 -0.11595 -0.01079 0.18724 0.07395 -0.09960 

Balochistan 0.14533 0.25610 0.36122 0.32159 0.34302 -0.30642 

Khyber Pakhtunkhwa -0.03506 -0.02413 0.02462 0.13100 0.05577 -0.07331 

Punjab -0.06324 -0.09669 -0.03792 0.13012 0.00962 -0.04587 

Sindh 0.09744 -0.05883 0.01218 0.20462 0.06962 -0.06802 

Pakistan -0.02314 0.00088 0.08390 0.21476 0.12580 -0.13622 
 

Table 7.5 
Correlation between Annual Precipitation and IOD, NINO1+2, NINO3, NINO3.4 & 

NINO4 
 

 IOD NINO1+2 NINO3 NINO4 NINO3.4 SOI 

Gilgit  Baltistan 0.02242 0.11400 0.14734 0.22215 0.18584 -0.20605 

Balochistan 0.30844 0.37092 0.35244 0.26062 0.29355 -0.37355 

Khyber Pakhtunkhwa 0.27057 0.22038 0.25868 0.25289 0.26905 -0.31012 

Punjab -0.00174 0.10541 0.02804 0.04843 0.01066 -0.06955 

Sindh 0.18175 -0.09126 -0.15621 -0.03156 -0.10096 -0.07684 

Pakistan 0.17754 0.17943 0.13648 0.16213 0.13641 -0.23620 
 

From the tables it can be seen that the monsoon precipitations are positively correlated 

with the SOI and negatively with NINO1+2, NINO3, NINO3.4 & NINO 4. The IOD and 

monsoon precipitation show positive correlation for Sindh and Balochistan and negative 

for the other three provinces and for the country. The Winter and Annual Precipitation for 

all five provinces and Pakistan are positively correlated with NINO3.4 and NINO4 

except Sindh where they are negatively correlated. The monsoon precipitation does not 

exhibit any substantial correlation with SOI, though Tables 7.4 and 7.5 show that most of 

the El-NINO years have deficit precipitation. 

 

Since the winter precipitation is very scanty in all provinces, the strong negative 

correlation over those areas during this season may not influence much on the over all 
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variability of the annual or seasonal precipitation over those areas. The standardized 

annual precipitation and IOD, NINOs and SOI for GB/AJK, Balochistan, KPK/FATA, 

Punjab, Sindh and Pakistan have been depicted in Figs.7.5.1 to 7.5.3, Fig.7.6.1 to 7.6.3, 

Fig.7.7.1 to 7.7.3, Fig.7.8.1 to 7.8.3, Fig.7.9.1 to 7.9.3, to 7.10.1 to 7.10.3, respectively. 

 

Fig.7.5.1 Standardized Annual Precipitation and IOD of GB/AJK, 1961-2010 

Fig.7.5.2 Standardized Annual Precipitation, NINO1+2, NINO3, NINO4 and 
NINO3.4 of GB/AJK, 1961-2010 

Fig.7.5.3   Standardized Annual Precipitation and SOI of GB/AJK, 1961-2010 
Fig.7.6.1   Standardized Annual Precipitation and IOD of Balochistan, Period: 1961-

2010 
Fig.7.6.2 Standardized Annual Precipitation, NINO1+2, NINO3, NINO4 and 

NINO3.4 of Balochistan, Period: 1961-2010 
Fig.7.6.3 Standardized Annual Precipitation and SOI of Balochistan, Period: 1961-

2010 
Fig.7.7.1   Standardized Annual Precipitation and IOD of KPK/FATA, 1961-2010 
Fig.7.7.2   Standardized Annual Precipitation, NINO1+2, NINO3, NINO4 and 

NINO3.4 of KPK/FATA, 1961-2010 
Fig.7.7.3   Standardized Annual Precipitation and SOI of KPK/FATA, 1961-2010 
Fig.7.8 .    1 Standardized Annual Precipitations and IOD of Punjab, 1961-2010 
Fig.7.8.2   Standardized Annual Precipitation, NINO1+2, NINO3, NINO4 and 

NINO3.4 of Punjab, 1961-2010 
Fig.7.8.3   Standardized Annual Precipitation and SOI of Punjab, 1961-2010 
Fig.7.9.1   Standardized Annual Precipitation and IOD of Sindh, 1961-2010 
Fig.7.9.2   Standardized Annual Precipitation, NINO1+2, NINO3, NINO4 and 

NINO3.4 of Sindh, 1961-2010 
Fig.7.9.3   Standardized Annual Precipitation and SOI of Sindh, 1961-2010 
Fig.7.10.1   Standardized Annual Precipitation and IOD of Pakistan, 1961-2010 
Fig.7.10.2   Standardized Annual Precipitation, NINO1+2, NINO3, NINO4 and 

NINO3.4 of Pakistan, 1961-2010 
 

Fig.7.10.3   Standardized Annual Precipitation and SOI of Pakistan, 1961-2010 
 
During 1998-2003, Pakistan experienced history’s worst drought conditions. It was 

believed that it was triggered by La-Nina phenomena. Accordingly, an analytical study 

has been made to find the relationship between La-Nina phenomena and rainfall amounts 

over Pakistan (section 7.4.2).  

Firstly, with regard to this matter, constituents of cold event or La-Nina has been 

determined. Point to be noted, that different year for La-Nina has been listed at different 

sources. Ultimately, National Climate Prediction Centre (NCPC), USA provides, 
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seasonal breakup of ENSO intensity conditions which occur in the tropical Pacific region 

(from 150o W to the dateline along the equator), hence selected. In a strict sense, over a 

period of several months, La-Nina causes extreme cooling in the central and eastern 

equatorial region of the Pacific. It is not just a temperature anomaly determined from the 

long term average. Seasons are defined on a quarterly basis i.e. July to September is 

monsoon, January to March is winter.  

 

Data of SOI, NINO1+2, Nino3, Nino3.4, Nino4 and IOD for the period 1961 to 2010 has 

been taken from Japan Agency for Marine-Earth Science and Technology (JAMSTEC) 

web site. The El-Nino and SOI year categorized list has been obtained from web-site of 

NOAA Regional Climate Centre. The Standardized Rainfall has been computed for the 

present purpose. There had been 8 Strongly El-Nino years (SOI below -1.00), 8 Moderate 

years (SOI between -0.50 and -0.99), 22 Neither or Nada Nino year (SOI between -0.50 

and +0.50), 5 Moderate La - Nina years (SOI between +0.50 and +0.99), and 4 Stronger 

La-Nina (SOI over +1.00) years during the period 1961-2010 have been recorded. Out of 

all the 23 dry years, 5 were La-Nina years, 9 were Nada Nino years, 4 were strong El-

Nino years while 4 were moderate El-Nino years. 1965, 72, 77, 82, 87, 93, 94 and 97 

were the strong El-Nino years and 1963, 69, 76, 91, 92, 20002, 04 and 06 moderate El-

Nino years were related with the poor monsoon rainfalls in Pakistan but the graphs 

(Fig.7.15 to 7.23) are showing monsoon and summer annual El-Nino and La-Nina 

situation in Pakistan. The result supports the idea that all poor monsoons in Pakistan are 

not essentially correlated with the ENSO events, especially southern Pakistan 

(Balochistan, Sindh). The mildly +ve SOI i.e. moderate La-Nina years have occurred in 

1964, 70, 71, 74 and 2000. The analysis of correlation of All-Pakistan precipitation and 

mildly +ve SOI (moderate La-Nina) shows a decrease in precipitation in those years. 

Analysis reveals a sharp decrease compared to other years during 1971 winter rainfall. 

Abrupt changes in global atmospheric conditions were noticed in November 1970. 

During fall season there was a record of La-Nina evolution. Compared to 1961, 1970 and 

2000 were the evolution of La-Nina episode which was probably one of the reasons for 

recording of below normal precipitation in the 1971 winter season. Similar correlations 

have been found in Punjab and KPK provinces. The analysis of precipitation and SOI in 
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different Nino years have been depicted as graphs in Figs.7.11.1 to 7.11.4 and Figs.7.12.1 

to 7.12.5 for the period 1961-2010. 

Fig.7.11.1        SOI and Annual Precipitation of Pakistan during Moderate El-Nino years 
 
Fig.7.11.2      SOI and Annual Precipitation of Pakistan during Strong El-Nino years 
 
Fig.7.11.3        SOI and Annual Precipitation of Pakistan during Strong La-Nina years 
Fig.7.11.4 SOI and Annual Precipitation of Pakistan during Moderate La-Nina years 
 
Fig.7.12.1 SOI and Annual Precipitation of Punjab during Moderate La-Nina years 
 
Fig.7.12.2 SOI and Annual Precipitation of Punjab during Strong La-Nina years 
 
Fig.7.12.3 SOI and Annual Precipitation of KPK/FATA during Moderate La-Nina 
years 
 
Fig.7.12.4 SOI and Annual Precipitation of Sindh during Moderate La-Nina years 

 
Fig.7.12.5 SOI and Annual Precipitation of Balochistan during Moderate La-Nina   

years 
 
7.4.2 El -Niño and La- Niña Winters Classification 

 

Koch & Redmond (1991) have found slightly better relations between SOI and western 

climate than with SST. Atmospheric quantities SOI determine the ENSO. La-Nino and 

Nada Nino are usually defined by ocean temperature i.e. Sea Surface Temperature (SST).  

ENSO phase are the strong enough relationship between La-Nina/El-Nino and 

moderately positive/negative SOI year. Most La-Nina events are moderate positive, SOI 

and El-Nino events are moderate negative SOI. Different categorization approach 

produce different results but most produce same SOI year.  

Strongly +ve SOI (+1.00 or more) - Stronger La-Nina 

Mildly +ve SOI (+0.50 or more) - Moderate La-Nina 

Neither (SOI between -0.50 and +0.50)- Neither or Nada Nino (not included) 

Mildly -ve SOI (-0.50 or less) - Moderate El-Nino 

Strongly -ve SOI (-1.00 or less) - Stronger El-Nino 
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Unless stated otherwise, the term El-Nino and La-Nina are based on SOI. Strong and 

moderate El-Nino and La-Nina years have been enlisted in Tables 7.6 and 7.7, 

respectively. 

Table 7.6    La-Nina Years -1933 to 2007 
 

S.No Year Intensity of El-Nino  Sl.No Year Intensity of El-Nino 
1 1938 Strong La-Nino  1 1940 Strong El-Nino 
2 1950 Strong La-Nino  2 1941 Strong El-Nino 
3 1955 Strong La-Nino  3 1946 Strong El-Nino 
4 1973 Strong La-Nino  4 1951 Strong El-Nino 
5 1975 Strong La-Nino  5 1965 Strong El-Nino 
6 1988 Strong La-Nino  6 1972 Strong El-Nino 
7 1998 Strong La-Nino  7 1977 Strong El-Nino 
    8 1982 Strong El-Nino 
`    9 1987 Strong El-Nino 
    10 1993 Strong El-Nino 
    11 1994 Strong El-Nino 
    12 1997 Strong El-Nino 

Table 7.7    La-Nina Years – 1933 to 2007 
 

S.No Year Intensity of La-Nina  S.No Year Intensity of La-Nina 

1 1947 Moderate La-Nina  1 1939 Moderate El-Nina 

2 1956 Moderate La-Nina  2 1944 Moderate El-Nina 

3 1964 Moderate La-Nina  3 1953 Moderate El-Nina 

4 1970 Moderate La-Nina  4 1957 Moderate El-Nina 

5 1971 Moderate La-Nina  5 1963 Moderate El-Nina 

6 1974 Moderate La-Nina  6 1969 Moderate El-Nina 

7 2000 Moderate La-Nina  7 1976 Moderate El-Nina 

    8 1991 Moderate El-Nina 

    9 1992 Moderate El-Nina 

    10 2002 Moderate El-Nina 

    11 2004 Moderate El-Nina 

    12 2006 Moderate El-Nina 
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7.5 CONCLUSION  

 

Due to lack of consensus on any universally accepted nomenclature of a La-Nina, as well 

as frequency of its appearance, problems arise in the evaluation and use of information 

related to it. Assessment of societal and environmental impacts of La-Nina or its physical 

characteristics becomes difficult due to stricter definitions, smaller samples and fewer 

events. 

 

During cold ENSO episodes, cooler than normal ocean temperatures, inhibit formation of 

rain-producing clouds in the equatorial Central Pacific region. In the mid-latitudes, low 

pressure systems have a tendency to be weaker than normal. Across the tropics large-

scale modifications in the atmospheric winds occur across the tropical Pacific La-Nina 

episode. Increased westerly winds in the upper atmosphere over the eastern tropical 

Pacific, and increased easterly winds in the lower atmosphere across the eastern Pacific, 

reflecting magnified vitality of the equatorial Walker Circulation condition occur.  

 

Under similar La-Nina conditions which occur during fall (October, November) and the 

subsequent winter precipitation on a Pan-Pakistan basis is somewhat suppressed. On the 

other hand, if winter intensity of La-Nina episode becomes weak and it is in decay 

process, in comparison to the preceding months (October, November), i.e. SST reveals a 

rising tendency, with a normal to above normal occurrence of rainfall over Pakistan.  

 

If during monsoon, intensity of La-Nina increases, rainfall becomes enhanced. However, 

if during monsoon compared to pre-monsoon La-Nina phenomena tend to weaken, it 

becomes normal to below normal.  

 

Precipitation pattern is different for the monsoon and winter seasons during La-Nina 

episode because seasonal changes determine the seasons of precipitation maximum, 

which govern the processes of precipitation produced. In winter, western disturbances 

coupled with air mass polar maritime properties, mainly produce precipitations in 

Pakistan, whereas monsoon rain are caused by waves having air masses with tropical 
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maritime properties. In the two seasons feeding sources for disturbances vary, therefore 

the response to La-Nina episodes are also not uniform.  

 

Warm and cold ENSO episodes contribute to the pattern of variability of weather systems 

and to extremes of local and regional climate. Complex non-linear interactions between 

various components of climate system during ENSO events, results in seasonal shifts in 

the frequencies of occurrences and intensity of regional ENSO persisting climate 

anomalies that have enormous societal impacts  and is the part of recurring patterns of 

extreme weather events, especially in developing countries.  

 

A concerted effort is required on the part of governmental and non-governmental 

organizations to develop appropriate policies to mitigate climate change and prepare their 

communities for periodic impacts of climate extreme.  

 

The impact of SOI, IOD and NINOs phenomenon on the climate variability of Pakistan 

has been investigated in detail. The major findings of this investigation are as follows:  

 

• Over the South Asian monsoon region the El-Nino years have deficit monsoon 

precipitation. This feature has also been observed for monsoon precipitation of 

Pakistan (Chaudhary, et al, 1998). The correlation analysis of seasonal 

precipitation with the respective SOI shows some conflicting results compared to 

those over India, Nepal and Bangladesh.  

 

• The monsoon precipitation over all five provinces does not show noticeable 

correlation. Some negative correlation has been observed for winter, monsoon and 

annual precipitation for all five provinces and for Pakistan as a whole. 

 

• If further indepth analysis is to be made, the attention is to be focused on the 

climatic flow pattern of the southern part of sub-polar lows and its interaction 

with the northern part of the climatic flow pattern of sub tropical high, so far as 
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the northern hemisphere part is concerned, in order to assess whether there is any 

chance of frontal system between the two. 
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 Chapter – VIII 
Stream Flow and Crops Analysis 

 
 
8.1 PREAMBLE    

 

The degree of drought impact is linked with the occurrence of drought in different stages 

of the hydrological cycle. Soil moisture deficit in an agricultural drought may increase 

the probability of forest fires and reduce agricultural production. It can further ripen into 

a hydrological (streamflow) drought resulting in deficit of groundwater and surface 

water, reducing water supply for hydelpower, industrial, irrigation and drinking need 

(Wilhite, et al., 1985; Dracup, et al., 1980). 

 

Pakistan depends on a single river system, i.e. the Indus for its 130 million people. The 

river Indus along with its tributaries is the main source of water for agricultural purposes 

while 45% of the electrical energy for Pakistan is produced by the Indus main stream 

(Khan, 1999). Besides Pakistan, the Indus River Basin is spread over China (Tibet) and 

Afghanistan, too. Indus River and its tributaries are the primary water resources of 

Pakistan. About 65% of the Indus River Basin is located in Pakistan, while 07% in AJK, 

10% in China, 08% in Afghanistan and 10% in Indian Occupied Kashmir. Pakistan has 

barely 30 days of water storage capacity in the Indus basin (USAID, 2009). Under Indus 

Water Treaty (1960), Pakistan is dependent on three western rivers i.e., Indus, Jhelum 

and Chenab. 

 

The Indus alongwith its tributaries (Fig.8.1) has its source in the Karakoram, Hindukush 

in the north and northeastern borders of Pakistan. The rivers with a combined annual 

average volume of 178 BCM (Billion Cubic Meter) (144.31 MAF (Million Acre Foot)) 

for all major rivers discharged into the Indus plains descend south towards the Arabian 

Sea. The Indus river system forms a link between ground water stored in the alluvial 

deposits of the Indus plains in both the provinces of Sindh and the Punjab and two great 

natural reservoirs i.e. glaciers and snow. The deficit of annual precipitation amount 

results in low stream flow in rivers leading to reduced crop production in rainfed (barani) 
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areas. Shortage of water is felt during the drought period both for civic as well as 

agricultural requirement.  

 

Most of the river runoff depends on high altitude (i.e. above 2 500m). Between 2 500 m 

and 5 500 m (amsl) lies the active hydrological zone (PSIHP, 1991). From March to 

September, glacial melt and snow of this zone contribute towards river runoff. At an 

elevation of 5 500 m (amsl) is the snow line in the upper Indus catchment, where process 

of snow accumulation dominates even during summer.  

Fig.8.1   The Indus River System – Pakistan 
 (Source: http://www.waterinfo.net.pk/fsib.htm) 

 

Almost 60% of the irrigation water is provided by the Indus and its tributaries while most 

of the remainder recharges the groundwater through various basin streams. For both, rural 

and urban, domestic as well as industrial requirements the Indus along with its tributaries 

are the chief source of water. It is estimated that reservoirs and wells which are recharged 

by rivers and tributaries as well as streams, in addition to canals provide about 80% of the 

water for consumption. Inflow data of Indus and its tributaries has been collected from 

WAPDA for this study purpose. All cereal grain production mainly wheat and rice, most 

of the cotton and all sugar production is produced in 85% of the irrigated land. Exports of 

wheat, cotton, rice and sugar is the main source of the country’s trade earnings i.e. 

revenues. Crop data have been collected from Federal Bureau of Statistics and Ministry 

of Food, Agriculture and Livestock (MINFAL).  

 

WAPDA which has been the consultant for the World Bank with reference to the studies 

of the Indus Basin System has stated that Indus System has economically developable 

hydropower  potential  over 30 000 MW (Khan, 1999) which  is  presently slightly under 

 5 000 MW.  

 

Forty five main canals form the bulk of Indus Basin Irrigation System (IBIS). Being the 

world’s largest contiguous irrigation network, it directs nearly 75% of the average annual 

flow of the river into the basin of the Indus (Kharal, 2007). 
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8.2 PHYSICAL SYSTEM 

 

8.2.1 Natural System  

 

The Indus River alone contributes two thirds of the combined average annual discharge, 

while the remainder one-third by Kabul, Jhelum and Chenab rivers. The source of Indus 

River lies at an altitude of 5 500 m (amsl) western Tibet in Mount Kailas. Beyond the 

polar region, Indus catchments are the home of some of the largest glaciers on the globe. 

The area of the upper Indus catchments glacier is about 2 250 sq. km. The mainly 

snowfed Kabul river originates north of the Khyber Pass from the Unai Pass at an 

elevation of 3 000 m (amsl), of the southern Hindukush. It enters into Pakistan, after 

draining eastern Afghanistan. The Jhelum which falls less rapidly than the Indus, prior to 

its entrance, rises in Kashmir in Pakistani territory, at much lower elevation. The Chenab 

river originates at an elevation of over 4 900 m (amsl) in Himachal Pradesh in India. Its 

entrance into the Pakistani territory lies in proximity to the Marala Barrage and flows 

through Jammu in Indian-held Kashmir. The Chenab joins Jhelum at the Trimmu 

Barrage. The ice and snow melt at the glaciers of the upper Indus catchments during the 

summer season provides approximately 80% of the total flow of the Indus river supply. 

The late rabi and early kharif (March, April and May) irrigation requirements of the 

canals filled by significant flow from the one month earlier rise of Jhelum river, depends 

on snow melt. Chenab and Jhelum river catchments both can simultaneously be 

replenished by the monsoon runoff (http://cms.waterinfo.net.pk).  

 

8.2.2 Constructed System 

 

The main canals receive the water of the river Indus through barrages or reservoirs. 

Subsequently, the network of branch canals facilitate in the distribution of irrigation 

water to their respective command areas. The two main storage dams on the Indus are the 

Mangla and Tarbela. The storage capacity of both the Tarbela and Mangla reserviours is 

15 BCM (12.16 MAF) while that of Chashma is approximately 0.5 BCM (0.41 MAF) 

(WAPDA, 2010). There are long-term plans to improve regulation for power generation 
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and building of more dams on the river Indus in order to enhance the storage capacity and 

to mitigate floods. The irrigation system of Pakistan, serving 17 million hectares of 

contiguous land is the world’s largest, highly integrated irrigation network. IBIS has 15 

barrages (Fig.8.2). The discharge capacity of 45 main canals ranges from 15 to 425 m3 s-1 

and 14 link canals (inter-river with discharge capacities ranging from 142 to 642 m3 s-1) 

(IWMI, 2001).  

 

Fig.8.2    The Indus Basin Irrigation System (Kharal, et al., 2007) 
               (Note: 1 cusec = 1.98347109902 acre foot/day = 0.0283168 cubic meter/second) 

 

8.3 INDUS BASIN WATER AVAILABILITY  

 

8.3.1 Surface Water 

 

Rim stations measure river inflows, data of which is enlisted for assessing the surface 

water resources in the Indus River System (IRS). Rim Stations are control structures e.g. 

barrages, reservoirs, etc., constructed   in  IBIS on the river immediately upstream of the 

canal-irrigated Indus plains of Sindh and Punjab provinces or where rivers enter into 

Pakistani territory. The IRS Rim Stations are Tarbela reservoir (or sometimes Kalabagh 

Barrage) for main Indus, Marala barrage for the Chenab, Mangla reservoir for Jhelum, 

Sulemanki for Sutlej and Balloki for Ravi (Figs.8.1 and 8.2). The western rivers comprise 

on Indus, Jhelum and Chenab rivers (Fig.8.2).  The annual combined flow volumes of the 

western rivers i.e. Indus, Chenab and Jhelum range from 119.86 BCM (97.17 MAF) 

(minimum) to 230.50 BCM (186.87 MAF) (maximum) during the period 1960-61 to 

2010-11. The mean annual inflow during the period is 175.18 BCM (142.02 MAF) and 

variability (i.e Coefficient of Variability) is 14.0%. During the period peak flow occurs 

between 25 BCM (20.27 MAF) and 50 BCM (40.54 MAF) while January experiences 

lowest average flow 3.7 BCM (3.0 MAF). Approximately, 83% of the stream flow of 

Indus occurs during the period between April and September (Table 8.1). The system’s 

mean inflow is 145 BCM (117.55 MAF) for kharif and 30 BCM (24.32 MAF) for rabi 
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season. 95% confidence interval for this value is (+) 6 BCM (4.86 MAF) and (+) 3 BCM 

(2.43 MAF) for kharif and rabi, respectively (Khan, 1999).  

 
Table 8.1 

Western Rivers Rim Stations – System Inflows (1960-61 until 2010-11) 
 

 Minimum Maximum Average 
BCM MAF BCM MAF BCM MAF 

Kharif  98.07 79.51 190.95 154.81 144.51 117.16 
Rabi  19.23 15.59 43.36 35.15 31.30 25.37 
Annual  119.86 97.17 230.5 18.69 175.18 142.02 

(Data Source: Water Resources Management Directorate, WAPDA) 
 

8.3.2 Canal Commands-Rainfall 

 

There is great spatial, temporal and magnitudinal variation in Pakistan. Almost two-third 

of the rainfall is concentrated in July, August and September (i.e. monsoon season). The 

mean annual precipitation near the foothills of Himalayas, in the plains of the upper Indus 

exceeds 750 mm while in its lower counterpart it is less than 100 mm. The chief sources 

of rainfall in Pakistan are monsoons and western disturbances. Ground water and canal 

water are the major sources of irrigation compared to rainfall. The monsoons originate in 

the Bay of Bengal commencing in early July and remaining active until September. It 

reaches Pakistan after passing over India. The dry periods, April to June and October to 

November are also thunderstorm periods in Pakistan. During these periods, convection 

produces thunderstorms and brings localized and sporadic rainfall (Khan, 1991). The 

rainfall varies from north to south. Distribution of rainfall amount gradually decreases 

and variability shows an increasing trend from the north and northeast towards the 

southern part of the country. The entire Indus plain receives mean agro-seasonal rainfall 

in kharif 212 mm and in rabi 53 mm (Khan, et al., 2000). The northern-most canal 

commands of the Punjab and canal command areas in KPK receive some appreciable 

rainfall (amount) round the year (i.e. rabi (winter) and kharif (summer) both season). 

Rainfall variability is high in the canal command areas of Sukkur and Guddu. (Sources: 

GoP, 1991, 2000; PBS, 1991 to 2000) 
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Fig.8.3  Total Inflow (MAF) of Indus at Kalabagh, Jhelum at Mangla and 
 Chenab at Marala 

 

The inflow of Kabul plus Indus at Kalabagh, Jhelum at Mangla, Marala at Chenab and 

total inflow of western rivers (i.e. Kabul along with Indus, Jhelum and Chenab) exhibited 

random shortfall and surplus during the period 1960-2011). The tendency of the data has 

been depicted as trend line equations (Fig.8.3). There is a negative tendency in Kabul 

plus Indus inflow reflecting the political influence on Kabul river inflow (Fig.8.4). The 

inflows of the other two rivers reveal positive tendencies (Figs.8.5 and 8.6). The overall 

total Inflow of all three western rivers is showing surplus tendency. Table 8.2 shows 

trend equations, long term mean (1960-2003) and standard deviation. 

 
Fig.8.4    Inflow (MAF) of Indus at Kalabagh 
 
Fig.8.5    Inflow (MAF) of Jhelum at Mangla 
 
Fig.8.6    Inflow (MAF) of Chenab at Marala 

Table 8.2 
Trends and Deviation of Western River Inflow for the period 1960-61 to 2010-11 

 
S.No. River Inflow Location Trend Equation Mean 

(BCM) 
Standard 
Deviation 

1 Indus at Kalabagh y = 0.052 x + 108.30 109.74 15.09 
2 Jhelum at Mangla y = 0.011 x + 27.07 27.38 5.79 
3 Chenab  at Marala y = 0.021 x + 32.08    31.51 5.02 
4 Total Inflow (western rivers)  y = 0.045 x + 167.40 168.58 23.43  

(Data Source: Water Resources Management Directorate, WAPDA) 
 

There is 0.052 BCM (0.0421 MAF) per annum increase in inflow of Indus, 0.010 BCM 

(0.0089 MAF) per annum increase in inflow of Jhelum and 0.021 BCM (0.017 MAF) per 

annum increase in inflow of Chenab. The 0.045 BCM (0.0365 MAF) per annum increase 

in total Inflow of western rivers (Indus, Jhelum and Chenab) has been recorded. Average 

Total Inflow in western rivers is 168.58 BCM. The longterm mean annual inflow of Indus 

is 109.74 BCM; for Jhelum it is 27.38 BCM, while for Chenab it is 31.51 BCM. The 

Jhelum and Chenab rivers show less deviation than the Indus River. The over all 

deviation in total inflow has been found to be much higher.  Low stream inflow in 
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combined inflow may be seen during drought period of 1970-’73 and 2000-’04 (Fig.8.3). 

The same may be seen in individual inflow (Figs.8.4 to 8.6). The years 1971-’73 and 

2000-’02 have been identified as hydrological drought years.  

 

8.4 CLIMATIC INFLUENCES  

 

Due to variation in altitude, topography and season, Pakistan has great climatic diversity. 

From December to February, Pakistan experiences cold winters while from May to 

August it experiences hot summers, which is also recognized as hot rainy season. 

Pakistan faced spring during March to May. Autumn starts in late September and remains 

until the occurrence of winter at the commencement of temperature extremes; low 

precipitation and low humidity are characteristic of most rangelands of Pakistan. Most of 

these rangelands are in arid and semiarid zones. Moreover, the effects of overgrazing and 

occurrence of droughts lead to permanent and total destruction of some vegetation 

species. Greater parts of GB fall in the rain shadow area of monsoons. With hot summers 

and cold winters, the natural environment of this area is harsh and arid. Climate has a 

profound influence on the agriculture; hence, on the socio-economic conditions of 

Pakistan, therefore it is necessary to have an insight into the agro-ecological zones 

(Fig.8.7). 

 

Fig.8.7    Ecological Zones of Pakistan   
 

Agro-ecological division of Pakistan is as follows:  
 
8.4.1 Agro-ecological zones  
 

Following are the agro-ecological zones of Pakistan on the basis of climatic parameters 

as put forward by Ullah, et al., (2001) and Rahim (2010): 

 

(I) Indus Delta Zone 

This zone is characterized by arid tropical marine climate with mild winters and moderate 

summers. The summer mean daily maximum temperature ranges between 34o - 45o C 



258 
 

while that of winter ranges between 19o - 20o C. The summer mean monthly rainfall 

(July-September) is about 75 mm while that of winter (December-February) is below05 

mm. Rice, sugarcane, pulses, banana and berseem are the major crops. The best grazing 

season is summer, while the poorest is autumn. 

 

(II) The Irrigated Plains of South 

The climate here is subtropical arid and continental, characterized by hot summers and 

mild winters. From May to July, the mean daily temperature ranges between 40o-45o C. 

While that of winter is approximately 8.5o C. The summer mean monthly rainfall is only 

between 16-20 mm, with negligible winter. Cotton, wheat, sugarcane, rice, sorghum, 

berseem are the major crops. Summer is the best grazing season. 

 

(III) Zone of Sandy Desert (a and b) 

The climate here ranges between arid, semi-arid, subtropical with continental 

characteristics of extreme hot summers and mild winters. The summer mean daily 

maximum and winter minimum temperatures range between 39o - 46o C and 02o - 07o C, 

while from north to south the monthly rainfall varies from 32 mm to 46 mm. Winters are 

characterized by negligible rain, while dust storms during summer are common. Major 

crops are wheat, cotton, gram, sugar - cane, millet and guar. Grazing is the predominant 

land use. 

 

(IV) Zone of Northern Irrigated Plains (a and b) 

This zone is characterized by a subtropical semi - arid continental climate. The summer 

mean daily maximum and minimum temperatures are 39.5o C and 6.2o C, while the 

annual mean rainfall ranges between 300 - 500 mm. The summer (July - September), 

rainfall from the east to southwest ranges between 108 mm to 75 mm, respectively, while 

winter variation ranges between 14 – 22 mm. Wheat, cotton, sugar-cane, oilseeds, maize, 

berseem, tobacco,  groundnut, gram, sugar-beet, melons are major crops, while citrus  

and mango are predominant fruits. Grazing land is also present.  

 

(V) The Zone of Barani (rainfed) Lands 
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This zone is characterized by semi-arid climate with extremely hot summers and cold 

winters coupled with short dry early summers. Mean daily temperature in summer and 

winter range between 38o C and 3o- 6o C, respectively, while the mean monthly summer 

and winter rainfall ranges approximately between 200 mm and 36-50 mm, respectively.   

Major crops are wheat, rice, pulses, maize, millet, oilseeds and fodder. The grazing 

available in summer is appreciable, however in winter it is poor. 

 

(VI) Wet Mountains Zone 

With mild summers and cold winters, the eastern extreme part of this zone can be 

classified as humid. The mean daily maximum summer temperature is approximately 35o 

C, while the summer and winter monthly rainfalls are around 236 mm and 116 mm, 

respectively. The western part of the zone having Subhumid Mediterranean conditions, 

with dry summers and rainfall occurring only during winter and spring seasons is located 

in the western part of this zone. Maize, rice, wheat, apples and fodder are the major 

agricultural produce. Land use mostly comprises forest or grazing. 

 

(VII) Northern Dry Mountains Zone 

High snow clad mountains characterize this zone where the mean daily minimum 

temperature ranges between 1o-7o C, while monthly rainfall for winter and spring range 

between 25-75 mm and 50-100 mm, respectively. It is much lower in summer, varying 

between 10-20 mm. Maize, wheat, rice, are the major crops, while fruit orchards are 

common. In summer the land use is mainly comprised of pastures and alpine pastures. 

 

(VIII) Western Dry Mountains Zone  

With mild summers and cold winters major part of this area is composed of semi-arid 

highlands. Rainfall and snowfall is concentrated mainly during the winter season. The 

summer mean monthly rainfall ranges between 5-15 mm showing an increase in the north 

to 45-95 mm. The summer and winter mean daily maximum and minimum temperatures 

range between 30o to 39o C and -3o C to +7.7o C. Major crops are wheat and maize, while 

fruit orchards too are popular. Grazing is the main activity; alpine pastures being popular 

in some districts. 
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(IX) The Zone of Dry Western Plateau  

Having an arid (desert) tropical climate this region is characterized by constant dry 

seasons. The mean monthly maximum temperature ranges between 38o – 44o C. In the 

north, the winter, mean daily minimum temperature ranges between 3o – 6o C, while 

along the coast it is 11.5o – 15o C. The mean monthly rainfall in summer is meager (2–4 

mm). Except for the extreme south eastern part of this zone where rainfall is 

approximately 36 mm, the summer mean monthly rainfall is very low (2–4 mm). Major 

crops are wheat, sorghum and millet, while orchard fruits and melon are popular. 

Although, carrying capacity is low, pasture is the chief land use. 

 

(X) The Sulaiman Piedmont Zone  

This zone is characterized by sub-tropical continental, arid and hot conditions. The 

summer mean daily maximum temperature is 40o C, while the winter mean daily 

minimum temperature ranges between 5.7o – 7.6o C. The winter and summer monthly 

rainfall ranges between 13 mm and 21-38 mm, respectively. Wheat, millet, sorghum and 

gram are the major crops. In spite of low carrying capacity the land use is mainly devoted 

predominantly to grazing with low carrying capacity in the pastures. 

 

8.4.2 Soils  

 

The amount of precipitation which falls on the earth is distributed as runoff, absorbed in 

the soil and/or lost to evaporation. Absorption and evapotranspiration depend upon soil 

condition. The soils have developed from water transported and wind material in most 

areas of Pakistan and consist of old alluvial deposits, loess, recent stream valley and 

mountain out-wash deposits. The soils of Sindh, central Punjab and KPK provinces 

revealed variation of soil from silty to clay loams while some are derived from 

sandstones and shales (Baig et al., 1985). Sand dunes which are of sandy texture, covered 

with alluvium, comprise 50 - 60% of the soil of the Cholistan in the Tharparkar belt, and 

the vast Thal desert (Khan, 1968). Soil Survey of Pakistan (SSP, 1968) has demarcated 

the area into the following land forms: 
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8.4.2.1 Sand ridges 

 

Spreading over the great expanse of the Thal desert are sand ridges and hollows formed 

from blown alluvium. The soils of the ridges consist of colour gradations of very deep, 

structureless fine sand and calcareous matter of various degrees. All the sand ridge soils 

having 8.3 average pH value are excessively drained (FAO, 1998a).  

 

Fine material from the ridges where allowed to accumulate, have been washed into the 

hollows and have formed moderately calcareous, very deep, weakly structured soils. The 

soils of the hollows having 8.40 average pH value are mainly well drained (FAO, 1998a). 

 

8.4.2.2 Abandoned channels 

 

The abandoned channels have soil, which are moderately calcareous and have 8.30 to 

8.80 pH values. With a large range of textures (from loamy fine sands to silty clays), they 

are deposited materials.  

 

8.4.2.3 Flood plains 

 

Sub-recent flood plains have soils, which are dark greyish brown in colour. They have 

moderate depths and weak to moderate structure, weak lime profile and are silty clay 

loams and silty clays. A high water table and reduced annual flooding have resulted in 

alkalization in the areas of the south. These soils have a pH value of more than 09, 

strongly saline and dense.  Around 80 % of Balochistan’s area can be considered as inter-

montane while the remainder 20 % is composed of flood plains and alluvial deposits, 

very favorable for cultivation.  

 

8.5 MAIN CROP WEATHER CALENDAR 
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Studies of Agriculture Meteorology were started in British India on the recommendation 

of the Royal Commission of Agriculture Development in India and Imperial Council of 

Agriculture Research of India which sanctioned a scheme for the establishment of 

Agriculture Meteorology in India. Henceforth, the Meteorological Department was 

established in 1932 and Agricultural Meteorology became its permanent activity since 

1935. The same was approved by Government of Pakistan immediately after 

independence. Advice to the former is issued in terms of Weather Bulletins, based on 

Crops Weather Calendar. (Naqvi, 1964). There are two main crop seasons, kharif and 

rabi.  

 

The cropping season in Pakistan depends on its location. Harvest season starts in southern 

part of Pakistan earlier than the northern part. The kharif season starts from April-June 

depending upon the location and terminates in October-December; October-December 

witnesses the start of rabi season which subsequently ends in April-May. Major crops 

include wheat, rice, cotton, sugarcane, gram, maize, bajra, jowar, mustard, rapeseed and 

tobacco while the minor crops include pulses, onions, potatoes, garlic, chillies, etc. 

 

8.6 MAJOR CROPS 

 

8.6.1 Wheat  

 

Wheat being the country’s single largest grain crop, it is the staple food. Its production 

has increased from 13 923 000 MT (Metric Tonnes) to 20 073 000 MT during the period 

1985-86 to 2003-04 (Figs.8.8 and 8.9).  The impact of the country’s worst drought year 

deficit on production has also been seen in 2000 - 01 to 2001- 02. These years have also 

been marked as agro-meteorological drought years. Noticeable reduction may be seen in 

area and production of wheat in these years. Deficit in water inflow of western rivers and 

precipitation resulted in deficit production in terms of area. The yield per hectare stood at 

2 262 kg per ha in the year 2001- 02 as against 2 325 kg per ha in the preceding year and 

2 388 kg per ha in the next year. In the barani areas, good monsoon rains facilitate timely 

planting of the kharif crop. Rains in December and January benefit both the rainfed as 
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well as irrigated areas. Sowing in irrigated areas was sometimes delayed due to late 

harvesting of sugarcane and delayed picking of cotton, particularly in the Punjab. The 

wheat stocks remained sufficient during the year. In order to supplement domestic 

reserves and maintain a regular supply in the open market at stable prices, the 

government should import the required quantity, in advance. Production of wheat in the 

country has increased at a rate of 417 320 MT per year. This increase should be sufficient 

not only for domestic use but also for export. Government should also develop export 

policy in such a way that it allows export only of excess production and smuggling 

should be stopped. 

Fig.8.8    Pakistan Total Annual Wheat Production (MT) – 1960-61 to 2010-11 
 
Fig.8.9    Pakistan Total Annual Wheat Yield (kg per hectare) – 1960-61 to 2010-11 
 
8.6.2 RICE 

 

Rice is not only an important food but a commercial crop as well. Being cultivated on 

approximately 10 percent of the total cropped area, every year approximately one third of 

the production is exported. From 1960 – ’61 to 2003 – ’04, area under which rice was 

planted ranged from 1 863 200 ha to 2 460 600 ha and the production ranged between 2 

918 900 tonnes to 4 847 500 tonnes (Figs.8.10 and 8.11).   The yield per hectare stood at 

1 567 kg to 1 970 kg. The production of basmati has increased in the Punjab as a result of 

increase in area by 1.8 percent and yield by 3 percent. Favourable weather conditions, 

good monsoons in the months of July and August, result in bumper crops in the Punjab. 

However, the crops get damaged in Balochistan and Sindh due to torrential rains in July 

and August. The rice production and acreage recorded a decrease during the period 2001-

’02 due to insufficient precipitation and less river inflow. The yield per hectare stood at 1 

836 kg/ha in the year 2001-’02 as against 2 021 kg/ha and 2 013 kg/ha in the preceding 

and successive years. According to the data for the period, rice production has increased 

at a rate of 105.89 metric tonnes per year and area at a rate of 24.91 hectares per annum.  

Fig.8.10    Pakistan Total Annual Rice Production (MT) – 1960-61 to 2010-11 
Fig.8.11    Pakistan Total Annual Rice Yield (kg per hectare) – 1960-61 to 2010-11 
 
8.6.3 Cotton 
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Cotton crop significantly contributes to the national income, serves domestic textile 

industry and directly and indirectly earns a substantial amount of foreign exchange. The 

crop had suffered during the period 1992–’93, 1993–’94 and its production had declined 

from its record level of 12.8 million bales in 1991–92 to 8.0 million bales in 1993–’94 

(Figs.8.12 and 8.13). A number of factors have combined to cause a set back to the crop.  

These include unfavourable weather, continuous attack of leaf curl virus and the use of 

banned cotton seed varieties, susceptible to virus. This problem had seriously engaged the 

attention of the government and its efforts made in this direction have enabled the crop to 

record improvement in its production to 8.7 million bales during 1994-’95. The area and 

yield per hectare during 1993-’94 stood at 2 804 600 hectares and 488 kg per hectare, 

respectively. During the drought period, 2001-’02 no significant changes were observed 

in production, area or yield. According to the data, production of cotton is increasing at a 

rate of 22 654 million tonnes per annum. 

Fig.8.12    Pakistan Total Annual Cotton Production (MT) – 1960-61 to 2010-11 
Fig.8.13    Pakistan Total Annual Cotton Yield (kg per hectare) – 1960-61 to 2010-11 
 
8.6.4 Sugarcane 

 

Sugarcane being an important industrial crop for the production of sugar and gur covers 

around 5 % of the country’s total cropped area. In 1994-’95, the total acreage of 

sugarcane cultivation was 1 009 000 hectares and production was 47 168 400 tonnes, 

which was the highest ever production achieved (Figs.8.14 and 8.15). Improved 

production in Punjab has been possible due to good weather conditions and attractive 

support price. The crop in Sindh was damaged due to heavy rains and breaches in the 

canals and production suffered as compared to the year 1993-’94. Due to damage to the 

crop in Sindh, the yield has been reduced by 1.9% although the area under cultivation has 

increased by 5 %. The cultivation of sugarcane on a total area of 960 800 hectares in 

2000-01 yielded a production of 43 606 300 tonnes, which was the lowest compared to 

the preceding and following years. According to the data, production of sugarcane has 

increased at a rate of 1 288 400 million tonnes per annum. 
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Fig.8.14    Pakistan Total Annual Sugarcane Production (MT) – 1960-61 to 2010-11 
Fig.8.15    Pakistan Total Annual Sugarcane Yield (kg per hectare) – 1960–61 to 

2010–11 
 
8.6.5 Other major Crops 

 

According to provincial estimates, there has been improvement of varying magnitudes in 

the area under other major crops like maize, gram, bajra, jowar, barley, etc. Maximum 

increase of 57.97 % has been witnessed in the production of bajra, followed by 39.17, 

10.38, 8.66, 5.08, 2.74% for gram, jowar, maize, rapeseed, mustard, barley and tobacco, 

respectively (Fig.8.16). 

 

Fig.8.16 Provinces of Pakistan Total Annual Cereals Production (MT) – 1960–61 
to 2010–11 

 

The area under cultivation was reported at 174 800, 10 500, and 2 600 hectares, 

respectively for sunflower, soyabean area for 1994-95 with a production of 97 200 

tonnes; 13 700 tonnes and 2 500 tonnes, respectively for the crops. In 1994-95 the rains 

played havoc with the chilly crops and production was estimated at 90 000 tonnes. In 

1994-95 gram was sown on a total area of 1 063 500 hectares, i.e. an increase of 1.8% 

over the previous year and production was provisionally estimated at 570 000 tonnes. The 

production of moong was estimated at 73 000 tonnes; mash 33 000 tonnes; and lintel 

production was provisionally estimated at 29 200 tonnes. The area under potato 

cultivation was 85 400 hectares and production was estimated at 1 140 200 tonnes. The 

area under onion cultivation in 1994-’95 was estimated at 73 700 hectares while 

production was 911 500 tonnes. Production of all cereals (wheat, rice, maize, bajra 

(millet), jowar (sorghum) and barley in Pakistan has been depicted in Fig.8.17. Rising 

trend has been found while the impact of drought i.e., reduced production, can also be 

seen during the drought episodes. 

Fig.8.17         Pakistan Total Annual Production All Cereals (MT) – 1960–61 to 2010–11 
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The synchronization rhythm has been found between crop production figures and Indus 

stream inflow. Whenever, atmospheric drought occurs, its impact on agriculture has been 

observed and pronounced as agricultural drought. 

 

8.7 CONCLUSION 

 

The Stream Flow analysis reveals that total inflow of western rivers i.e. Indus and 

Tarbela, Jhelum at Mangla and Chenab at Marala have rising tendency of 0.03 million 

acre-feet. The combined inflow of Indus and Kabul has been considered at Tarbela in this 

study. It has been found that there is a reduced trend of inflow, while inflows of other two 

rivers show increasing trends.  The data also revealed that low stream flow and reduced 

crop productions occurred in the years of low precipitation in Pakistan while the 

production and area of crops have kept on continuously increasing. The time series of 

annual crop production and area have revealed that the Indus stream inflow is directly 

proportional to crop production as well as area figures. The impact of hydrological 

drought has been found on both agricultural production and area figures. This leads to the 

conclusion that reduced food production is due to reduced precipitation or during drought 

spells. 
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Chapter – IX 
DROUGHT AND DESERTIFICATION 

 
 
 
9.1 PREAMBLE 

 

Aridity is the keynote of sub-tropics, with reference to climatic factors of desertification. 

The purpose of this chapter is to discuss climate in relation to drylands of the subtropical 

belt and interrelationship between drought and desertification, fundamental processes of 

desertification involved with interactions and agro-meteorological impact of drought. 

Desertification on the one hand is the process which encroaches on wetter lands around 

the desert, while on the other hand, more so on the equatorial side. The relation between 

desertification and drought is a result of human land utilization along these wetter 

margins. 

 

Droughts are generally a climatic feature of areas affected by desertification where its 

occurrence is quite frequent. The relations between human influences on the one hand 

and droughts and desertification on the other hand are complex.  The longterm drought 

covering wide areas and occasional drought due to inter-annual or seasonal variations in 

rainfall are both instigated and provoked by human influence on the environment. The 

change in the Albedo effect, the green house effect, the reduction in vegetation cover, 

changes in the local climate, etc. are few examples of human influence on environment. 

Human influence can also aggravate the negative consequences on human beings 

themselves and hasten desertification as well. Due to desertification, degradation of land 

reduces the chances of the local people to cope with difficult periods, thereby having 

serious compounding effects of drought.  

 

According to the National Action Programme on Combat Desertification in Pakistan 

(GoP, 2000), critical problem of desertification exists in various parts of the country. 

Major source of water for Mangla and Tarbela dams are the northern mountains of 

Pakistan. These reserviors are silting up, due to heavy soil erosion, caused by 

deforestation in the catchments, thus reducing availability of irrigation water and the 
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capacity of power generation. Desertification caused primarily due to climatic factors is 

exacerbated through livestock grazing, improper land use, excessive crop cultivation and 

illegal removal of vegetation cover. Deserts experience acute problems of shifting salinity 

and water logging. Floods may also cause substantial damages to property and crops due 

to mismanagement, e.g. in Sulaiman Rod Kohi areas (an area administratively in Dera 

Ismail Khan District). Due to over exploitation of the meager quantity of water for crop 

cultivation and horticulture and very little recharge, underground water resources are 

shrinking in the western dry mountains of Balochistan. Heavy livestock pressure hampers 

the productivity of rangelands. The mangrove areas and arid coastal strips are under 

increased environmental stress from industrial and sewage pollution, reduced fresh water 

flows and over exploitation of other natural resources (IRIN, 2006). 

 
Fig.9.1      Global distribution of Drylands based on Aridity Index (UNEP, 1997) 
 

Dryland environments comprise about 6.10 billion ha, or about 47% of all global land 

area. Approximately, 84% of this area falls within the dry sub-humid, semiarid and arid 

climates inherently susceptible to desertification (UNEP, 1997) (Fig.9.1). Estimates vary 

widely, but about 10-20% of the susceptible drylands is believed to have already 

undergone land degradation (Millenium Ecosystem Assessment, 2005). In more than a 

hundred countries the livelihoods of approximately one billion people are at risk of 

desertification and over 0.250 billion are directly affected as per estimation  by UNCCS 

Secretariat in 1996. The UNCCS notes that desertification appears to preferentially 

impact the politically weak, most marginalized and world’s poorest citizens (UNCCD, 

2006). Annually across the globe, it is estimated that desertification results in the direct 

loss of US$42 billion in foregone income from agriculture (Dregne, et al., 1992). This 

figure does not include the likely higher costs associated with indirect economic and 

social impacts (e.g., out-migration to other areas, health impacts, political instability, 

human suffering). Problems caused by desertification are not new and are believed to be 

at the root of the collapse of a number of ancient societies, including those in the 

southwest Asian Fertile Crescent, upland steppe plateaus of northern China and Tehuacán 

Valley of Mexico. The consequences of desertification may expand in the future at a 
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projected 2.00o to 4.50o C rise in global average temperature and increase in land area 

affected by droughts are expected by the year 2100 (IPCC, 2007).   

Table 9.1 
Dryland Categories According to the Aridity Index Classification Scheme 

P/PET Rainfall (kg m-2) Classification Increasing aridity 
 < 0.05 <200 Hyper-arid 

0.05 – < 0.20 <200 (winter) 
<400 (summer) 

Arid 

0.20 - < 0.50 200-500 (winter) 
400 – 600 (summer) 

Semi-arid 

0.50 - < 0.65 500-700 (winter) 
600 – 800 (summer) 

Dry sub-humid 

Winter – defined as the period December to February  
Summer – defined as the period June to August /September 

(Source: UNEP, 1992; 1997) 
 
Drylands prevail where water deficit occurs to some extent throughout a hydrological 

year, and may be classified on the basis of aridity. The aridity index is assessed on the 

basis of climate variables using the ratio of mean annual precipitation (P) to potential 

evapotranspiration (PET). According to the World Atlas of Desertification (UNEP, 1992; 

1997) drylands have a ratio of P/PET of less than 0.65 and precipitation of less than 600 

mm per year. The aridity index uses the P/PET to classify drylands into hyper-arid, dry 

sub-humid, semi-arid and arid areas (Table.9.1). In the context of agro-meteorology, the 

FAO also assesses aridity based on how many days the water balance allows plant growth 

(the growing season). A negative balance between precipitation and evapotranspiration 

usually results in a short growing season for crops (less than 120 days). Alternatively, 

delimitation of climate zones can also be carried out adopting Köppen’s classification 

scheme or the ecological dryness index, which relates productivity of ecosystems to 

actual and potential evaporation (i.e. AET/PET) (FAO, 2004a).  

 
Desertification is among the most complex of environmentally and socio-economically 

threatening events in which climate may have a role. In a general sense, the term 

‘desertification’ refers to land degradation in the earth’s dry zones. In the process of land 

degradation, dryland areas become much less biologically productive. Desertification 

may be caused by multiple interacting factors of climatic, socio-economic and ecological 

origin which may play out in a myriad of ways in different locales. As such, it has been 
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difficult to precisely define the term, and over a hundred formal definitions exist (Geist, 

2005). The most commonly accepted definition today is that given by  the  United  

Nations  Convention to Combat Desertification (UNCCD), “various factors,  including  

climatic  variations  and  human  activities  causing land  degradation  in  dry  sub-humid, 

semi-arid  and  arid areas” (UNEP, 1994). However, land degradation can occur in any 

climate and some authorities call for a modified definition that encompasses all climates 

or better accounts for the role of plant/soil relationships in measures of aridity (e.g., 

Riabchikov, 1976; INSMET, 1999; Rivero et al., 1999).  

 

Desertification, as defined in the International Convention on Desertification and in 

Chapter 12 of "Agenda 21" (UNCED, 1992), is that degradation of the land in sub-humid 

dry, semi-arid and arid areas is caused by human activities and climatic change. Land 

degradation means loss or reduction, in dry sub-humid, semi-arid and arid areas, of the 

economic or biological productivity and complexity of irrigated cropland or range, rain 

fed cropland, forest and woodlands, pasture resulting from a process or combination of 

processes, or land uses or including processes arising from habitation patterns and human 

activities such as: 

o deterioration of the chemical, physical and economic or biological properties of 

soil 

o wind and/or wind based soil erosion 

o natural vegetation loss in the long-term 

(Source: UNCCD, 1996) 

 

Desertification is accompanied by exhaustion in ground as well as surface water 

resources and deterioration in the natural potential of the land, but in particular it has 

negative ramification on the economic development and the living conditions of the 

people affected by desertification. It not only can take place on land prone to 

desertification processes but also occurs in natural deserts.  

 

Desertification can be considered and studied at different spatial scales, varying from 

arable fields (micro scale) to the scale of entire nations (macro scale). When studying 
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desertification at those different spatial scales, several processes may act as the causative 

factors. In addition, indicators of desertification may depend on the scale that is 

considered. Table 9.2 summarizes major causes and indicators of desertification at three 

different spatial scales. 

 
Table 9.2 

Desertification – Causes and Indicators at Different Spatial Scales 
Spatial scale Desertification 

Natural causes Human causes Indicators 
Macro scale  
(2000-10000 
km)  

Global climate 
change  
Increasing drought  
Shift of vegetation 
zones 

Large-scale 
migration  
Population increase 

Land use changes  
Reduced vegetation 
cover  

Meso scale  
(2-2000 km)  

Local climate change 
Disturbed rainfall 
patterns  
Increasing 
temperatures  

Population increase 
Forced migration   
Settlement of 
herders  
Deforestation  
Urbanization 

Reduction in forest 
cover  
Decrease in grasslands 
Increase in cropland  
Declining yield 
statistics  
Sediment load in rivers 
Dust storm frequency  

Micro scale  
(< 2 km)  

Erratic rainfall 
pattern  
Increased 
temperatures  
More extreme events 
Disturbed water 
balances  
Increased erosion 

Poor land 
management  
Bad irrigation 
practices  
Soil nutrient 
depletion  
Tree removal  
Overgrazing  

Poor vegetation cover  
Low crop yields  
Water erosion features 
Wind erosion features  
Crusted soils  
Bare soils 

(Source: UNEP, 1992; 1997) 
In Niger, sample plots of soil carbon releasing 180 ± 80 kg ha-1 yr-1 (Buerkert et al., 

1996), in 1993 in just four windstorms lost 46 t ha-1 (Sterk et al., 1996). Moreover, 

augmented wind erosion increases wind-blown mineral dust, which may increase 

absorption of radiation in the atmosphere (Nicholson, et al., 1997). 

 

Although, the effect of desertification on global mean temperature in the past century is 

unlikely to have exceeded 0.05°C (Hulme, et al., 1997), altered surface albedo may 

increase local surface air temperatures (Williams, et al., 1996). 
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9.2 DESERTIFICATION CONTROL 

 

Pakistan Council of Research in Water Resource (PCRWR) executed a Project in 

Cholistan. The objective was to conduct site-specific research in water, plant and land 

resources of deserts for control of desertification.The purpose was to make them 

sustainable and productive by developing a suitable environment of ponds from harvested 

rainwater for both livestock and human drinking purpose; conjunctive use of saline and 

rainwater, mustard cultivation under saline water irrigation, grassland development, 

horticulture and arid land under conjunctive irrigation, cultivation and desertification 

assessment, range land development and mapping of Cholistan desert. Main browsable 

species and grasses successfully grown included Panicum antidotale, Lasiusus sindicus, 

Cenchrus ciliaris, Wild millet, Ampliceps (Acacia australina), Acacia nilotica, Atriplex 

species and Parkinsonia. 

 

To check land degradation in rainfed areas, Agency for Barani Areas Development 

(ABAD) has been implementing integrated programme.  ABAD has successfully restored 

agricultural land productivity, vegetation cover and bio-diversity in these areas. This is 

evident from the extent of activities such as leveling and terracing (22.444 ha), gully 

plugging (18.786 ha), land reclamation (6.11 ha), fruit trees plantation (264 100 plants), 

water disposal outlets (87 86 ha), public forestry (5 027 ha) and social forestry (27.473 

ha).  ABAD has also initiated schemes to harness maximum benefit from the available 

water resources and to check the loss of water resource in Pothwar uplands and also 

number of activities for construction of minidams, small dams and dry wells. These 

activities also increased the vegetation cover and reduced soil erosion which helps in 

rejuvenating the economic activities, thus helping improve the environment (ADB, 

2004). National ecosystems provide services for the foundation of agriculture, rural 

economy, forestry, livestock, non-renewable energy and water supply. About two third 

population (152.53 million) depend for their livelihood on dry land areas, largely through 

agro-pastoral activities. The growth rate of population is about 02%. In the next 32 years, 

the population of the country will almost double at this rate (02%). It is estimated that 
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55% of rural population live on flood, drought and desertification prone fragile lands 

(GoP, 2006). 

 

Environmental degradation continues at a rapid rate, increasing vulnerability and 

affecting livelihoods of the poor to natural calamities like flash floods and droughts, 

despite achievements of Pakistan in the last decade of the twentieth century with regards 

to establishment of environmental institutions, legal frameworks and adaptation of 

national environment policy, and increasing awareness on environment issues. The 

annual cost of environmental degradation in all areas of Pakistan in 1995 was estimated 

to be 07 billion US$ per year (World Bank, 1997). The current cost of degradation is 

much higher.  

 

In dry lands, household and productivity incomes are low. One third population of 

Pakistan still lives in poverty. Indeed, poverty in Pakistan has increased in the past eleven 

years from 26.11% (1990) to 32.10% (2201). Poverty in rural areas was much higher (i.e. 

28.92%) than in urban areas (22.72%) in 2001 (Medium Term Development Framework, 

2005–10). The impact on productive capacity of ecosystems is due to a number of 

factors, e.g. desertification and land degradation which have played a vital role in their 

relatively poor performance. Existing poverty and population growth lead to over-

exploitation of resources, removal of vegetation, cutting of trees, over-use of water, over-

grazing, etc., leading in turn to reduced food insecurity, productivity of land and further 

poverty.  Soil erosion and desertification is in an alarming state in Pakistan. Watersheds 

of the Indus and its tributaries suffer from moisture regimes and unfavouable soil 

conditions. The areas affected by soil problems in different provinces of the country are 

given in Table 9.3. 

 

Table 9.3 
Province-wise Area affected by Soil Erosion (’000 ha) 

Degree of Erosion GB & 
AJK 

Balochistan KPK 
&FATA 

Punjab Sindh 

Slight  
(sheet and rill erosion) 

110.5 - 156.3 61.2 - 
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Moderate 
sheet and rill erosion) 

25.8 1805 853.8 896.8 - 

Severe 
(rill, gully, steam 
bank) 

405.2 2724.4 1765.1 588.1 58.9

Very severe 
(rill, gully, pipe and 
pinnacle erosion) 

1571.6 - 1517 357.9 - 

Total: 2282.1 2634.6 4292.2 1904 58.9
 Source: (Shah, et al., 2006) 
 

 

9.3 INLAND DEGRADATION AND CLIMATIC FACTORS 

 

The impact of climate on dryland vegetation and biomass is profound. Temperature and 

precipitation not only determine the distribution of vegetation on the land but also the 

factors of genesis and evolution of soil. Vegetation, which is highly influenced by 

precipitation, deteriorating with its decrease, controls the occurrence of grazing both 

spatially and temporally, hence nomadic lifestyle. Due to high diurnal and seasonal 

variations of temperature and rainfall, hence low soil moisture, dryland plants and 

animals have to make a variety of adjustments ranging from physiological, anatomical 

and behavioural adaptations.  

 

High temperature coupled with low precipitation in drylands leads to rapid oxidation and 

low productivity of organic matter, which is responsible for poor aggregation, exposing 

the soil to high risk of wind and water erosion. Excluding deserts, which occupy almost 

46 per cent of the total landmass, about 25 and 22 % respectively of the land is prone to 

water and wind erosion. 

 

The climatic factors responsible for desertification have been extracted from UNDP 

Project (2008–2011) and presented in Fig.9.2. 

 
 
 
 

Climatic Factors 
(DRIVING FORCE)

Green House Effect 
(ROOT CAUSE) 

Global Warming 
(ROOT CAUSE) 
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Fig.9.2  Problem Tree of Desertification in Pakistan – Repercussion of Climatic 

Factors Based on UNDP Project, 2008–2011 (UNDP/GoP, 2008) 
 

9.3.1 Rainfall  

 

In the determination of land degradation and potential desertification, rainfall is the most 

significant climatic factor. It not only plays a vital role in the development and 

distribution of plant life but its variability and extremes result in land degradation and soil 

erosion (Fig.9.3), which if left unchecked culminates in desertification. Land becomes 

exceedingly vulnerable to degradation due to human intervention in land management 

and unusual occurrence. 

  

 
Fig.9.3         Global Distribution of Natural Disaster (1993-2002) (Source: WMO, 2005) 
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Fig.9.4          Schematic Diagram of Rainfall-Induced Process Involved in land 
Degradation (Source: WMO, 2005) 

 

When there are prospects of climatic changes, vulnerabilities become severe. World’s 

climate vegetation types are determined by temperature and rainfall. As water is one of 

the prime inputs of photosynthesis, the correlation between rainfall and biomass is 

significant. In the classification of arid and semi-arid areas, climatologists employ an 

‘aridity index’ (i.e. ratio between precipitation and potential evapotranspiration). 

Drylands and deserts experience prolonged water deficit as annual rain falls short of 

annual water loss i.e. evaporation. In areas where annual water deficits are not very 

pronounced, some plant life in the form of grasslands can exist. Extreme susceptibility to 

desertification and land degradation is found in those dry lands located on the margins of 

the earth’s deserts e.g. the Pampas, Steppes, Savannas and Prairies. Although, there may 

be normal climate variability, periods of prolonged drought can occur e.g. between 1993–

2002, when evidences of land degradation were witnessed similar to that in the Dust 

Bowl during the 1930s. The prolonged two decade drought during the 1970s and ’80s in 

the Sahel, created concern regarding desertification. 

 
Figs.9.5.1 and 9.5.2 (1) Water (2) Wind Erosion Severity (Source: FAO, 1994) 
 

 

9.3.2 Water erosion 

 

In the Indus basin, the soils are undeveloped and recent and surrounded by some of the 

world’s largest slopes and steepest mountains.  During summers, melting of snow and 

intense rainfalls in lofty mountains play a vital role in soil erosion hazard. Other major 

factors related to water and soil erosion are vegetation cover, land use practices, soil 

structures and type. In the steep slopes of the northern mountainous areas, erosion is 

greater in areas with arable crops, while water erosion is low in areas with permanently 

closed canopy forests. Water erosion has affected about 11 000 000 hectares. 

Sedimentation of canal irrigation system weakens land and water use efficiency. Each 

year, some 40 000 000 tonnes of soil is deposited in the Indus basin. It reduces efficiency 
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of major reservoirs and reduces their life span. The upstream riverside top soil is washed 

away and infrastructure is destroyed leading to moribund productivity of the area. 

Downstream, the sediment reduces the efficiency of irrigation systems and hydropower 

generation.  Fig.9.5.1 exhibits water erosion severity (FAO, 1994)  

 

9.3.3 Wind erosion 

 

Land degradation caused due to wind erosion is quite common. In the sandy deserts of 

Tharparkar, Cholistan and Thal as well as in the sandy areas along the Makran Coast land 

degradation caused due to wind erosion is quite common. It is most prominent in areas 

surrounding settlements and in the watering point constantly trampled livestock herds. 

Deforestation for fuel wood and livestock grazing are the major causes of erosion.  The 

global impact of wind erosion is prevalent in areas where sand dunes have been leveled 

for cropping. Areas where global impact of wind erosion is most prominent, due to sand-

moving dunes having elevations of 0.5 m to 04 m, thus posing a threat to both, cultivated 

land as well as infrastructure, irrigation can prove to be a saviour. Approximately, 3.5 

000 000 hectares are affected by wind erosion, while the total amount of soil removed 

through wind is 28% of total soil. High velocity wind storms are responsible for greatest 

damages to roads, railway tracks, croplands and rural settlements. Fig.9.5.2 depicts wind 

erosion severity estimated by FAO. 

 

9.3.4 Rainfall seasonality 
 

Rainfall seasonality incorporates a number of independent components and is a complex 

concept (Walsh, et al., 1981). It has been described by Nieuwolt (1977), Jackson (1977) 

and Ramage (1971) in qualitative terms. In the past, quantified rainfall regimes were 

formulated by Nieuwolt (1974), Markham (1970) and Ayoade (1970) and modified index 

for relative rainfall seasonality was proposed by Walsh, et al., (1981). Barry, et al., 

(1973) estimated Seasonality Indices using Harmonic Analysis and defined regions with 

similar precipitation patterns. On the monthly values of rainfall amounts, Lau & Sheu 

(1988) applied Harmonic Analysis. Hulme (1992) contemplated and referred the 
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standardized amplitude of the first harmonic to the annual cycle of rainfall, for the 

definition of relative rainfall seasonality in Africa. Tarawneh, et al. (2003) in Jordon and 

Kadioglu, et al. (1999) in Turkey define climatological regions by using harmonic 

analysis in precipitation climatology. More recently, Kanellopoulou (2002) calculated the 

Seasonality Index (SI) from mean monthly rainfall data and suggested that the Greek area 

can be divided into four (4) sub-regions. 

 

Irregular distribution of rainfall during a normal year i.e. when most of the rainfall occurs 

in specific months (that can be identified with specific seasons) is defined as Rainfall 

Seasonality. This phenomenon is quite usual in many parts of the world e.g., 

Mediterranean areas, where most of the rainfall occurs in the spring and autumn. Pakistan 

receives rainfall in winter due to western disturbances and in summer due to monsoon 

activities. Normally, such seasonality appears with irregular distribution in the amount of 

rainfall during each episode. Precipitation data of Pakistan reveals that at many stations 

most of the precipitation is received in a few violent storms. 

 

The vegetation composition and distribution as well as the sensitivity of soil to erosion 

processes can be explained with the help of annual distribution of precipitation. 

Vegetation distribution and composition depends on climatic conditions such as 

temperature and potential evapotranspiration, nutrients in the soil (soil composition) and 

the amount of water available.  The measure of the rainfall seasonality is important to 

determine the hydric stress (occurs in the more dry and warm months), soil erosion 

especially with torrential rainfall, runoff generation and to set the soil capacity to 

maintain water storage to be used by plants. It can determine the presence or absence of 

vegetation.  Intense rainfall and rainfall concentration over a short period of time are 

useful measurements to determine erosion processes in dry lands (DISME, 2005). The 

process of erosion is enhanced in the absence of vegetation cover.  During the summer, 

irregular rainfall distribution makes hydric stress greater. 

 

9.4 Data and Methodology 
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Dust storm (days), precipitation (mm), temperature (oC) and wind speed (knot) data of 51 

meteorological stations of Pakistan for the period 1961-2010 have been used. In the light 

of Table 9.1 Dryland area of Pakistan has been demarcated with the help of spatial 

distribution of precipitation. Mean annual dust storm (days) data has also been analyzed. 

The Rainfall and Runoff Erosivity and Fournier Wind Erosion factors have been 

computed.  

 

Rainfall and Runoff Erosivity factors are defined by considering the results of 

precipitation measurements. The Fournier Index defined by Afriye (1996) as a Climatic 

Index is as follows:  

P
P

Cp

2
max=  

where:  

Cp is the Fournier Index (mm) 

Pmax the rainfall occurrence in the moistest month and 

P being the annual precipitation (mm) 

 

On the basis of Rainfall Erosivity Index Table 9.4 shows the various rainfall erosion risk 

classes. Cp values above 60 show erosion risk ranging from severe to extremely severe 

(Afriye, 1996). 

 

Table 9.4  
Classes of Rainfall Erosion Risk (mm), Indexes and Soil Losses 

 
Class 
No.  

Erosion Risk Class  Fournier Index Cp  Soil Loss (T/ha year)  

1  Very Low  <20  <5  
2  Low  21-40  5-12  
3  Moderate  41-60  12-50  
4  Severe  61-80  50-100  
5  Very Severe  81-100  100-200  
6  Extremely Severe  >100  >200  
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Wind velocity is not the only climatic parameter which determines wind erosion but 

precipitation and temperature as well, which also has an impact on evapotranspiration. 

Chepil, et al., (1962), the pioneer wind erosion scientist developed a formula for 

calculation of climatic factor for the wind erosion to enable formulation of Wind Erosion 

Equation (WEE) (Woodruff, et al., 1965). For improving estimation accuracy for 

calculation of Wind Erosion Climatic Factor, Skidmore (1986) later introduced 

Probability Function of Wind Speed concept and presented another formula. Due to 

limitations of meteorological data availability, Dong, et al. (1994), employed the FAO 

(1984) formula which produced results very close to that of Skidmore’s method. The 

FAO method may be expressed as: 
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The Cw is the factor of annual climate, the mean monthly wind velocity in knots is 

denoted by ‘v’, PETi is the potential evapotranspiration of the ith month in mm, the 

precipitation of the ith month in mm is denoted by Pi and the total number of days in the 

ith month is denoted by d. Under such circumstances, when precipitation approaches zero, 

climatic factor is denoted by wind speed. Conversely, climatic factor approaches zero 

when precipitation nears PET. In the FAO version soil moisture influence is less than the 

squared influence of soil water as demonstrated by Chepil (1956).  
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Surface winds may act as a surface erosive force or modifier of the terms of the energy 

balance. With vegetation removal, changes to the surface roughness may result in 

enhanced wind speeds or mechanical turbulence, each of which could act to increase 

transport of sensible and latent heat into the overlying atmosphere. Additionally, 

advection (horizontal transport) of hot air over irrigated fields in drylands may create an 

oasis effect in which downward transport of energy can result in a considerable 

evaporation of irrigation water from fields. Lastly, wind can act as an erosive force, 

carrying soil and dust into the overlying atmosphere. Wind-generated dust storms can 
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significantly block incoming solar radiation to the surface, resulting in a significant drop-

off of net radiation available for heating and evapotranspiration. The lighter soil fractions 

(e.g., clay, silt) are preferentially eroded, leaving behind a course-textured soil (i.e., high 

in sands and pebbles) which has a smaller soil-moisture holding capacity. 

 

In order to simulate the process of soil erosion through wind, wind speeds along with its 

characteristics are considered (Skidmore, 1986; 1995; 2000a; 2000b).  Prediction of wind 

speed and direction is extremely difficult. Raindrops, water and soil type play an 

important role on soil erosion, flood, landslides, etc. The reason of soil erosion is mainly 

raindrop impact on soil surface as well as its flow between rills and in channels down 

slope. It also causes landslides on steepe slopes. The erosivity effect of raindrops depends 

on the energy of a rainstorm, Sentis (1998), Flanagen, et al. (1995) and Gabriels (1993). 

For various stations in Ghana, monthly computation of Rainfall Erosivity Indices was 

based on monthly rainfall data (Afriye, 1996). Temporal and spatial rainfall erosivity 

variation, along with  climatic factor of wind erosion were investigated in Turkey, Aslan, 

(1997), Tulunay, et al., (2002), Aslan et al., (2002). In the north eastern area of the Black 

Sea, the southern Aegean and Mediterranean Sea regions the observed values of Fournier 

Index were higher.  

 

The Seasonality Index (SI) which affects the soil and vegetation characteristics in an area 

has been calculated as proposed by Walsh and Lawler (1981) to determine the months 

with most Rainfall Seasonality. Markham technique has been used in the process of 

averaging smoothe "noise" in the monthly precipitation data. The equations are:   

        

 

 

Where Pi is the total annual precipitation for the particular year under study and Rin is the 

actual monthly precipitation for month n.  

 

The seasonal rainfall/total rainfall (%) index takes values from 0 to 100%. 
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The Index helps to evaluate the importance of the occurrence of rainfall which is one of 

the climatic conditions that affect desertification.  

 

Rainfall seasonality affects vegetation growth and composition as well as soil erosion. 

Very high inter-annual rainfall variability causes periods of sudden and high-intensity 

rainfall and long drought. In addition, reduced vegetation growth is followed by a net 

decrease of greenhouse gases assimilation by the plants and thus it may contribute to 

potential climate change at the local and regional scale and to desertification in a broad 

sense. However, at the same time the existing vegetation under arid and semi-arid 

climatic conditions exhibits a great capacity of adaptation and resistance to dry conditions 

and many species can survive many months through prolonged droughts with soil 

moisture content below the theoretical wilting point protecting extensive areas from 

desertification. 

 

The statistical theoretic "normal" value for each season is 25%. The monthly rainfall/total 

rainfall (%) index has an equal distribution, approximately 08% per month. Greater 

difference from this value implies higher rainfall seasonality. The precipitation regime 

then has been categorized using the classes of SI delineated in the following Table 9.5. 

 

Table 9.5 

Benchmarks Indication of the Rainfall Seasonality Index 

S.No. Precipitation Regime SI 

1 Very equable – throughout the year  <0.20 

2 Equable but with a definite wetter season  0.20-0.39  

3 Rather seasonal with a short drier season  0.40-0.59  

4 Seasonal  0.60-0.79  

5 Marked seasonal with a long drier season  0.80-0.99  

6 Most precipitation in 3 months or less 1.00-1.19  

Source:  (Walsh, et al., 1981) 
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Fig.9.6  Spatial Trend of Mean Annual Atmospheric Relative Humidity (%) 
 
9.5 Results and Discussion 

 

Desertification is both a consequence as well as a cause of climatic changes. The 

temperature and humidity of the top soil is influenced by the destruction of natural grass 

and woody vegetation cover, which in turn influences rainfall and atmospheric mass 

movements. Air erosion is further enhanced by soil cover destruction and soil 

desiccation. Fig.9.6 shows the spatial trend of relative humidity (%).  The decreasing 

tendency has been identified by light-blue color and increasing tendency of atmospheric 

relative humidity by dark blue color. The negative trend has been remarked over more 

than three quarter area of Balochistan extending towards Rohri and Jacobabad. It is 

interesting to point out that almost the entire coastal belt of Balochistan which spreads 

from Jiwani to Lasbela, except Ormara and some part of Jiwani, has positive trend of 

atmospheric relative humidity. Similarly, the entire coastal belt of Sindh from Karachi, 

the foothills of the Kirthar range to Indus delta upto Keti Bandar, Jati and Thatta has 

positive trend.  A small area sandwiched near Cherat also has negative trend. Other two 

areas, in the west of Dir, Chitral and Drosh; and east of Gupis, Giligit and Skardu till 

China border have similar negative trends. The rest of Pakistan, i.e., about 50 to 55% of 

the area has a rising tendency. It has also been noted that all along the path of the Indus 

river flow, a positive atmospheric relative humidity trend has been noted. 

 

Although, arid zones are not restricted to any particular regions, most arid land areas of 

the world where agriculture is of relevance, occur between latitudes 20° and 35° north 

and south. The main semi - arid areas occupying each side of the arid zone include both 

Mediterranean (systems moving west to east) and Monsoonal types of climate in sub-

tropical belt when systems move east to west. Hyper-arid and arid zones extend mostly 

across the Sahara, Arabian and Gobi deserts. Another type of dryland is the cold desert, 

which generally occurs in high-latitude or high-altitude continental areas and has not 

been considered in this thesis. Overall, Africa and Asia have the largest extension of arid 

zones, accounting for almost four-fifths of hyper-arid and arid zones in the world 

(Fig.9.1). By definition, desertification only applies to dryland regions, despite 



289 
 

degradation of land in other climates occurring through similar processes. Hyper-arid 

regions are generally not considered in discussions of desertification as there is, 

generally, no crop growth unless under intensive irrigation. 

 

Fig.9.7   Spatial Distribution of Mean Annual Dust Storm (days) – 1961-2010 

 

PMD records the frequency of weather phenomena for synoptic message dissemination. 

The weather group 7wwW1W2 is being reported in section-1 of SYNOP messages. The 

intensity of dust storm is not required to be reported in SYNOP messages.  This weather 

group provides data for generating frequency table of selected weather phenomenon viz. 

thunderstorm, fog with sky seen, fog with sky not seen, etc. The frequency of dust storm 

indicates the activity of severe weather system(s) in the country. Spatial distribution of 

dust storm (days) has been shown in Fig.9.7. In the northwest, high frequency of 

duststorm indicates approach of western disturbance(s) while in the eastern part of the 

country it indicates a monsoonal system. A very low frequency in the extreme north 

indicates an isolated arid region, separated by the northern slopes of the Himalayas (on 

the leeward side). Monsoon activity is more pronounced in Punjab, and western 

disturbances in the northwestern hill ranges. Some activity of western disturbance may be 

seen in the western part in association with the western mountainous regions of the 

country.  

Fig.9.8    Spatial Distribution of Mean Seasonal Winter Precipitation (mm) – Aridity 

Index 

Fig.9.9    Spatial Distribution of Mean Seasonal Summer Precipitation mm  
– Aridity Index 

 

The spatial distribution of precipitation in the light of Aridity Index (Table.9.1) has been 

shown in Fig.9.8 (winter) and Fig.9.9 (summer). These figures indicate that 

predominantly Pakistan is a dry country with 80% of the land being arid and semi-arid, 

hence vulnerable to desertification (according to IUCN definition), approximately, 12 % 

of the area is dry sub-humid, while the remainder 08 %being humid. An elongated strip 

of barani belt distinctly extends from Parachinar, Peshawar and Hazara region on to 
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Sialkot. Out of the country’s 79.60 million ha, approximately 20 million only are 

agriculturally suitable, out of which (16 and 04 million, respectively for irrigated and rain 

fed, or barani, agriculture). Approximately 4.20 million ha is under forest, while a 

considerably large chunk (28 million ha) is under rangeland. The repercussion of climatic 

factors on desertification is cited in Fig.9.1. (Source: UNEP, 1997). 

 
The Rainfall Erosion Risk Index having a value less than 20 has been categorized as very 

low erosion risk class; while that between 20 to 40; 40 to 60 and 60 to 80 as low, 

moderate and severe erosion risk classes respectively. Impact of energy of rainstorm 

along with Fournier Index and Risk Classes have been cited in Table 9.4. 

Fig.9.10    Spatial Distribution of Water/Rainfall Erosion Risk Index (mm) by Founier 

Fig.9.11    Spatial Distribution of Wind Erosivity Analysis 

 
Fig.9.10 shows that more than 60 % of Pakistan has very low risk of precipitation 

erosion.  The north and northeast area of KPK province; the northern and extreme eastern 

Punjab, and western part of GB are under severe erosion risk class.  Similarly, southern 

Sindh, especially, the southeastern part lies in moderate erosion risk class. Moenjodaro 

and Barkhan are in low water / precipitation erosion risk area.  

 

The Wind Erosivity Analysis has been depicted in Fig.9.11. It exhibits that most of the 

western and coastal belt of Pakistan has severe risk of wind erosion. Almost whole of 

Sindh has moderate to severe Wind Erosion Risk. The eastern border of Pakistan, 

consisting of central Punjab has moderate Wind Erosion Risk, while the rest of Pakistan 

has very low vulnerability to wind erosion.  

 

Rainfall seasonality was calculated for 51meteorological stations, corresponding to five 

provinces. Result exhibits similar classes and frequency of appearance for all five 

provinces of Pakistan. Based on data for the period 1961-2010, the most prevailing 

climatic conditions are characterized for all five provinces as marked seasonal with long 

dry season (Fig.9.12), covering 49.72, 45.45, 4.30, 46.56, 48.74  46.90% of the stations, 

corresponding to the GB/AJK, Balochistan, KPK/FATA, Punjab and Sindh, respectively.  

The following class recording climatic conditions with precipitation marked seasonally 
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have been found between 16.66 and 19.74% of the study areas of these five provinces. 

The third highest class has climatic conditions with most precipitation in three or lesser 

months have been found in the range 10.90 and 17.32%.  Areas characterized with rather 

seasonal and short drier season have been defined in the category of 9.78 to 10.48%. 

Definite wetter season areas with precipitation falling throughout the year have been 

identified between 6.40 and 6.80%. Only 2.48 to 3.06% areas have precipitation 

throughout the year. 

Fig. 9.12  Distribution of rainfall seasonality classes prevailing in the Provinces of 
Pakistan 

 

9.6 CONCLUSION 

 

A general problem to these assessment studies is the lack of good quality data and a poor 

definition of desertification indicators. Many dryland areas are, and have always been 

subject to degradation processes such as wind and water erosion. Hence, an observation 

of wind erosion in a certain area is not sufficient to conclude that the area is experiencing 

desertification. Only, when the frequency of dust storms increases and its magnitude 

becomes greater, it emerges as a clear indication of ongoing land degradation. Obviously, 

such analysis requires detailed data on frequency and size of dust storms, which is not 

available at PMD. PMD has only frequency data of dust storms. A different indicator that 

has to be used to emphasize land degradation is Crop Yield data. Decreasing yields could 

however, be caused by a lack of fertilizer use. Thus, the yield data do not necessarily 

indicate desertification. Atmospheric humidity is directly related to moisture withholding 

capacity of soil. Atmospheric humidity over the desert is low as compared to the 

cultivated land, hence may be considered as a desertification indicator. 

 

Precipitation and temperature constitute principal factors in the evolution and genesis of 

soil and determine the potential distribution of terrestrial vegetation. In certain arid lands 

extended droughts have exacerbated or initiated desertification. Within the period of 

instrumental measurements, the Sahel has experienced sustained and most substantial 

decline in rainfall in the past 25 years, recorded anywhere in the world (Hulme et al., 

1997). In the areas without surface water, evapotranspiration constitutes the only local 
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input to the hydrological cycle initiating a positive feedback cycle but the reduction in 

vegetative cover may lead to reduced precipitation.  

 

Placing local people at risk of famine; areas that experience deficit in rainfall and 

increase in temperature indicates that climate decline in agricultural yields, livestock 

yields, tree cover, etc. is due to climate change, as a result of CO2. 

 

Soil having low soil moisture and sparse vegetative cover would be more vulnerable to 

wind erosion. Reduction input of soil organic matter (SOM) and increase in oxidation 

could reduce the long-term, water withholding capacity of the soil, intensifying 

desertification.  

 

Precipitation and dust storm intensity observation data is the best for the study of wind 

erosion and water data in Pakistan. This goal may be achieved by starting the 

precipitation and dust storm intensity observation in time and space at all PMD 

observatories. 

 

Rainfall Seasonality is an indicator that is directly or indirectly related to land 

degradation and desertification. 

 

The climatic conditions of Pakistan are mainly characterized as semi-arid with rainfall 

ranging from 150-650 mm in 70% of Pakistan. The seasonality of rainfall is mainly 

characterized as rather seasonal to marked seasonal in more than 65% area with a long 

drier season in all five provinces, therefore most vulnerable to desertification.  
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Chapter – X 
Drought Indices Analysis 

 
 
10.1 PREAMBLE 

 

Drought Indices (DIs) take into consideration data related to rainfall, stream flow, 

snowpack, as well as other water supply indicators. For decision making purpose, 

Drought Index Value which is a single number, proves to be more useful than raw data.  

 

Several indices measure precipitation deviation over a specified time period on the basis 

of norms which have been historically established. Some techniques for the evaluation of 

drought include  (i) Relative Precipitation Index (RPI), (ii) Palmer Drought Severity 

Index (PDSI), (iii) Standardized Precipitation Index (SPI), (iv) Rainfall Anomaly Index 

(RAI), (v) Stochastic Component Time Series (SCTS), (vi) Drought Area Index (DAI), 

(vii) Percentiles, Deciles and Quartiles (PDQ), (viii) Gumbel Recurrence Interval (GRI), 

(ix) Drought Severity Index (DSI). 

 

None of the major indices can be considered superior for universal application, all having 

suitable characteristics for different uses e.g., United States Department of Agriculture 

(USDA) has widely used the PDSI, for determination of emergency drought assistance 

grant, however it is more useful while covering large areas with uniform topography. The 

reason why the Western states of USA, characterized by mountainous terrain with 

complex regional microclimates, apply other indices e.g., Surface Water Supply Index 

(SWSI) is capable of being taken into consideration instead of Palmer Index. The 

Standardized Precipitation Index, which is relatively newer, is being utilized by the 

National Drought Mitigation Center (NSMC), USA. Its advantage being, capability of 

identifying emergent droughts, months in advance compared to the Palmer Index as well 

as its computation over various time scales. 

 

Although there are numerous statistical techniques related to drought, few pertain to 

rainfall data; others take into consideration condition of stream flows, floods, river 
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basins, dams, etc. Drought is a natural hazard which has not only affected human beings 

but animals as well as economies of countries. Therefore, on the basis of long term data 

pertaining to precipitation, stream and agricultural features; this study is being made in 

order to assess Pakistan’s drought potential for determination of appropriate drought 

technique evaluation in the study area.  

 

 

10.2 REVIEW OF DROUGHT INDICES 

 

Most of the DIs are based on single or multiple variables pertaining to precipitation, 

temperature, river discharge, river inflow, evapotranspiration, etc. Precipitation data are 

commonly used for calculation of DIs, as long-term records are generally available and 

although it does not very clearly indicate conditions related to drought, yet in data-poor 

regions they can provide a pragmatic solution. A review of the indices employed in 

drought studies, its monitoring and management have been reviewed in this study. 

 

 

10.3 METEOROLOGICAL DROUGHT 

 

10.3.1 Percent of Normal 

  

One of the simplest measurements of rainfall for any area or location is the percentage of 

normal, which is very effective for comparison of any single season or region. The value 

is the quotient actual and normal precipitation (the arithmetic mean computed over three 

consecutive decades of a climatological element is called ‘normal’, having no changes in 

observation practices, instruments, location, etc. and no missing values therein) 

(Guttman, 1989; WMO, 1984) multiplied by 100 and capable of being calculated over 

various time scales, ranging from monthly, annual, seasonal or periodical which represent 

a specific season, or as annual or over a water year. Zero % is considered as normal 

precipitation for a particular season, annual or water year. Outlier value can easily be 

identified as more than 100%.  
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One of the disadvantages of its use is that the mean or average, precipitation quite often 

are not the middle value as median in long-term climate record, because, precipitation 

does not reveal normal distribution on monthly/seasonal scales. Use of the percent of 

normal comparison implies a normal distribution when mean and median are considered 

as same. The employment of percentage of normal comparison has an implication of 

normal distribution. 

 

There is no way to determine the frequency of the departures from normal or to compare 

different locations, because of the variety in the precipitation records over time and 

location which makes it difficult to link a value of departure with a specific impact 

occurring as a result of the departure, based on the departures from normal and from a 

plan of response, inhibiting attempts to mitigate the risks of drought (Willeke et al., 

1994). 

 

10.3.2 Standardized Precipitation Index (SPI) 

 

Standardized Precipitation Index (SPI) is a simple index developed in 1993 by McKee et 

al. The only parameter which is needed in SPI is precipitation. It is used over 60 countries 

for operational/research purpose. It is based on multiple time scales and allows temporal 

flexibility in evaluation of water supply and precipitation conditions. 

 

It is not simply the z-score. A probability distribution function is applied on normalized 

precipitation so that values of SPI are actually seen as z-score which allows for 

estimating wet and dry periods and its accumulated values of drought severity (i.e. 

magnitude). Its nature is well suited to risk management. It requires thirty years or more 

of continuous data. The mean of SPI for the desired period and location is zero (Edwards, 

et al., 1997). It cannot be applied to climate change analysis. 

 

The SPI is used to describe extremely surplus (wet) or deficit (dry) climate situations. 

The WMO recommends that all national, hydrological and meteorological services 

should use the SPI for dry spells monitoring (WMO No. 872, 2009). Longer than 24 and 
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shorter than 1 month time scale interval of SPI may be unreliable and its interpretation 

spatially, is invariant. Short time scale precipitation anomalies reflect soil moisture 

conditions and long term precipitation anomalies stream flow, groundwater and reservoir 

storage conditions (Mckee, et al., 1993). Shirvani, et al., (2003) recommended upto 12 

months SPIs for agriculturists and 36 months for water resource managers during 

European Geophysical Society (EGS) – American Geophysical Union (AGU) – European 

Union of Geosciences (EUG) Joint Assembly meeting held in Nice, France on 6 - 11 

April, 2003. 

 

Different probability functions will result in different values of SPI. Thom (1958, 1966) 

found that gamma distribution fits well in SPI. The probability density function defined 

gamma distribution for x>0  

 . . . . . . . . . . . . . . . . . . . . . . . . . . (1) 

where α is shape and β is scale parameter, x is precipitation and Γ(α) is gamma function 

and n is the number of observations 

 . . . . . . . . . . . . . . . . . . . . . . . . . . . (2) 

    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (3)  

      . . . . . . . . . . . . . . . . . . . . . . . . . . . (4) 

because SPI is z-score (standardized) and behaves quite similar to the following graph 

(Fig.10.1.0).  

Fig.10.1.0     SPI and various other grading methods in a normal distribution 

McKee et al (1993, 1995) defined some drought intensity categories; Guttman (1999) 

applied the same.  

 

Conceptually, the SPI is equivalent to the z-score often used in statistics: 

  
StDev

PPZ )( −
=  

where Z (z-score) expresses the precipitation (P) score’s distance from the average ( P ) 

in Standard Deviation (St.Dev.) units.  
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Table 10.1 

Values of SPI, Frequencies and Nominal Class Descriptions 

 

SPI Values 
Precipitation 

Periods – More 
(percent) 

Precipitation 
Periods – Less 

(percent) 

Normal SPI 
Class 

3.000 or higher 0.13 99.87 extremely wet 
2.500 0.62 99.38 extremely wet 
2.000 2.28 97.72 extremely wet 
1.645 5.00 95.00 very wet 
1.500 6.68 93.32 very wet 
1.282 10.00 90.00 wet 
1.000 15.87 84.13 wet 
0.842 20.00 80.00 slightly wet 
0.524 30.00 70.00 slightly wet 
0.500 30.85 69.15 normal 
0.253 40.00 60.00 normal 
0.000 50.00 50.00 normal 
-0.253 60.00 40.00 normal 
-0.500 69.15 30.85 normal 
-0.524 70.00 30.00 slightly dry 
-0.842 80.00 20.00 slightly dry 
-1.000 84.13 15.87 dry 
-1.282 90.00 10.00 dry 
-1.500 93.32 6.68 very dry 
-1.645 95.00 5.00 very dry 
-2.000 97.72 2.25 extremely dry 
-2.500 99.38 0.62 extremely dry 

-3.000 or below 99.87 0.13 extremely dry 
 

A primary pre-adjustment to this standard z-score formulation recognizes that 

precipitation is typically positively skewed. To adjust for this empirical fact, the 

precipitation data is transformed to a more normal or Gaussian symmetrical distribution 

by applying the gamma function. After the precipitation data have been transformed, the 

SPI is calculated in a manner that mirrors the z-score formula and may be interpreted 

similarly. While the value of SPI is theoretically unbounded, empirically it is extremely 

rare to observe values greater than +3.0 or less than -3.0. The values of SPI, their 

frequencies and nominal class descriptions (modified from Guttman, 1999) are provided 

as Table 10.1. For purposes of studying large areas, it is especially interesting that SPI 
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can be applied equally well to wet and dry areas; hence, it can be applied to the whole 

country at the same time. In this study, six SPI time-grouping SPI-3 (three months 

precipitation on a monthly basis), SPI-6 (six months precipitation on a monthly basis), 

SPI-12 (full year precipitation on a monthly basis), SPI-24 (two years precipitation on a 

monthly basis), SPI-36 (three years precipitation on a monthly basis) and SPI-48 (four 

years precipitation on a monthly basis) have been computed. 

 

The transformation of original precipitation values (for any specified time period) into the 

Standard Precipitation Index has the intent of: 

 

o Shifting the mean of the data to have a transformed mean to zero 

o Shifting the standard deviation of the data to have transformed value of 1.0, and 

o Reducing the skew existing in the data towards zero 

 

When these goals have been achieved, the resultant Standard Precipitation Index may be 

interpretable as a standardized or z- score with a mean of zero and standard deviation of 

1.0. Necessary formulae used in developing SPI (Bobee, et al., 1991; Edwards, et al., 

1997) are as follows: 

 

First, mean, standard deviation and skew for the precipitation data are expressed as 

follows: 
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Second, the precipitation data are transformed by the log normal (ln) and the mean of 

those values is computed. Those transformed values are further described by the constant 

U shape and  

N
PPmean )ln(log ln ==  

ln)ln( PPU −=  

⎥
⎦

⎤
⎢
⎣

⎡
+==

3
41

4
1 U
U

lshape β  

β
α Pscale ==  

Third, the ln values are transformed by the gamma distribution function, incorporating 

the shape and scale values: 

Cumulative Gamma transform = dxexxG a
xx −

−∫Γ
=

0

11)( β
β βα

    

⎥
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gX
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or 
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−
=

gX
t

1
1ln  where Xg  < 1.0 

Fourth, the gamma transformed values are again transformed, with different formulae 

according to the magnitude of the gamma transformed values, as follows: 
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tctcctSPI   where Xg < 1 

where:   

c0 = 2.515517  c1 = 0.802853  c2 = 0.010328  

d1 = 1.432788   d2 = 0.189269  d3 = 0.001308 

 

10.3.3 SPI Analysis Study for Pakistan 
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SPI is mainly used to determine the drought characteristics. Drought episodes are 

represented by –ve SPI values. Drought onset is defined by SPI of -1 or less. The episode 

ends when the SPI becomes +ve. Drought duration is defined by the onset and 

termination of the event. The sum of the SPI values during the drought duration is termed 

as the drought magnitude. SPI can provide early warning of drought and its severity 

because it can specify for each location and is well-suited for risk management.  The SPI 

of various time scales for 51 meteorological stations of Pakistan have been analyzed. 

Average SPI of aforementioned time scale for all five provinces have also been analyzed. 

Since, after being normalized the SPI behave like z-score, therefore, the classes 

mentioned in Table 10.1 have been employed for drought occurrence analysis.    

 

The 06 and 12 months time scale SPI graphs of 40 selected stations, covering the entire 

county have been depicted in Figs.10.1.1 to 10.1.8 (GB/AJK), Figs.10.3.1 to 10.3.8 

(Balochistan), Figs.10.5.1 to 10.5.8 (KP/FATA), Figs.10.7.1 to 10.7.8 (Punjab) and 

Figs.10.9.1 to 10.9.8 (Sindh). 36 and 48-months time scale SPI graphs of the same 40 

stations have been illustrated in Figs.10.2.1 to 10.2.8, Figs.10.4.1 to 10.4.8, Figs.10.6.1 to 

10.6.8, Figs.10.8.1 to 10.8.8 and Figs.10.10.1 to 10.10.8 for GB/AJK, Balochistan, 

KPK/FATA, Punjab and Sindh, respectively. The 3, 6 , 12, 24 , 36 and 48 months time 

scale average SPIs on provincial basis have been prepared and illustrated in Figs.10.11.1 

to 10.11.6 of GB/AJK, Figs.10.12.1 to 10.12.6 of Balochistan, Figs.10.13.1 to 10.13.6 of 

KP/FATA, Figs.10.14.1 to 10.14.6 of Punjab and Figs.10.15.1 to 10.15.6 of Sindh. SPIs 

of similar time scales of the whole country, Pakistan have been represented in 

Figs.10.16.1 to 10.16.6.  The precipitation deficit/surplus for multiple time scales (3, 6, 

12, 24, 36, 48 months) analysis have been examined in these graphs.  Three and six 

months SPI has shown a clear indication of soil moisture deficit. The great shortfall in 

ground water, stream flow and reservoirs shortage was undoubtedly determined by thirty-

six (36) and forty-eight (48) time scale SPI. In these graphs, the value of SPI less than 

minus one (-1) may clearly be identified as dry spell during that time scale for each 

station. The 3 and 6 months time scale SPI may be identified as short term drought at the 

station. A mild dry spell may be identified in 6 and 12 months time scale SPI. Similarly, 
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mild-moderate, dry spell in 24 and moderate to severe in 36 and 48 months time scales. 

The severe drought in 36 and 48 months time scale SPI clearly depict two dry spells, 

1985 to 1987 and 2002 to 2004, with minor occurrence of time differences in provinces. 

 

Twelve (12) months SPI clearly reveals a lot of fluctuation at all stations. Every one to 

two years, all stations received either excess or deficit precipitation (Figs.10.1.1-10.1.8, 

Figs.10.3.1-10.3.8, Figs.10.5.1-10.5.8, Figs.10.7.1-10.7.8, and Figs.10.9.1-10.9.8) These 

variations in precipitation are not rhythmic and/or symmetric and time period of excess or 

deficit in precipitation occurrence may or may not be identical. These kinds of 

dissimilarities are commonly found and are characteristic of precipitation data of any 

arid/semi-arid region of the world. 

 

Forty eight (48) months time scale SPI time series revealed that Astore (Fig.10.2.1), 

Bunji (Fig.10.2.2), Chilas (Fig.10.2.3), Garhi Dupatta (Fig.10.2.4), Gilgit (Fig.10.2.5), 

Kotli (Fig.10.2.6), Muzaffarabad (Fig.10.2.7) and Skardu (Fig.10.2.8) had extremely dry 

spells in 1986 and 2006, 1993, 1978-79, 2002-03, 1989 and 1986, 2003, 2003, and 1972 

respectively and Barkhan (Fig.10.4.1), Dalbandin (Fig.10.4.2), Khuzdar (Fig.10.4.4), 

Pasni (Fig.10.4.6), Quetta (Fig.10.4.7) and Zhob (Fig.10.4.8) stations in Balochistan 

faced extremely dry conditions in 2003-05, 2003, 2003-04, 2003, 1991 and 2003, 2002, 

and 2003-04, respectively. Balakot (Fig.10.6.1) in 2001, Chitral (Fig.10.6.2) in 1981 and 

1986, D.I.Khan (Fig.10.6.3) in 1973, Dir (Fig.10.6.4) in 1972 and 2005, Drosh 

(Fig.10.6.5) in 1986 and 2003-04, Kakul (Fig.10.6.6) in 2003, Parachinar (Fig.10.6.7) in 

2003, and Peshawar (Fig.10.6.8) in 2003 faced extremely dry condition in KP/FATA. In 

Punjab,   stations   Bahawalpur (Fig.10.8.1) in 1973,   Faisalabad   (Fig.10.8.2) in 1973,  

 

Figs.10.1.1 to 10.1.8   6 and 12 months SPI for stations of GB/AJK – (1) Astore          
(2) Bunji (3) Chilas (4) Garhi Dupatta   (5) Gilgit   (6) Kotli    

 (7) Muzaffarabad and (8) Skardu 

Figs.10.2.1 to 10.2.8  24 and 36 months SPI for stations of GB/AJK – (1) Astore    

 (2) Bunji   (3) Chilas   (4) Garhi Dupatta   (5) Gilgit   (6) Kotli    

            (7) Muzaffarabad and (8) Skardu 
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Figs.10.3.1 to 10.3.8 6 and 12 months SPI for stations of Balochistan – (1) Barkhan   (2) 

Dalbandin   (3) Jiwani   (4) Khuzdar   (5) Lasbela   (6) Pasni (7) Quetta and (8) Zhob 

 

Figs.10.4.1 to 10.4.8 24 and 36 months SPI for stations of Balochistan – (1) Barkhan (2) 

Dalbandin (3) Jiwani (4) Khuzdar (5) Lasbela   (6) Pasni  

(7) Quetta and (8) Zhob 

 

Figs.10.5.1 to 10.5.8 6 and 12 months SPI for stations of KPK/FATA – (1) Balakot  

(2) Chitral     (3) D.I.Khan    (4) Dir    (5) Drosh    (6) Kakul     (7) Parachinar and (8) 

Peshawar 

 

Figs.10.6.1 to 10.6.8 24 and 36 months SPI for stations of Balochistan – (1) Balakot (2) 

Chitral     (3) D.I.Khan    (4) Dir    (5) Drosh    (6) Kakul     (7) Parachinar and (8) 

Peshawar 

 

Figs.10.7.1 to 10.7.8 6 and 12 months SPI for stations of Punjab – (1) Bahawalpur  

(2) Faisalabad     (3) Islamabad     (4) Jhelum     (5) Khanpur     (6) Lahore   (7) Multan 

and (8) Sialkot 

 

Figs.10.8.1 to 10.8.8 24 and 36 months SPI for stations of Punjab – (1) Bahawalpur  

(2) Faisalabad     (3) Islamabad     (4) Jhelum     (5) Khanpur     

(6) Lahore   (7) Multan and (8) Sialkot 

 

Figs.10.9.1 to10.9.8 6 and 12 months SPI for stations of Sindh – (1) Badin (2) Chhor 

(3) Hyderabad    (4) Jacobabad    (5) Karachi    (6) Nawabshah (7) Padidan and (8) Rohri 

 

Figs.10.10.1 to10.10.8    24 and 36 months SPI for stations of Sindh – (1) Badin         (2) 

Chhor    (3) Hyderabad     (4) Jacobabad     (5) Karachi        (6) Nawabshah (7) Padidan 

and (8) Rohri 

Figs.10.11.1 to 10.11.3 (1) 3 and 6 months  (2) 12 and 24 months  and (3) 36 and 

48 months average SPI of GB/AJK 
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Figs.10.12.1 to 10.12.3 (1) 3 and 6 months  (2) 12 and 24 months  and (3) 36 and 

48 months average SPI of Balochistan 

Figs.10.13.1 to 10.13.3 (1) 3 and 6 months  (2) 12 and 24 months  and (3) 36 and 

48 months average SPI of KPK/FATA 

Figs.10.14.1 to 10.14.3 (1) 3 and 6 months  (2) 12 and 24 months  and (3) 36 and 

48 months average SPI of Punjab 

Figs.10.15.1 to 10.15.3 (1) 3 and 6 months  (2) 12 and 24 months  and (3) 36 and 

48 months average SPI of Sindh 

Figs.10.16.1 to 10.16.3 (1) 3 and 6 months  (2) 12 and 24 months  and (3) 36 and 

48 months average SPI of Pakistan 

 

Khanpur (Fig.10.8.5)  in  1981,  Lahore  (Fig.10.8.6)  in  1973,  Multan  (Fig.10.8.7)  in  

1965, and Sialkot (Fig.10.8.8) in 1970 had extremely dry conditions. While in Sindh 

stations, Badin (Fig.10.10.1) faced extreme drought condition in 2004, Chhor 

(Fig.10.10.2) in 1970-71 and 2004, Hyderabad (Fig.10.10.3) in 1976 and 2001-02, 

Jacobabad (Fig.10.10.4) in 1968 and partially in 1976 and 2003-04; Karachi (Fig.10.10.5) 

in 2003, Nawabshah (Fig.10.10.6) in 1976 and 2004, Padidan (Fig.10.10.7) in 2004, and 

Rohri (Fig.10.10.8) in 1974-75. 

 

Forty eight (48) months SPI analysis on provincial precipitation indicates that GB/AJK 

had 2 extreme dry spells during the study period 1961-2010. First dry session started in 

1985 and ended in 1987 with peak in 1986. The second dry session started in 2000 and 

ended in 2005. Peak was identified in 2002.  There were two slightly dry to dry periods, 

first in 1966 and second in 1972-79 in GB/AJK (Fig.10.11.6). Balochistan faced a long 

drought period during the 1961-2010 period. Drought conditions commenced in 1965 and 

dominated till 1975. Second time it started from 2001 and ended in 2005 (peak in 2002) 

(Fig.10.12.6). KP/FATA faced drought during 1971-73, extremely drought period. 

Drought in 2001-05 was categorized as very dry. In the peak year 2002, it reached near to 

extremely dry conditions (Fig. 10.13.6). The Punjab was continuously experiencing 

slightly drought range from 1966 to ’73, which ended in 1974. Second time this province 

faced vary dry drought event in the years 2001-’05 (Fig.10.14.6). Sindh experienced 
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droughts in 1967 and 1987-91 with slight drought event. The drought in 1975-’76 and in 

2001-’04 was of extremely dry nature (Fig.10.15.6). The overall SPI analysis indicated 

that during the period 1961-2010 Pakistan faced very dry, while in 2001-’05 it 

experienced extreme dry drought (Fig.10.16.6). 

 

  

10.4 HYDROLOGICAL DROUGHT INDEX 

 

Pakistan depends on a single river system. Indus and its tributaries contribute the major 

share of the water supply for its agricultural, industrial, drinking and municipal uses. 

Agriculture sector uses 95% of this precious water, 02% industry, besides 03% sanitation 

and drinking sector, while seasonal water availability variant is 20% in winter and 80% in 

summer (Habib, 2004). Between 200 to 400 000 000 tonnes sediment load in rivers 

causes depletion of storages approximately @01% per annum (Kamal, 2008).  

 

The Indus and many of its tributaries, i.e., Kabul, Jhelum, Chenab, Ravi and Sutlej, 

originate in the Himalayan, Hindukush and Karakoram maintains, along the northern and 

northeastern borders of Pakistan and descends south towards the Arabian Sea with an 

annual average volume of 180 bcm discharged into  the  Indus plains.  Senge-Khabab     

(5 165 m altitude) is the source of Indus River, near the Mansarover Lake in Tibet. The 

Indus System Rivers form a link between two great natural reservoirs, the glaciers and 

snow (Table 10.2) in the mountains and the groundwater contained by the alluvium in the 

Indus plains of the Punjab and Sindh provinces. A lesser amount of water to Arabian Sea 

leads to the problem of salinity (Qamar, 2009).  

Table 10.2 
Area and Length of Major Valley Glaciers in the Karakoram  

S. No.   Glacier Name    Glacier Location    Area  
(km²)   

Length 
(Km)   

1 Siachen   Nanga Parbat Region   1181.0 75.0 
2 Baltoro   K2 and Concordia, Baltoro Glacier   756.0 62.0 
3 Biafo   Biafo, Hispar, Snow Lake   627.0 68.0 
4 Hispar   Snow Lake, Biafo-Hispar, Basha-Termik   622.0 53.0 
5 Rimo   Karakoram   510.0 45.0 
6 Skamri (Crevasse)   Karakoram   427.0 41.0 
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7 Panmah   Biafo, Hispar, Snow Lake   1515.0 44.0 
8 Chogo Lungma   Bagrot, Rakaposhi, Haramosh   332.0 47.0 
9 Kondus   Karakoram   310.0 32.0 

10 Te Rong   Karakoram   295.0 27.0 
11 Batura   Passu and Batora Glacier   290.0 60.0 
12 Khurdopin   Hunza River, Gilgit   280.0 41.0 
13 Sarpo Laggo   Karakoram   230.0 33.0 
14 Braldu   Hunza River, Gilgit   202.0 35.0 
15 Virjerab   Hunza River, Gilgit   189.0 36.0 
16 Kero Lungma   Basha, Tormik and Satak Valleys   150.0 21.0 
17 Bilafond   Karakoram   150.0 23.0 
18 Riong   Karakoram   140.0 30.0 
19 Barpu   Brafo, Hispar, Snow Lake   136.0 34.0 
20 K2 (Depsang)   Karakoram   135.0 11.0 
21 Karambar   Karamber Valley   132.0 27.0 
22 Staghar   Karakoram   130.0 30.0 

 Total       8739.0 875.0 
Source: (IWASRI, 1998; von Wissmann, 1959) 

Indices of characterizing a hydrological drought such as surface Water Supply Index 

(SWSI), Palmer Hydrological Drought Index (PHDI) or the index proposed by Palfai 

(2002) are, in general, data requiring and computationally meticulous. On the contrary, 

the proposed index SDI reveals advantages of simplicity and effectiveness found in 

indices of meteorological drought such as the SPI (Tsakiris, et al., 2004; McKee, et al., 

1993; Cancelliere et al., 2007) or the Reconnaissance Drought Index (RDI) (Tsakiri, et 

al., 2005; Tsakiris et al., 2007). Exclusive use of stream flow has been made the key 

variable for assessing hydrological droughts. The fact that drought is a natural 

phenomenon which is slowly developing and is identified only after it has been well 

established dictates the use of coarse time step for drought assessments. The typical time 

step used is monthly, which has been employed in this study. 

 

The onset of drought episode is defined as the time when a drought index falls below a 

certain truncation level. The truncation level has been defined in various ways. For 

stationary processes a fixed value has been used, while for period processes a set of 

seasonally varying values is more appropriate. The mean over a long period of time was 

chosen in this work. 
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In the classical approach, successive non-overlapping time intervals are used. In the 

proposed methodology, time has been treated as follows: 

i. 1st October is considered as the beginning of the hydrological year, which is 

typical in the Indo-Pak and Mediterranean region 

ii. Every six months (31st March and 30th September), a drought assessment is made 

regarding the time interval from the start of the hydrological year up to that time; 

thus time intervals of duration over six, and twelve months are used 

iii. At the above dates, predictions regarding drought conditions for future time 

intervals are made 

 

The overlapping time periods used within each hydrological year are reported as 

reference periods. These are October-March, and October-September (one complete 

hydrological year). 

10.4.1 Standardized Streamflow Drought Index (SSDI) 

 

It is assumed that a (time series monthly streamflow based on the assumption that 

volumes Qi,j is available). Here, i denotes the hydrological year, j the month within the 

hydrological year (j = 1 and 12 respectively for October and September):  

∑
=
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k

j
jiki kjQV
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,, 2,112,.....,2,1,.......2,11  

Here Vi, j is the cumulative streamflow volume for the ith hydrological year and kth  

reference period. k=1 and k=2 for October-December, and October-September 

respectively. 

 

Based on Vi, j, i.e., cumulative streamflow volume, Streamflow Drought Index (SDI) is 

defined for each reference period k, for the ith  hydrological year as given below: 
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where:  

kV  is the mean and 
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 Sk the standard deviation of cumulative streamflow volumes for reference period 

k since their estimation is made over a long time period. Although other values could be 

used in this definition the truncation level is set to kV .   

 

According to equation 2, the Hydrological Drought Index is identical to the standardized 

streamflow volumes. 

 

Streamflow may exhibit a skewed probability distribution for small basins, which can be 

approximated by the family of Gamma distribution function, which is then transformed 

into normal. In the present work the two-parameter log-normal distribution has been 

utilized, for which the normalization is simple. It is sufficient to take natural logarithms 

of streamflow. The SDI index is defined as: 

2,1,.....2,1
,

,
, ==

−
= ki

S
YY

SDI
ky

kji
ki  

where : 

( ) 2,1,.....2,1ln ,, === kiVY kiki  

are the natural logarithms of cumulative streamflow with mean kY  and standard deviation 

Sy, k , since these statistics are estimated over a long period of time. 

 

Based on SDI, state of hydrological drought is defined as being identical to those used in 

the meteorological drought indices SPI and RDI. Five states defined through this criteria 

is depicted in Table 10.3 

Table 10.3 

Definition of States of Hydrological Drought with the aid of SDI 

State Description Criteria Probability (%) 

0 Non drought SDI ≥ 0.0 20.0 

1 Mild drought -1.0 ≤ SDI < 0.0 34.1 

2 Moderate drought -1.5 ≤ SDI < -1.0 9.2 

3 Severe drought -2.0 ≤ SDI < -1.5 4.4 
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4 Extreme drought SDI < -2.0 2.3 

 

While dealing with hydrological droughts, the problem of treating intermittent or 

ephemeral flows is important. Three cases deciphered can be: 

i. Watercourses with perennial flow 

ii. Watercourses with ephemeral flow and without complete dryness throughout a 

whole hydrological year 

iii. Watercourses with no flow, in some hydrological years  

 

As per our definition of SDI, Case 2 becomes irrelevant, since cumulative streamflow 

will always possess some positive value. Only Case 3 i.e. completely dry hydrological 

years remains, which is classified arbitrarily as extreme drought. 

 

10.4.2 The methodological steps 

 

Commencing from historical streamflow series, computation of SDI yields a sequence of 

drought states. It is estimated that the underlying state-process possess a non-stationary 

Markov chain. Markov chains structure have been widely applied for the prediction of 

drought (mainly meteorological) (Lohani, et al., 1997; Lohani et al., 1998; Ochola, et al., 

2003; Paulo, et al., 2007). 

 

Qi, j  (i=1,2, …,N; j=1, 2, …., 12) may be taken as the observed time series of monthly 

streamflow volumes for any river basin being studied, where N equals to the number of 

hydrological years. 

 

First, via equation 1 the cumulative streamflow volumes Vi, k (i-1, 2,… K; k=1, 2) are 

calculated.  

 

Secondly, based on equations 2 and 3 the series SDIi, k of the SDI index is calculated.  
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Third, the series of states Xi, k (i=1, 2, …, N; k=1, 2) may be obtained according to the 

criteria given in Table10.1.  

For each k, the related state process Xi, k takes discrete values m ∈  [0, 1, 2, 3, 4].  

 

Fourth, Fm, k is estimated as the frequency of appearance of each state m in each reference 

period k 
N

n
F km

km
,

, =    

here  nm, k   is the number of occurrences of state m in reference period k occurring within 

the available sample of N years. Estimate of marginal probability pm, k for appearance of 

state m during reference period k, is as follows:  

[ ] immXPp kikm ∀∈== 2,1,0)( ,,  
where: 

  probability is denoted by P(.). 

           For each k, probabilities pm, k  (m=0, 1, 2) from a 3 ×1 column vector pk. 
Fifthly, the frequency of state transition Fm, m’, k from state m in reference period k to the 

state m in reference period k+1 is as follows: 
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where nm, m’, k is the number of occurrence of state m during reference period k and state 

m’ during reference period k+1.  

The following is an estimate of the transition probability nm, m’, k, defined as:  

[ ] [ ] immmXmXPp kikikmm ∀∈∈=== + 2,1,0'2,1,0)'( ,1,,',  

where : 

 P(.|.) expresses conditional probability.  

For each k, transition probabilities form a 3 ×3 matrix, which is denoted as Pk. 

Assuming that the current time interval is (i, k).  

 

Prior to characterizing current drought state, prediction of the marginal probabilities for 

the next reference period k+1 can be expressed as kkk pPp =+1  between an operational 

context, at the termination of time interval (i, k). It is assumed that all historical data till 
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that time was available; thus allowing classification of the current interval. Thus, vector 

pk pertaining to equation 9 now has one element equal to one while all other elements are 

zero. It ensues from equation 9 that Pk matrix is the matrix of state transition frequency, 

the only information needed for drought prediction as it is approximated by its estimate. 

While working off-line on historical series this is the main output of the methodology. 

The output in real-time situations is firstly, a single value of current state and secondly 

the probabilities of future state as obtained from a stored matrix of state transition 

probability. 

 

Nalbantis, et al., (2008) have also worked on the case in the absence of streamflow 

information, for which they devised a special meteorology based on SPI. This method has 

however not been used in this chapter. In order to further validate the above 

methodology, a rigorous trying framework was setup. 

Figs.10.17.1 to 10.17.6 (1) 3 months (2) 6 months (3) 12 months (4) 24 months (5) 
36 months and (6) 48 months SSDI of Rivers Total Inflow 
at Kalabagh, Jhelum and Chenab 

Figs.10.18.1 to 10.18.6 (1) 3 months (2) 6 months (3) 12 months (4) 24 months (5) 
36 months and (6) 48 months SSDI of Indus River Inflow 
at Kalabagh 

Figs.10.19.1 to 10.19.6 (1) 3 months (2) 6 months (3) 12 months (4) 24 months (5) 
36 months and (6) 48 months SSDI of Jhelum River Inflow 
at Mangla 

Figs.10.20.1 to 10.20.6 (1) 3 months (2) 6 months (3) 12 months (4) 24 months (5) 
36 months and (6) 48 months SSDI of Chenab River Inflow 
at Marala 

 

10.4.3 SSDI Analysis Study for Pakistan 

 

The rising linear tendency found in gains/losses in combined Jhelum-Chenab zone 

reaches of the Indus Basin at the rate 0.0388 MAF per season in kharif, 0.0166 MAF per 

season for rabi and 0.0684 MAF per annum for both seasons. Rising linear tendency of 

0.0217 MAF has been revealed for the rabi season in Indus stream losses/gain, where 

falling linear tendency of -0.169 MAF in the kharif season for the period 1940-95 has 

been recorded. Yearly (rabi plus kharif) found a falling tendency of -0.1816 MAF. 
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The 24, 36 and 48 months time scales Standardized Streamflow Drought Index (SSDI) 

analysis on the total stream inflow (Indus plus Jhelum plus Chenab) indicated dry spells 

in1930-31 (moderate), 1975-76 (severe) and 2003-04 (extreme) (Figs.10.17.4 to 10.17.6, 

10.18.4 to 10.18.6, 10.19.4 to 10.19.6 and 10.20.4 to 10.20.6 respectively). SSDI analysis 

on Indus stream inflow revealed that three dry spells, 1930-31 (severe), 1974-80 

(moderate but floating) and 2003-04 (extreme) while SSDI analysis on Jhelum stream 

inflow data has shown 1950 (moderate), 1965 (severe), 1974 (moderate) and 2003-04 

(extreme) drought status of the river. SSDI analysis on Chenab stream inflow indicated 

moderate dry season during 1927-’29, mild dry in 1944, moderate but near to extreme in 

1974 and moderate in 2003-’04. 

 

10.5 AGRICULTURE DROUGHT INDEX 

 

Lack of precipitation or prolonged deficit which results in acute shortage of water leading 

to severe hydrological imbalance is drought (Heim, 2002), which has been described in 

many ways. A prolonged lack of precipitation is principally ‘meteorological drought’, 

Abnormal below groundwater, lake levels and stream flow is associated with ‘hydrologic 

drought’, and ‘agricultural drought’ pertains to moisture deficits in the root zone or 

topmost three feet of the soil which has an impact on crops.  

 

Drought and its severity can be defined numerically by indices in which precipitation, 

temperature and allied variables having only an impact on soil moisture and 

evapotranspiration are incorporated. There are numerous indices which only employ 

precipitation e.g. SPI, evaluated as precipitation deficits in a number of ways, while 

others use additional weather variables, e.g., the Keetch-Byrum Drought Index (KBDI) 

(Keetch and Byrum, 1988). KBDI evaluates severity of drought employing soil moisture 

deficiencies which makes estimations based on temperature and precipitation. In contrast, 

the PDSI (Palmer, 1965; Heim, 2002) uses temperature, precipitation and water content 

data for measuring soil moisture. Although the PDSI does not include solar radiation, 

wind, water vapour, cloud amount, etc. and is not a very advantageous index, yet it is 

widely used as it requires only PET by Thornthwaite’s (1948) method which incorporates 
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temperature and precipitation data for the calculation which can be executed across many 

climates. The PDSI offers a measure of drought for comparison across many regions of 

the globe because precipitation and temperature are the basic data of climate being 

readily available for nearly all parts of the globe.  

 

Penman (1948) however incorporated effects of solar and longwave radiation, water 

vapour and wind in PET calculation for more reliable estimates, while Thornthwaite-

based PET does not require re-computation of the empirical constants for varying 

climates (Alley, 1984). A self-calibrating version of PDSI has been developed recently, 

to ensure consistency with climate at any location (Wells et al., 2004). PDSI is largely 

controlled by precipitation changes, since the effects of precipitation anomalies on PDSI 

are comparatively large with reference to temperature anomalies (Guttman, 1991); it is 

controlled to a great extent by precipitation changes. Drought is an insidious natural 

hazard which occurs due to deficit of precipitation from normal, insufficient to meet 

environmental demands and related to human activities extended over a period of season 

or more. Drought is not an absolute, rather a relative condition.  

 

There is emergent need to develop more efficient early drought warning and monitoring 

systems. In order to reduce impact of drought, comprehensive drought monitoring 

systems which can enable severity determination, impart early warning of onset as well 

as its withdrawal and deliver timely information to all stakeholders must be an essential 

and critical component of national drought strategies. 

 

There are hundreds of universally accepted definitions not very precise but 

distinguishable from one another, which rather add to confusion about drought existence 

and degree of severity. Definitions must be application specific because drought impacts 

vary between sectors and regions. Meaning of drought varies with reference to 

agricultural producers, water managers, wildlife biologists, hydroelectric power plant 

operators, etc. Agricultural, hydrological and meteorological droughts differ from each 

other in spatial coverage, duration and intensity. 
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To determine spatial characteristics, onset and withdrawal of drought, numerous natural 

drought indicators should be routinely monitored along with evaluation of drought 

severity at regular time intervals in order to determine spatial characteristics, onset and 

withdrawal of drought, although, deficiency of precipitation is considered as the 

originator of drought. It does not suffice to depend entirely on precipitation for the 

evaluation of resultant impacts and severities on the basis of factors previously identified. 

A variety of climatic parameters, precipitation and soil moisture along with ground water 

levels, lake and reservoir levels, snow pack, etc., should be incorporated for a 

comprehensive judgment of current and future water supply conditions and drought, in 

order to have available and effective, early drought warning systems. 

 

The WMO Commission for Agricultural Meteorology held an International Workshop in 

February 2009, on Extreme Temperatures and Drought in Beijing, China to review global 

extreme temperature events and escalating frequency and severity of droughts. A number 

of recommendations were adopted in order to cope with extreme temperatures, and 

impact of increasing droughts on agriculture, forestry and rangelands, etc. One of the 

recommendations was the identification and development of appropriate standards of 

agricultural drought indices for WMO. Agriculturists may consider the portion of rainfall 

which directly satisfies for surface run-off, crop water requirements and for crop 

production which may be considered as effective on their farms. Effective rainfall 

reinforced can be conserved for crops in the subsequent growing season, when land is left 

fallow, in the case of dry-land agriculture.  

 

Rainfall available to cater to the consumptive water requirements and those during the 

growing period of crops is termed effective rainfall (USDA, 1967; Hershfield, 1964). It 

does not take into account deep percolation losses and surface run-off.  Effective 

precipitation is the quantity which is available subsequent to run-off and evaporation, for 

plant growth season (Hayes, et al., 1955). They neglected the evaporation aspects prior to 

sowing and made the term evaporation ambiguous, as well as the definition, not fully 

satisfactory.  
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The precipitation remaining during the growing season left after deep percolation, run-off 

and/or additional water waste subsequent to soil saturation or irrigation is effective 

rainfall (Ogrosky, et al., 1964). Water requirement for land management and before 

sowing were overlooked in the definition. Prior to harvesting, unsaturated or saturated 

soil can make rainfall ineffective. However, in the case of rice, rainfall can be effective 

subsequent to soil saturation. Hershfield (1964), however, did not account for 

consumptive as well as non-consumptive needs like puddling, leaching of salts and land 

preparation. 

 

Effective precipitation is the quotient of precipitation divided by evaporation at any 

stipulated place (Miller, et al., 1970). The ratio of precipitation to evaporation in fact is 

not the effective rainfall; rather it is the effectiveness of rainfall. The terms are not 

synonyms. Effectiveness refers to efficiency of rainfall while the useful fraction of 

rainfall is effective rainfall. Thornthwaite (193l) enunciated the concept of rainfall 

effectiveness and used it for world climate classifications. Where rainfall is at different 

stages of crop growth or even under various conditions of aridity, given amounts will 

have varying degrees of effectiveness.  

 

Instead of effective seasonal or effective growing season rainfall, De, et al. (1973), 

formulated a Moisture Index, employing annual precipitation and potential 

evapotranspiration for seasonal field crops, while examining rainfall effectiveness, 

climate and vegetation have been interrelated in terms of Moisture Indices. In order to 

evaluate the effectiveness of rainfall in terms of moisture index Transeau (1905) 

computed quotient of annual precipitation and estimated free water evaporation.  

 

Ratio of rainfall to temperature was introduced by Lang (1920) and de Martonne (1926). 

de Martonne termed it Aridity Index. Effective soil moisture is the ratio of precipitation 

(mm) and saturation deficit of the air (mm of mercury) (Meyer, 1926). Precipitation 

Effectiveness (PE) index put forth by Thornthwaite (1931), as a function of temperature 

(T) and precipitation (P) is as follows:  



318 
 

∑
=

⎟
⎠
⎞

⎜
⎝
⎛

−
=

12

1

9
10

10
115

i T
PindexPE  

where: 

 P is in inches and T in degrees Fahrenheit 

Climatic regions classified on these values have been presented in Chapter IV.  

 

Thornthwaite (1948) offered a modified concept by placing the Potential 

EvapoTranspiration (PET) derived from temperature instead of evaporation parameter. 

An active stage of growth is the amount of water lost by a field under non-limiting 

moisture supply, completely covered with green vegetation.  
a
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PET = Potential EvapoTranspiration (mm);  

T = Temperature (mean monthly)  (°C); 

κc = average length of solar day of the given location; 

I = annual heat index, which is ∑
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a = co-efficient depending on the heat index is given by  
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where:   N = actual day length in hour and  

DM is the number of days in particular month 
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where:  

  ωS  is the sun rise hour angle 

( )δϕω tantanarccos −=S  

φ = latitude and δ = solar declination, both in radian, δ calculated as  
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where: 

 J = average Julian day of the month
 

This concept was used for working out daily soil moisture balance in a water budget 

method for planning irrigation practices.  

 

However, it did not satisfy the requirements from agricultural production point of view. 

Rainfall should not only satisfy land preparation and percolation demands (as in rice), 

leaching, etc., but in addition, the consumptive needs of crops. Therefore, as an 

alternative of evaporation or PET values in estimating rainfall effectiveness, it is more 

appropriate to use the total water requirements of the crop.  

Simply:  

 
Reference Evaporanspiration (ETo) or Reference Crop Evapotranspiration is the rate of 

evapotranspiration (ET) from imaginary grass reference crop with certain characteristics 

or it may simply be called a reference surface, providing unlimited water supply. Due to 

ambiguities in the other denominations such as potential ET which have ambiguities in 

their definitions, its use is strongly discouraged.  

The idea of ETo was launched to study the evaporative demand of the atmosphere 

independently of crop type, crop management and development works. Since water is 

freely available at the reference evapotranspiring surface, soil factors do not affect ET. 

Specific surface related ET furnishes a reference which can be related to ET from other 

surfaces. It obviates the demand to classify a separate ET rank for apiece crop and phase 

of growth. ETo values computed for several seasons or various locations are analogous 

once they refer to same ET reference surfaces. 

 

ETo may be calculated from climate data and considered as derived climatic parameter as 

they are the only factors that affect the ETo. ETo does not take into consideration either 

soil factors crop characteristics, on the other hand it expresses the atmospheric 
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evaporating power at a given time and location. Since Penman-Monteith method (FAO, 

1998) explicitly incorporates both aerodynamic as well as physiological parameters, at 

the same time and closely approximates grass ETo and missing data, hence it is 

recommended by FAO. 

 

Reference Evapotranspiration (mm) whether by Penman (adopted by FAO) or 

Thornthwaite methods, both are related to climatic variability. In fact, both precipitation 

and potential evapotranspiration have been employed for classification of Bioclimatic 

aridity in a globally comparable manner. In mathematical terms UNESCO (1979) used 

aridity/humidity classification system based on total annual precipitation (P) divided by 

total annual potential evapotranspiration (Eo).  Potential Evapotranspiration according to 

UNESCO (1979) is computed by Penman formula (developed under FAO) requires data, 

which is not observed or easily found in most regions of the world. This problem 

triggered the UNEP (1992) to propose a similar approach which was based on a more 

simplified technique for the calculation of Potential Evapotranspiration proposed by 

Thornthwaite (1948). This index proposed by UNEP and used by FAO is widely known 

as Aridity Index. Nieuwolt (1981, cited in FAO Technical Note 179), Nieuwolt (1982) 

used ARI in quantifying Agricultural Drought in Peninsular Malaysia. A similar approach 

is employed in the calculation of Agriculture Rainfall Evapotranspiration Index (AREI). 

Evapotranspiration (Eo) by Thornthwaite (1948) is calculated as mentioned in 10.4.4. The 

evapotranspiration (Eo) formula by Penman adopted by FAO is as follows: 
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where:  

Eo = reference evapotranspiration [kg m-2 day-1] 

Rn = net radiation at the crop surface [MJ m-2 day-1] 

G = soil heat flux density [MJ m-2 day-1] 

T = mean daily air temperature at 2 m height [°C] 

u2 = wind speed at 2 m height [m s-1] 

es = saturation vapour pressure [kPa] 
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ea = actual vapour pressure [kPa] 

es - ea = saturation vapour pressure deficit [kPa] 

D = slope vapour pressure curve [kPa °C-1]  

g = psychrometric constant [kPa °C-1] 

 

The methods for calculating evapotranspiration from meteorological data require various 

climatological and physical parameters. Some of the data are measured directly at PMD 

Observatories. Other parameters are related to commonly measured data and have been 

derived with the help of a direct/ empirical relationship. The source, measurement and 

computation of all data required for the calculation of the reference evapotranspiration by 

means of the FAO Penman-Monteith method and appropriate procedures for estimating 

missing data have been discussed as follows:  

 

Mean monthly temperatures (mean, maximum, minimum), vapour pressure, wind speed 

have been obtained from PMD, Karachi. Since many PMD stations are hill stations (i.e. 

height of the station above sea level is more than 500 m), atmospheric pressure (P in kPa) 

has been computed as described in FAO Paper# 56 (1998).   

The psychrometric constant, g, is given by: 
λε

γ
Pcp=  

where:  

γ  psychrometric constant [kPa °C-1] 

P  atmospheric pressure [kPa] 

λ  latent heat of vaporization, 2.45 [MJ kg-1] 

cp  specific heat at constant pressure, 1.013 10-3 [MJ kg-1 °C-1] 

ε  ratio molecular weight of water vapour/dry air = 0.622 

  ⎟
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Z is station elevation above mean sea level. 

The specific heat at constant pressure is the amount of energy required to increase the 

temperature of a unit mass of air by one degree at constant pressure. Its value depends on 

the composition of the air, i.e., on its humidity. For average atmospheric conditions a 
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value cp, 1.013 10-3 MJ kg-1 °C-1 can be used. As an average atmospheric pressure is used 

for each location (Equation 7), the psychrometric constant is kept constant for each 

location. 
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where : 

∆ slope of saturation vapour pressure curve at air temperature T [kPa °C-1] 

T  air temperature [°C] 

exp[..]  2.7183 (base of natural logarithm) raised to the power [..] 

 

Net solar radiation has been calculated by Angstrom formula: 
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Ga  extraterrestrial radiation [MJ m-2 day-1] 

Gsc  solar constant = 0.0820 MJ m-2 min-1 

dr  inverse relative distance Earth-Sun  

ω s  sunset hour angle [rad] 

ϕ  latitude [rad] 

δ  solar decimation [rad] 

a,b regression coefficient 

n observed sunshine hours [hours] 

N day length [hours] 

Ga is expressed in MJ m-2 day-1 and the corresponding equivalent evaporation in mm day-

1 is obtained by multiplying Ra by 0.408. The latitudeφ , expressed in radians is positive 

for the northern hemisphere and negative for the southern hemisphere. Only five 

Meteorological Stations are recording solar radiation and twenty-three sunshine hours. 

The only measure of light intensity available at almost all Meteorological Observatories 
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is a measure of the degree of cloudiness, commonly expressed in oktas, where a clear day 

gets a value of zero (0) and an overcast day a value of eight (8). Doorenbos, et al. (1977) 

suggest the following rough guide, Table 10.4: 

 
Table 10.4 

Degree of Cloudiness and n/N ratio 
Cloudiness 0 1 2 3 4 5 6 7 8 
N/n ratio 0.95 0.85 0.75 0.65 0.55 0.45 0.30 0.15 0 

 

Reddy (1974) established the following relationship: 

211 ff
N
n

+−=  in which 25.0
1

−×= eaf  and ( )φcos08.002.02 ×+=f  

In this equation:  

8/)( HML CCCa ++=  

(CL = amount of low clouds, CM = amount of medium clouds, CH = amount of high 

clouds in oktas) 

 φ = Latitude in degrees 

So at 15o N and a measured degree of cloudiness of 5, we can calculate n/N as follows: 

 a = 5/8, this means 51.01 =f  

 φ =15oN, this means 06.02 =f  

This leads then that 55.006.051.01 =+−=
N
n  

In this way, a Table (10.5) can be prepared for various degrees of cloudiness at various 

latitudes: 

Table10.5 

Relation between n/N ratio and the Degree of Cloudiness at Various Latitudes. 

Latitude 1 2 3 4 5 6 7 8 
20o N 0.92 0.81 0.71 0.61 0.52 0.43 0.34 0.25 
15o N 0.95 0.84 0.74 0.64 0.55 0.46 0.37 0.28 
10o N 0.97 0.86 0.76 0.66 0.57 0.48 0.39 0.30 
05o N 0.98 0.87 0.77 0.67 0.58 0.49 0.40 0.31 
00o N 0.99 0.88 0.78 0.68 0.59 0.50 0.41 0.32 
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Fig.10.21.1 Relation between cloudiness (oktas) and % age bright sunshine hours (n/N) 

for 9 locations in Thailand, and estimated values from Reddy (1974) and Doorenbos and 

Pruitt (1977) 

 

Fig.10.21.2 Estimated relationships between cloudiness (oktas) and % age bright 

sunshine hours (n/N) for 93 latitude ranges, based on 9 locations in Thailand 

 

Both estimates made by Reddy, Doorenbos and Pruitt, are compared in Figs.10.21.1 and 

10.21.2 with pairs of cloudiness and sunshine data as observed in Thailand. From these 

figures, it becomes clear that n/N is underestimated if either the rough approach of 

Doorenbos or that of Reddy is used. The ratio of bright sunshine decreases slowly 

between okta values of cloudiness of 2 - 5, but more rapidly at higher degrees of 

cloudiness. When the locations are grouped in various latitude ranges, as is done in 

Fig.10.22.2, the following approximate values for n/N as related to degree of cloudiness 

have been given in Table10.6. 

 
Table 10.6 

Approximate values for n/N as related to degree of Cloudiness 
Latitude 2 3 4 5 6 7 
15-20o N 0.82 0.78 0.74 0.66 0.56 0.38 
10-15o N –– –– –– 0.74 0.61 0.47 
0-10o N –– –– –– 0.75 0.71 0.55 

 

The equation proposed by Reddy (1974) has been recalibrated for latitudinal extent of 

Pakistan and value of 1f , 2f , and n/N are rewritten as follows: 

TC
T eCf ×−×= 45.0

1  ( )φcos0085.00068.02 ×+=f  

211 ff
N
n

+−=
 

where CT is the total cloud cover in oktas.  

According to WMO data dissemination procedure, besides amount of individual clouds 

amount, the observatory/station should also disseminate the amount of total clouds cover 

(N) in SYNOP message section-1 of group Nddff. Technically, sum of amount of 

individual cloud(s) genera (low, medium and high) in setion-3 groups 8NChshs  may be 
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equaled or exceeded than the total sky cover at the time of observation which may lead to 

an error in calculation of a = (CH+CM+CL)/8. Therefore, (CH+CM+CL)/8 has been 

replaced by CT.  

( )42.58.67ln
87.4

2 −
=

Z
uu z  

where:  

u2  wind speed at 2 m above ground surface [m s-1] 

uz  measured wind speed at z m above ground surface [m s-1] 

z  height of anemometer above ground surface [m] 

⎥
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where:  

es saturation vapour pressure at the air temperature Tdew  [kPa] 

ea actual vapour pressure at the air temperature Tdry  [kPa] 

Tdew  dew-point temperature [°C] 

Tdry  dry-bulb temperature [°C] 

 

10.5.1 Aridity Anomaly Index 

 

Drought Research Unit of India Meteorological Department at Pune is using Aridity 

Anomaly Index (AAI) for monitoring agricultural drought (IMD Technical Circular No. 

2/2007). This index was also used by Appa Rao, et al. (1981), George , et al. (1975), and 

Sarkar (2001) for analysis. Sarkar (2001) described the methodology for calculating 

agricultural drought index as follows:  

 

 ⎟
⎠
⎞

⎜
⎝
⎛ −

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

PET
ETPET

needwater
deficitwaterIa

     Ia is called the Aridity Index
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where AE is actual Evapotranspiration obtained from water balance procedure by 

Thornthwaite’s concept and PET is Potential Evapotranspiration by Penman which 

required temperature, solar radiation, relative humidity and wind data. 

 

For the sake of computing anomaly, long-term weekly/fortnightly/monthly values of 

Aridity Index are computed. The difference between actual AI in any week/ fortnight/ 

month of the crop season and the normal AAI expressed as a percentage called Aridity 

Anomaly Index which represents water stress condition. Based on the AAI the incidence, 

spread, intensification and cessation of different drought intensities on weekly/ 

fortnightly/ monthly basis is monitored. Following criteria, given in Table 10.7, are used 

in defining various agricultural drought intensities. The AAI expressed in percentage is as 

follows: 

( ) 100×⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
=

a

aa

I
IIAAIIndexAnomalyAridity

 

 

Table 10.7 
Aridity Anomaly Index 

 Anomaly of AI Associated Drought Intensity 
1 – 25 Mild 
26 – 50 Moderate 
>50 Severe 

 

10.5.2 Agriculture Rainfall Index (ARI) 

 

Nieuwolt (1981, cited in FAO Technical Note 179), Nieuwolt (1982) used ARI in 

quantifying Agricultural Drought in Peninsular Malaysia. 

ARI is given by: 100×⎟
⎠
⎞

⎜
⎝
⎛=

PET
PARI  

where : 

 P   = monthly precipitation 

          PET = monthly potential evapotranspiration 

ARI less than 40 is considered as Agricultural Drought. 
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10.5.3 Standardized Rainfall Evapotranspiration Index (SREI) and It Analysis of 

Pakistan 

 

Standardization or z-scores is the most commonly used method in field of social science. 

It converts all indicators to a common scale with an average of zero and standard 

deviation of one. Standardization takes into account the difference in score between 

individual entities in the data series, spread between top and bottom entity; therefore 

standardization can help in the convert onto indices. Potential evapotranspiration is of 

great importance in agriculture for assessment of floods/droughts hazards and in water 

planning and management. PMD has not recorded conventional evaporation data at the 

stations having long-term climate data. Bulk amount of remote sensing data requires 

models and computer clusters, which was not readily available at the Federal Urdu 

University and University of Karachi. The index is able to reflect short-term dry 

conditions, irrespective of seasonality, regarding it to be spatially comparable, thus it is 

suitable for analysis of agricultural drought. 

 

Standardized Rainfall Evapotranspiration Index (SREI) proposed in this study is a simple 

index. It is the ratio of supply and demand to atmospheric water. UNESCO (1979) and 

UNEP (1992) used annual basis approach termed as aridity/humidity classification for 

this purpose. UNESCO used Penman’s formula for potential evapotranspiration while 

UNEP proposed Thorthwaite’s (1948). Both indices are widely used and known as 

Aridity Index. The ratio of demand (evapotranspiration) to supply (precipitation) is 

commonly known as dryness or aridity index.  In this proposed study Blaney-Criddle 

(1959) formula has been chosen due to its simplicity.  Blaney-Criddle (1959) is written in 

metric unit as: 

 
where 

E   = potential evapotranspiration (mm) from a reference crop 

Ta  =  mean air temperature (oC) (monthly/annual) 

Lday  = day length ratio of observed to the actual in percentage 
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c           = vegetation coefficient, 1.2 for natural vegetation and 0.5 for orange 

tree, 0.85 has been taken in this study. 

In the above mentioned formula Lday has been substituted by proposed modified Reddy 

(1974) method mentioned in section 10.5. The same gamma distribution function which 

is used in SPI has been used in SREI too. This probability distribution function when 

applied on normalized ratio of precipitation to potential evapotranspiration, yields values 

as z-score which were permits evaluation of dry and wet periods and its accrued values of 

drought severity (i.e. magnitude). Coefficient has been used for assessment of soil 

moisture condition. For simplicity reasons two parameters, the potential 

evapotranspiration (preferably Blaney-Criddle) and recorded precipitation (rainfall) have 

been considered in the present analysis. 

 

Thus, three meteorological observations (rainfall, temperature and total cloud amount for 

calculating sunshine hours) are needed in SREI. It is a multiple time scale and allows 

temporal flexibility in evaluation of P/E i.e., supply and demand of water on ratio of 

atmospheric water supply (precipitation) to demand (potential evapotranspiration) 

conditions. The standardized value easily communicates climate anomalies in terms of 

spatial extent, frequency, duration and intensity.    

 

The ratio of demand (evapotranspiration) to supply (precipitation) is commonly known as 

dryness or aridity index.  This ratio helps in finding how dry is dry a place or region. 

Thus, the intensity of dryness is represented by the severity of drought. Long term mean 

of the respective stations have been taken as threshold value for calculating the intensity 

of drought.  This index is very useful in the evaluation of temporal as well as spatial 

impacts of dryness and assessment of the severity of any particular year. Short time scale 

P/E anomalies reflect soil moisture conditions while and long term P/E anomalies that of 

groundwater, stream flow and reservoir storage conditions. Short time scale evaluation is 

good for agriculturists while long term time scale is good for environment and water 

resource managers. SREI reveals great resemblance to the z-score (standardized) and is 

quite similar to the following graph (Fig.10.22).  
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Fig.10.22     SREI is a normal distribution 

  

SREI helps in the determination of drought characteristics.  Drought spells correspond to 

–ve and Flood to +ve SREI values. SREI adopted the same criterion as SPI (see Table 

10.1 in section 10.3.2) for ratio of precipitation to evapotranspiration. Onset of drought is 

defined by -1 or less and terminates when it becomes +ve. Duration of drought is defined 

by the onset and retraction of the event. Drought magnitude during the drought duration 

is the sum of the SREI values. The SREI of various time scales have been analyzed for 51 

meteorological stations of Pakistan and similar result as SPI was found as produced in 

section 10.3.3. Similarly, average SREI for all five provinces and country-wide of 

aforementioned time scale conferred the identical results. Country-wide SREI have been 

depicted in Figs.10.23.1 to 10.23.6 for comparison. Therefore, the finding for each station 

and each province has been left un-interpreted.  

 

Conceptually, the SREI is equivalent to the z-score, often used in statistics: 

  
( )

( )ii

ii
i

i
ii

EP

EP
E
P
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Z

μ

σ )( −
=  

where Z (z-score) expresses the ratio of precipitation to potential evapotranspiration (P/E) 

score’s distance from the average ( EP / ) i.e. anomaly in Standard Deviation (St.Dev.) 

units. 

 

Figs.10.23.1 to 10.23.6      3-, 6-, 12-, 24-, 36-, and 48- months of SREI for the period 
1961-2010 

 

Figs.10.24(a) to  (f)  Spatial  distribution  of  SREI for the years  
(a)  (a) 1997  (b) 1998 (c) 1999 (d) 2000 (e) 2001 and (f) 200 

 

Precipitation deficiency is a permanent feature of Pakistan since a large area of it is 

categorized as arid or semi arid. This feature is explicitly revealed in spatial the 

representation of SREI (Figs.10.24(a) to (f)). The onset of drought in 1998 and its retreat 

in 2003 is clearly identifiable in these figures. 
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10.5.4 Standardized Precipitation Evapotranspiration Index (SPEI) and its Analysis 

for Pakistan 

 

Drought is commonly accepted as a multi-scalar phenomenon. The accumulated water 

deficit, time scale and functionality are extremely important. It separates droughts into 

categories and is useful for monitoring and management of different usable water 

resources including ground water, soil moisture, river discharges, snowpack and reservoir 

storages. Precipitation plays a major role in calculating duration and monitoring drought 

(Alley, 1984; Oladipo, 1985 and 1995; Chan, et al., 1991). 

 

SPI is a multi-scalar drought index and reliance on the variability of precipitation is much 

higher and the other variables are stationary i.e. no temporal trend, therefore negligible; 

hence, many similar drought indices are controlled by the temporal variability in 

precipitation. Multi-scalar drought indices are suitable for distinguishing different types 

of droughts and different water resources (Szalai, et al., 2000; Serrano, V., 2007; Serrano, 

V., et al., 2005). The role of heat waves, influence of temperature variability, role of heat 

waves and global warming scenarios, are not accounted for. Some indices incorporate 

these slow climatic variables but not multi-scalar e.g. PDSI.  

 

Empirical studies during the last past 150 years reveal increase in temperature between 

0.5 to 2°C and further increase is expected during the 21st century. Consequently, 

increase in water demand, frequency/severity of drought occurrence and intensified 

evapotranspiration. The SPEI is based on precipitation and evapotranspiration. It 

combines the sensitivity to changes in evaporation demand triggered by temperature 

fluctuations and trends and multi-temporal nature. Its average value is zero, according to 

Log-logistic distribution a value corresponding to 50% of the cumulative probability of 

(D) of Precipitation (P) and Evapotranspiration (PET). Its standard deviation is one. SPEI 

is statistically robust, easy to calculate with simple, graspable calculation procedure and 

fulfils the Keyantash and Dracup (2002) prerequisite. The D is the simple measure of 

water deficit and surplus. The ratio of P to PET is aridity index in annual context and 
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suitable for drought index and global warming processes. PET zero is common during 

winter in many regions of the world and is mathematically undefined. The difference D 

may be computed for any time scale e.g. week, decade, fortnight or month, etc. and 

denoted as water surplus/deficit of that time scale. Scientists found Log-logistic 

distribution a suitable model for D series. Consider three parametric Log-logistic 

probability density functions: 

 
Where shape parameter β is calculated as: 

 
Scale parameter α as: 

 
and origin parameter γ as: 

   
Where    Г(β) is gamma function of β 

According to Log-Logistic distribution, the probability distribution function of D as given 

by: 

   

Classical approximation of SPEI with F(x) by Abramowitz and Stegun (1965) as: 

 
where:  

    for     P  ≤ 0.5 

and P=1-F(x) is probability of exceeding a determined D value, P is interchanged by 1-P 

at the value P>0.5 so the ensuing sign of SPEI is inverted. The constants are: 

C0 = 2.515517   C1 = 0.0802853  C2 = 0.010328 

d1 = 1.432788   d2 = 0.189269   d3 = 0.001308 

Table 10.8 shows the values of SPEI, their frequencies and nominal class description.   

Table 10.8 
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The Values of SPEI, their Frequencies and Nominal Class Descriptions 
State Class Criteria Cumulative          

Probability (%)     
1 extremely wet 2.00 or more  2.3 
2 very wet 1.50 to 1.99 4.4 
3 moderate wet 1.00 to 1.49 9.2 
4 mild wet 0.99 to 0.00 34.1 
5 mild dry 0.00 to -0.99 34.1 
6 moderate dry -1.00 to -1.49 9.2 
7 severe dry -1.50 to -1.99 4.4 
8 extreme dry -2.00 or less 2.3 

 

SPEI analysis reveals that frequency of mild drought is common in the country. If it is 

perceived as to which areas of world had greenery in the past, where there are deserts and 

where nature has provided flowing river or where man has provided irrigation (e.g. Aral 

Sea) (Glantz, 1999; Phillip, 2002). The question arises as to why desert soils are virgin? 

Answers may be a combination and permutation of the following: 

– All the deserts receive good solar energy which is the requirement of agriculture 
– Solar energy reflects itself, consequently there is rise of temperature in arid lands 

also; a factor in transforming itself into pressure gradient (dp/dx) resulting in 
strong winds 

– The wind so generated is a positive factor for cross pollination, which introduces 
germination 

– As technology progresses, more and more cultivable land will be consumed by 
urbanization, leading to reduction in agricultural area 

– It will mean exploring the world for new agricultural areas preferably in 
tropics/sub-tropics 

 

It is easy to use, cover multi- time scales, no hydrological model required and only needs 

temperature and precipitation data of station. The 12 months time scale SPEI for different 

stations of Pakistan have been prepared and depicted in Figs.10.25.a to Fig.10.29.f.  

Figs.10.25.a to 10.25.h   12 months time scale SPEI for the stations of GB/AJK  

(a) Astore (b) Bunji (c) Chilas (d) Garhi Dupatta  

(e) Gilgit (f) Kotli (g) Muzaffarabad and (h) Skardu 

 

Figs.10.26.a to 10.26.h 12 months time scale SPEI for stations of Balochistan  

(a) Barkhan (b) Dalbandin (c) Jiwani (d) Khuzdar  
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(e) Lasbela (f) Panjgur (g) Quetta  and (h) Zhob  

 

Figs.10.27.a to 10.27.h 12 months time scale SPEI for stations of KPK/FATA –  

(a) Balakot (b) Chitral (c) D.I.Khan (d) Dir (e) Drosh  

(f) Kakul (g) Parachinar and (h) Peshawar 

 

Figs.10.28.a to 10.28.h 12 months time scale SPEI for stations of Punjab –  

(a) Bahawalpur (b) Faisalabad (c) Islamabad (d) Jhelum  

(e) Khanpur (f) Lahore (g) Multan and (h) Sialkot  

 

Figs.10.29.a to 10.29.h 12 months time scale SPEI for stations of Sindh – (a) Badin  

(b) Chhor (c) Hyderabad (d) Jacobabad (e) Karachi  

(f) Nawabshah (g) Padidan (h) Rohri 

 

Figs.10.30.1 to 10.30.1 12 months time scale SPEI for the province of (1) Sindh  

(2) Balochistan (3) KPK (4) Punjab (5) Sindh and 

(6) countrywide 

 

The 12 months time scale SPEI for all five provinces and countrywide have been 

prepared and depicted in Figs.10.26.1 to Fig.10.26.6 The nation faced severe drought 

during 1999-2004. Moderate Agricultural Drought occurred in GB/AJK at the stations 

Astore, Bunji, Chilas, Garhi Dupatta, Kotli, Muzaffarabad and Skardu in 2000 and mild 

in 1999 and 2001, except for Muzaffarabad which endured severe drought during 2000-

01. Sindh and Balochistan provinces faced worst drought in the same period. Moderate 

drought was observed throughout both the provinces. Barkhan, Dalbandin, Khuzdar and 

Zhob in Balochistan and Chhor in Sindh faced severe drought. Mild and moderate 

droughts have also been observed in Punjab and KP provinces. Balakot in 1998 and 

Peshawar in 2000 faced extreme drought, while moderate drought has been wide spread 

in the KPK/FATA in the years 1999-2004. Faisalabad and Jhelum experienced severe 

drought in 2000. The Punjab province experienced moderate drought during the period 

1998 to 2004.   
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Of all the crops, major sufferer was wheat. Punjab is already reducing its estimates from 

19 to around 17 million tonnes and fears further recession (DAWN, 01 February, 2010). 

Its worry is that the crop of more than 60 days would hit the booting – make or break – 

stage by mid-February. If the current conditions continue, the crop would be further 

endangered. 

The official advisory of applying 02% urea and potassium chloride (KCl) solution, spray 

of anti-transpirant at vegetative stage – a costly proposition though – sprinkling, 

mulching or hoeing are beneficial but in no way insurance against drought damages 

(DAWN, 01 February, 2010). 

 

In barani areas, wheat acreage was already down by 19 % (or 500 000 acres) in rabi 

2009-10. Out of the sown 1.3 million acres, around 400 000 acres already stand severely 

damaged (DAWN, 01 February, 2010).The rest still have some hope, though fading by 

the day. How they withstand termite attack, a normal condition in drought, would 

determine final yield from the area. 

 

10.6 CONCLUSION 

 

Permanent droughts are characteristic of arid regions of the world as revealed by 

atmospheric drought analysis of the 51 meteorological stations in Pakistan. Permanent 

drought features have been found in almost all the arid stations. Balochistan is the most 

and KP/FATA the least affected province. About one third land surface of Pakistan is 

found to be under the threat of permanent meteorological drought. The intensity and 

duration of prolonged drought has been clearly identified by 36 and 48 months SPI 

analysis. 03, 06, and 12 months SPI may be considered for agricultural purposes. 24, 36 

and 48 months SPI analysis may be utilized for water management planning purposes. To 

overcome lack of rainfall and utilize a range of alternative strategies in order to provide a 

reliable water supply, including the exploitation of deep groundwater and preserving the 

excess water received during monsoons that cause flood like situations especially on 
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eastern rivers i.e., Sutlej, Beas and Ravi; by developing small scale water bodies or 

barrages for the use of future dry spells.  

 

The SSDI analysis revealed a rising tendency in all three western river inflows. The SSFI 

and SPI Analysis revealed that whenever Atmospheric Drought persists and its intensity 

persisted for a long period of time e.g. in 1999-2005, Hydrological Drought also occurred 

during the same period.  Seasonal Droughts occur in many areas on the margins of arid 

regions where there is a strong seasonality in the precipitation regime and in equatorial 

regions, dominated by monsoon climates. Ironically, many of the monsoon regions that 

experience seasonal drought also experience seasonal flooding, so does Pakistan. 

Agricultural Drought occurred in the barani area as a consequence of Atmospheric 

Drought.  

 

Contingent Drought occurs when lower than average rainfall conditions persist for 

months or even years in environments where the expectation of rainfall is high and in 

which an alternative water supply infrastructure has not been developed.  

 

An Agricultural Drought, sometimes referred to as an Invisible Drought, is one in which 

rainfall appears to be adequate to sustain agricultural production but evaporation rates are 

higher than normal, causing plant stress and a reduction in crop yield. It is rarely detected 

as a result of an examination of rainfall statistics alone, because account needs to be taken 

of the water balance, which determines the relationship between rainfall, run-off, and 

evaporation. SPEI analysis indicated that Agricultural Drought prevails, together with 

Hydrological and Atmospheric Drought in the country. During 1998-2002 period 

Agricultural Drought dominated through out the country especially Sindh and 

Balochistan where SPEI analysis revealed its impact as being 100%. SPI, SSFI and SPEI 

analysis indicated that during this period Meteorological, Hydrological and Agricultural 

Drought occurred simultaneously and this was the ideal period to study the socio-

economic impact of drought over Pakistan.    
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Physiological Drought is a form of drought in which plants suffer from an excess 

concentration of salt in the soil. It is common in irrigated dry-land areas especially in the 

deltaic region of Indus. Although, the soil contains sufficient quantities of water, high 

salinity prevents plants from taking up enough water for proper growth of the crop. Low 

amount of Indus stream flow into the Arabian Sea, results in reverse flow of saline water 

of the Arabian Sea into the Indus delta. Survey and Satellite pictures (Fig.10.27) indicate 

that mangrove jungles have been destroyed due to human activity; consequently 

Physiological Drought has been induced in southern Punjab. Mangroves are good 

absorbers of tsunami waves. 

 

Fig.10.31 A Satellite View of the Indus Delta Mangroves (Shah, et al., 2007) 

  

Along with building new water resources, which should be the most essential part of the 

new agricultural strategy, the country must develop a total new range of seeds for almost 

every crop. These seeds have to be resistant to three stresses – water shortage, 

temperature and salts. 

 

Once these seeds are developed, their production protocols would have to be taken to 

farmers and the extension wings trained accordingly. The most recent drought (setup in 

mid 1998) must provide basis for that crucial first step, because Pakistan cannot afford 

failure on this front. It is time for piecing together what is required for a new kind of 

agriculture. 

  

 

According to the PMD, two of the droughts namely Meteorological and Hydrological, 

occur when rainfall is 40 % below the expected rainfall in any area for an extended 

period and there is a sustained deficit in surface runoff below normal conditions, 

respectively. Most parts of the country are under severe meteorological drought 

conditions because no appreciable rainfall has occurred over the four monsoon months in 

2002. The country has been experiencing Hydrological Drought because the availability 
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of surface water in major reservoirs has aggravated due to 30% below normal rain during 

the monsoon and persistent long dry spell afterwards. 

 

Given these worsening conditions, the agriculture planners, who hitherto had not lost 

hopes, now fear serious failure of lintel, peanuts, gram and wheat crops in barani (rain-

fed) areas and are worrying about irrigated areas. Though they are reluctant to estimate 

final losses in all the three areas, they confess that it is a threatening scenario, beyond 

redemption. There is no available remedy for the situation, except for praying for 

celestial intervention in the form of rains. Planners confess that they can recommend only 

cosmetic measures, which would not have any impact on crops. 

 

Gram, the fourth largest crop that covers around three million barani acres, is going to be 

another casualty. Punjab hoped to cross its target of 553 000 tonnes, with average per 

acre yield of 261 to 265 kg per acre. But the crop was in flowering stage and without 

water. The country ended up importing even lintels and pulses in 2010, further swelling 

its Rs.300 billion import bill of items that fell under “food group.” 

CONFUSING!!!!!!!!!!!!!!!!!!!!!!!!!!! 

 The sugarcane crop tumbled over in 2004-2006 with a drop of 30 % in 2007- 08. 

Another 6% was gone in the year 2009. Cane prices were up by 100 to 150% in 2009. 

Sugarcane sown in December 2010 was another casualty. A combination of factors – 

severe water stress and lack of quality seed – created a big hole in cane production in 

2010 and it kept the sugar market quite unstable.  

 

With El-Nino effects now considered as a part of life throughout the world, in countries 

like Pakistan agriculture needs to be the focus of all development strategies. 
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Chapter – XI 

DROUGHT - A SOCIO-ECONOMIC STUDY 
 

11.1 PREAMBLE 

 

Drought has hit Pakistan and its neighboring countries between 1998-2002 (Levinson,    

et al., 2004; Waple, et al, 2003; Watson, et al., 1998). Balochistan, Sindh and southern 

parts of Punjab are the most drought affected (Ranganath, et al., 2006). Some 3 49 000 

people were affected during the drought in search of urgent assistance to mitigate serious 

water shortage, livestock feed, etc. (FBS, 1998). The consequence of the drought can be 

guesstimated from the SBP’s report that during January to March of fiscal year 2001-’02 

drought cost the national exchequer some US$ 927 million (SBP, 2002). 

 

Droughts can have complex, widespread impacts. It may have direct/primary impact (e.g. 

lessened crop area or productivity) or indirect/secondary (e.g. trimmed down farmer’s 

income). Environmental factors have profound impact on social and economic conditions 

of any area. Whatever, the combination of impact, drought is a hazard with prolonged 

and pronounced after effects, more so in Pakistan, necessitating its analysis in order to 

provide suggestions both in meteorological as well as in geographical terms, since 

science has now become multidisciplinary in nature . 

 

There is no customary definition of drought (Botterill, et al., 2002). Drought may be 

categorized as Meteorological (lack of rain), Hydrological (lack of surface water), 

Agricultural (lack of soil moisture) and / or Socio-Economic (social as well as economic 

consequences). Droughts are extended periods when regions experience shortage of water 

supply (Beran, et.al., 1985). Time and again below normal precipitation in a region 

usually has vast impact on the socio-economic setting of regions. Droughts may carry on 

for a number of years. Short and severe drought may lead to considerable damage. 

Impacts of drought can be reduced by preparedness and management but it cannot be 

avoided. Amongst other reasons, success of both aforementioned conditions depends on 

drought magnitude and duration (Smakhtin, et al., 2004).  
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Drought has an impact on both ecosystem as well as agriculture of the affected region. 

Farmers and agribusiness as well, suffer from droughts and water shortage, resulting in 

unemployment and deficit in government tax revenue. Shortages of goods, increase in 

prices, plant diseases, and increases in insect infestations, wind and water erosion, 

loss/reduction in wetland, increased forest fires, problems to forests through insects and 

diseases and damage to tourism industry are the aftermaths of droughts. Famine, return 

migration of inhabitants, homelessness, social disorder, ill health, premature death are 

among the other negative impacts (Odongkara, 2002). 

 

Environmental losses include damage to wildlife habitat, plant and animal species, air 

and water quality. Short-term effect of drought terminates on its withdrawal. However, 

environmental effects persist even after the culmination of drought and may lead to loss 

of vegetation, reduction of lakes and wetlands and wildlife habitat or total wiping out of 

some species of animals.  

 

Social impacts include those related to public safety, health, quality of life and conflicts 

between water users, population migration and financial crisis. The 1950-’80 drought of 

Brazil reported a migration of 5.5 million people which created a major crisis in Brazilian 

economic development (United Nations, 1997).   

 

The drought of 1998-2002 was considered the worst of its type in Pakistan in the last 50 

years. Drought which initiated in 1997 intensified in the next year, reached its climax 

during 2000-’01 and subsequently weakened during 2002. This drought spanned large 

areas of Afghanistan and India too. Pakistan’s economic growth was hard hit being 

alleviated through USA’s donation of millions of dollars. Thousands of people were 

forced to migrate and millions of livestock were killed, 30 million cattle died, economic 

losses of $2.5 billion were incurred and economic growth rate was reduced from an 

average of 0 6 % to only 2.6 % in 2001 (IWMI, 2004). 
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The drought calamity affected 1.5 million people in about 26 districts; 2.0 million 

animals were killed in Balochistan. Noshki lying southwest of Quetta, close to Pak-

Afghanistan border had no precipitation at all during this period. In Sindh about 127 

people were killed in and around the vicinity of Tharparkar district, close to the Indian 

border, as a result of dehydration and acute water shortage. Nearly 60% population 

migrated to nearby irrigated lands.  

 

Socio-economic analysis is the study of social as well as economic influences of any 

social and/or economic activity/activities on an individual or collective basis. The 

consequences can usually be evaluated in social, economic and statistical terms. The 

combined influences of social and economic factors are usually unique to each situation. 

The goal of such study is usually to carry out socio-economic improvement, normally in 

terms of enrichment of parameters such as levels of employment, literacy, life expectancy, 

GDP, etc. (Saaymana, et al, 2009). 

 

Climate change and 02oC mercury rise on the globe will seriously undermine food 

security. Similar meteorological phenomena can have impacts on harvests, in turn 

affecting socio-economic conditions (Mendelsohn, 2007; Fraser, 2006; Easterling, et al., 

2007). Climate change modeling experts use data based on limitations, e.g. biophysical 

modeling for crop growth emphasizes biotic limitation (Tan, et al., 2003).  Human 

adaptive capacity indicators obtain data from aggregated administrative unit 

census/statistics (Lobell, et al., 2008; Vincent, 2008). During occurrence of drought, food 

production systems become globalised. Access to food crop in case of failures is assumed 

to be a universal problem (Hazell, et al., 2008) thus the only issue in national scale 

economic models is that of price (Liu, 2008). 

 

Drought has harmful impacts on agriculture (Saleh, et al., 2007). Practically, in all 

developing countries, agriculture is and will remain a vital contributor to economies (Van 

Crowder, et al., 1998). GDP declines as desertification and drought lead to crop 

degradation and food shortage.  
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11.2 IMPACTS OF DROUGHT 

 

11.2.1 Environmental impacts 

 

Environmental impacts primarily include hydrological effects, e.g. reduced water levels 

in reservoirs, ponds and lakes, damage to flora and fauna, increase in dust along with 

pollutants and escalation in the number as well as severity of fires. 

 

11.2.2 Economic impacts 

 

Economic impacts include losses to water suppliers, hence increase in the cost of, and 

losses related to timber, fishery, agriculture and livestock production, leading to 

escalation of food prices consequent to decline in food production. Generally, economic 

effects, may comprise decreased rural land prices, energy related affects, losses in the 

transportation industry, as well as losses to the recreation and tourism industries. 

 

11.2.3 Social impacts 

 

Social impacts include increased conflicts over water, institutional restraints on water use 

leading to unpleasant effects on health, including physical and mental stress, disrupted 

cultural belief systems and overall reduction in quality of life. 

 

11.2.4 Impacts of Socio-economic drought 

 

Physical water shortage begins to affect the populace, individually and collectively in 

socio-economic drought either in terms of supply, demand and economic good or 

otherwise (i.e., elements associated with Meteorological, Hydrological and Agricultural 

drought). 

 

Occurrence of socio-economic drought depends on spatio-temporal processes of demand 

and supply. The supply of economic goods, viz., hydroelectric power, fish, food grains, 



364 
 

forage, water, etc. depends on weather. Due to variation of climate, supply of water may 

vary from abundance to scarcity from year to year. Plummeting of water supply related to 

weather unbalances the demand and supply of economic goods, e.g., in 1988–’89, as a 

result of drought, water shortage culminated in drastic reduction in the production of 

hydroelectric power, in Uruguay. In order to meet the power needs of the nation, 

government was compelled to implement stringent energy conservation measures and use 

of expensive (imported) petroleum (UNESCO, 2005). 

 

In majority of cases, demand of economic goods is directly proportional to both, per 

capita consumption and population. Improved technology, production efficiency, or 

enhanced storage capacity of surface water reservoirs may help increase water supply. 

Relative rate of change is the critical factor in the case of supply and demand of goods, 

both of which are increasing. Incidence of drought and vulnerability has been found to 

increase more rapidly than the actual supply of goods.  

 

 

11.3 REASONS OF DROUGHT IN PAKISTAN 

 

The reasons of drought in Pakistan, during the years 1998-2002 have been considered. The 

cross check of previous countrywide droughts by survey is impractical due to a large lapse 

of time. The reports of different NGOs and international agencies have, therefore, been 

considered in the study.  

 

In comparison to total geographic area of Pakistan, which is 79.6 million ha, the arid and 

semi-arid areas cover approximately 68 million ha (85%). Although, Pakistan has an 

efficient surface irrigation system yet the rain fed area is only approximately 23% of total 

cultivated area (Mahmood, et al., 1990). In view of this fact an insight into drought prone 

areas is necessary for providing practical solutions.  Hence, drought studies are important 

in order to keep the inhabitants of drought affected areas alert. In order to decipher the 

socio-economic impact of drought, the most recent drought (1998-2002) spell of the 

country has been considered in this chapter.  With this end in view, bar chart of 
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percentage departure of yearly precipitation from normal has been produced in Figs.11.1 

to 11.3. The provincial and country - wide departure of yearly precipitation from normal 

has been depicted in Figs.11.4 (a) to (e) and Fig.11.4 (f). 

 
Fig.11.1     Annual Precipitation Anomaly (APA) (%) of Pakistan for the years  
  (a) 1997 (b) 1998 and (c) 1999 
 

Fig.11.2     Annual Precipitation Anomaly (APA) (%) of Pakistan for the years  
(a) 2000 (b) 2001  and (c) 2002 

 
 
An area is categorized as drought prone, if the rainfall departure related to area’s normal 

is between ± 25%. This criterion takes into account the mean precipitation which varies 

from one area to another. Under this criterion, drought is considered as moderate deficit, 

when precipitation deficiency lies between –30 to –45 % of the normal and severe deficit 

if the deficiency is in between – 45% to – 60% and extreme deficit if it is less than – 60%. 

Similarly, precipitation surplus more than 30% but less than +45%, is considered as 

moderate, between +45 and +60%, as severe and more than 60% as extreme flood (B. 

Parthasarathy ,et.al.,, 1975). Chaudhary, et al., (1992) has presented a similar concept, but 

in 25% of slices, i.e.  ±25% is normal, between -25 and -50% is moderate and below -50 

to -75% severe. It can be clearly seen in Figs.11.4 (b) and 11.4(e) that Balochistan and 

Sindh fall in the region of severe to extreme drought conditions. 

 
Figs.11.3     Annual Precipitation Anomaly (APA) (%) of Pakistan for the years  

(a) 2003 (b) 2004  and (c) 2005 
 
Fig.11.4  Rainfall Anomaly   (a) GB/AJK    (b) Balochistan   (c) KPK/FATA        

(d) Punjab  (e) Sindh and (f) country-wide for the period 1997-2010 
 

Analysis of climate data revealed that in the year 2000 only 3 stations, Chitral (KPK and 

FATA), Kotli (GB and AJK) and Sialkot (Punjab) received above normal 23.1, 2.2 and 

1.0 % precipitation, respectively. The situation continuously improved the next year, 

when 7 stations received above normal (in the range 2.3 to 48.1%) out of which 2 stations, 

Sibi and Lasbela in Balochistan, 1 station each at D.I.Khan in KP and FATA, and 4 

stations at Bahawalnagar, Bahawalpur, Faisalabad and Multan in Punjab. This situation 
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worsened again in 2002 when, only one station (Gupis in GB and AJK) received above 

normal precipitation (44.6%). In 2003, 36 stations received above and 16 below normal 

precipitation. This situation more or less persisted till 2007. The most affected provinces 

were Balochistan and Sindh. In Balochistan precipitation deficit analyzed was from -29 

to - 94% below normal, except Zhob where it was only -4, which is considered as a 

normal feature. Similarly, in Sindh, the percentage was -73 to - 98% below normal.  

 

The basic difference between Sindh and Balochistan provinces is in their variation of 

irrigation network density. Despite the marginal inadequacy of mean annual rainfall 

being only 496.6 mm, Pakistan has emerged as one of the world’s most arid countries; 

the Indus River being the lifeblood of economic and social wellbeing. The Indus 

cultivates 35.7 million acres under irrigation; otherwise Pakistan would have exhibited 

desert conditions over the years (International Bank, 2006). At present, Pakistan has the 

largest irrigation system in the world. About 80% of exports, one fourth GDP and two 

third employment of the country can be credited to this irrigated agricultural system 

(World Bank, 2007). 

 

11.4 DATA COLLECTION AND FIELD SURVEY 

 

Different national and international agencies, donor communities, (viz. FAO, UNDP, 

WFP, WB, ADB, etc.), resident missions in Pakistan and NGOs have responded during 

the drought (1998-2002). Their reports, surveys and concluding remarks have been 

adopted as first and authentic report on the incidence, to decipher the degree of drought 

severity. Surveys in few selected areas of most drought prone provinces of Sindh, 

Balochistan and southern Punjab have also been conducted. 

 

Precipitation and temperature data of 51 climate observatories of PMD have been used. 

Missing data has been obtained by gridded points showing spatial variation maps for the 

year under consideration. Tele-connection data of SOI, NINOs and IOD have been 

collected from NOAA web-site. Stream inflow data of Rim stations (Kalabagh, Marala 

and Mangla) has been obtained from WAPDA. Agriculture, social and economic data 
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have been collected from on-line database of Federal Bureau of Statistics, Pakistan 

(FBSP) and FAO. Economic data has been collected from World Bank URL. In some 

cases, data has not been found to be consistent/regular and has not been utilized in 

developing forecasting module e.g., demographic data has been collected every ten years, 

livestock data every five years, etc. 

 

This study comprises a survey of inhabitants living in most affected drought prone areas 

in Pakistan. The survey forms had been prepared in English, Urdu and Sindhi, cited as 

Annexures (II, III, and IV). Some of the matter submitted herein is extracted from 

government and international agencies, viz. SBP, PBS, FAO, WFP and UNESCO which 

gives guesstimate of the social and economic impact of drought on rural households. 

 

Thesis, published and unpublished material, research papers, articles, government census 

reports and census data carried out by Population Census Organization and Statistical 

Bureau of Pakistan have been used as basic source of secondary information. Systematic 

review of secondary source of electronic database (websites/URLs) was also carried out.   

 

Reports on drought for the latter period of the twentieth and initial part of twenty-first 

centuries (1998—2002) have been collected. Analysis on precipitation regime revealed 

that impact of water shortage has been observed in almost the whole area of Balochistan, 

most part of the Sindh and southern areas of Punjab in general but especially, district 

Khuzdar in Balochistan; Thar comprising Tharparkar and Badin located in Sindh and 

Cholistan comprising Bahawalnagar, Bahawalpur and Rahim Yar Khan located in Punjab 

were the most drought prone areas. Survey has been conducted in few villages of 

Khuzdar in Balochistan; Tharparkar and Badin in Sindh and the villages of Bahawalpur 

bordered to Bahawalnagar and Rahim Yar Khan in Punjab in order to decipher the impact 

of drought on social life and economic status of the inhabitants of the localities.  

 

11.5 PRECIPITATION FORECAST 
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Since the principal cause of droughts is deficit precipitation, efforts made in this regards 

are in terms of early prediction, which is presently in the form of quantitative values of 

precipitation. This is amongst one of the oldest meteorological activities being pursued in 

the sub-continent (i.e. Pakistan, India and Bangladesh).  

 

After the serious countrywide drought and famine in 1877, the Government of India’s 

anxiety for the earliest possible information about the progress of monsoons grew and as 

a principal government agency in all matters relating to seismology, meteorology and 

allied subjects, the first Chief Reporter of India Meteorological Department (IMD), Sir 

H.F. Blanford, appointed in 1875, was called upon to make attempts for estimating the 

prospective rains.  

 

Blanford issued tentative forecasts from 1882 to 1885, utilizing the indications provided 

by the snowfall in the Himalayas (Blanford, 1884). The success achieved, infused greater 

confidence and in 1885 it was decided that a monsoon forecast should thenceforth be 

issued annually, as a matter of routine. The first of the regular series of forecasts was 

given on 4th June, 1886 (Blanford, 1886). This is continuing practically till date with 

some changes in its format and content.  

 

 In 1892, Long Range Forecast (LRF) of rainfall for the second half of the monsoon 

season (August-September) was also commenced.  In December 1893, the first forecast 

for winter precipitation over Northern and Central India was issued. Sir John Eliot who 

succeeded Blanford as the Head of India Meteorological Department (IMD) in 1895 

applied subjective methods such as analogue and curve parallels for the LRF of ISMR 

(Eliot, J., 1896). The efforts for better forecasts continued during the period (1904-1924) 

of Sir Gilbert Walker, who took over as the Director General of IMD. 

 

 In 1908, Sir Gilbert Walker published six forecast formulae containing 22 predictors 

differentiated regionally for Indian monsoon forecasting. He produced pioneering work 

on the Southern Oscillation (Banerjee, et al., 1978). Sir Gilbert Walker initiated the 

forecasts based on objective techniques (Sir Gilbert Walker, 1910). He introduced 



369 
 

correlation and regression techniques for preparing long range forecasts. Walker was well 

aware that seasonal prediction could be put on a scientific footing only on the basis of an 

accepted theory of general circulation. In his quest for identifying potential predictors, for 

the LRF of monsoon rainfall over India, Walker discovered three important large scale 

see saw variations in global pressure patterns. These are Southern Oscillation (SO), North 

Atlantic Oscillation (NAO) and North Pacific Oscillation (NPO). 

 

1886 onwards, monsoon forecasts were issued for entire India and Burma. Walker 

realized that India, being more or less a continent, cannot be considered as one 

homogenous area as regards the distribution of rainfall. In 1922, he divided India into 

three main homogenous areas, namely, i) Peninsula ii) North West India and iii) North 

East India. In 1935, forecasts for NE India were discontinued for want of suitable 

predictors and skill of model development. The practice of issuing forecasts for two 

homogenous regions of India (NW India and Peninsula), was continued till 1987.  Sir 

Gilbert Walker developed and issued Indian monsoon forecast using the following 

regression equation: 

ZRMSAPMPHSAAIMR 12.028.029.020.0 −+−=  

where: 

AIMR  = All-India Monsoon Rainfall  

HAS  = Himalayan Snowfall Accumulation  

MSAP = Mean of South American Pressure  

MP  = Mauritius Pressure   and  ZR  = Zanzibar Rainfall 

 

11.5.1 Pakistan Precipitation Prediction 

 

Pakistan Meteorological Services started issuing the LRF of summer monsoon rainfall of 

Pakistan from 1950 (Chaudhary, 1992). Basically, these forecasts were based on 

regression equation developed by Walker (1908; 1910; 1918; 1924a; 1924b). Although, 

the efficiency of the forecast mostly remains unsatisfactory, no serious effort was made 

during the last fifty years to find any other predictors. However, the regression equation 

was revised once or probably twice, by calculating the regression coefficients during this 
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period; using the same predictors. No published material is available as regards 

prediction efforts of Pakistan monsoon rainfall, except for a few departmental articles. 

 

The main features of the regression equation presently used in Pakistan, for LRF of 

Pakistan monsoon rainfall are given below: 

 

Conditions considered favourable for the monsoon rainfall of Pakistan are as follows: 

A. South American Pressure (April + May) Above Normal 

B. Equatorial Pressure (February to May) Below Normal 

C. Punjab (Pakistan) Mean Range Temperature (April + May) Below Normal 

D. Snow Accumulation below Normal in Western Himalayas as in May   

 

Pakistan is employed to calculate the expected rainfall departure from the normal 

monsoon rainfall. The Regression Equation: 

 3902.08147.07621.03989.143576.0 +++−= DCBAR  

where: 

 R =  Departure of Pakistan Monsoon Rainfall 

 A =  station level (mean monthly) Pressure Departure of South America in mm 

for the month of April and May for Buenos Aires, Cordoba and Santiago  

B =  Equatorial Pressure 

i. for March, April and May for Seychelles Station Level (mean 

monthly) Pressure  

ii.   for February and March for Darwin Station Level (mean monthly) 

Pressure  

C =  Punjab (Pakistan) mean monthly Temperature Range for Lahore, 

Islamabad, Sialkot and Multan during the months of April and May  

D = Snow Accumulation on the peaks of Western Himalayas, at the end of 

May 

 

Shamshad (1967) made a notable contribution by presenting a technique for seasonal 

prediction of Pakistan summer rainfall by using the April 700-mb heights for 14 years 
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(1949-62) for the intersection of latitude 45°N/longitude 85°E (Chaudhary, et al 1992). 

Similarly, the mean 700 mb heights at Vizagapatam (17°N, 83°E) were calculated. The 

difference of 700mb heights were worked out at two locations. He showed that when this 

difference was plotted against the monsoon rainfall departure, it established a good 

relationship between these two parameters. He based his approach on the physical 

reasoning that if the mean value of the contour gradient, between say, latitudes 17°N and 

45°N, is less than normal during April, the westerlies over Pakistan are weaker and the 

chances of a good monsoon, following this situation will be greater than normal 

(Chaudhary, 1992). 

 

11.5.2 Summer Monsoon Rainfall Prediction Chaudhary, Q.Z. (1992) 

 

All Pakistan Summer Monsoon Precipitation prediction using six predictors has been 

presented by Chaudhary in their Ph.D. dissertation (1992). The equation is as follows: 

654321 5.578.771.2345.1339.7828.21 XXXXXXY ++−+−=   

where: 

 Y =  All-Pakistan Summer Monsoon Precipitation (mm) 

 X1 =  Temperature tendency of Hyderabad during December minus January 

 X2 =  Northern Hemisphere temperature tendency during October minus January 

X3 =  Pressure tendency of Hyderabad + Jacobabad + Nawabshah + Peshawar 

during April minus May 

 X4 = SOI for the month of May 

 X5  Pressure of Buenos Aires during April 

 X6 =  SOI tendency during May minus January 

 

11.5.3 Summer Monsoon Rainfall Prediction by Iqbal, M.J. (2001) 

 

Another contribution to summer monsoon rainfall prediction made by Iqbal, (2001) is as 

follows: 

7654321 0334.00752.01508.00767.00752.04283.02722.0087.219 XXXXXXXY +−−−−−−=  

where: 
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 Y =  All-Pakistan Summer Monsoon Precipitation Index  

 X1 =  Temperature of Kakul (July) 

 X2 =  Temperature of Kakul (August) 

X3 =  Temperature of Chitral (April) 

 X4 = Pressure of Hyderabad (May) 

 X5 = High Pressure of Indian Ocean (March) 

 X6 =  SOI (previous June) 

 X7 =  Pressure of Kakul (May) 

 

 

11.6 SOCIO - ECONOMIC CONDITION OF PAKISTAN 

 

Climate change vulnerability and the adaptation capacity is a function of socio-economic 

conditions. All nations of the world are vulnerable to drought, specially, developing and 

under-developed countries. At the same time, their adaptive capacity is limited, due to 

poor economic conditions. Thus, making it important to discuss the socio-economic set 

up.  

 

Pakistan has an important geo-political location, abundant human and natural resources 

and a rich and diverse cultural heritage. It has coal, copper, iron ore, limited petroleum, 

extensive natural gas reserves, salt and limestone. The country‘s economy is primarily 

agricultural and secondly, industrial based.  

 

Pakistan has 22.17 million ha total cultivated area and is a forest deficit country with 

about 5% total forest area, although, it contributes to one-third of the energy needs. 

Employment of half a million people, consumption of 3.5 cubic meters of wood, 

livestock contributing more than 400 million US$ foreign exchange, etc. play a crucial 

role in the country’s economy (ESCAP, 1996). 

 

The fifth census that was planned in 1991 was finally held in 1998, after a gap of 17 

years and a delay of seven years. The sixth census was due in 2008 but delayed till 2011 
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due to some internal problems. The process and report of sixth census is still waited. 

According to census 1998, Pakistan is presently growing at a rate of 2.16% per annum. 

Its population has increased during inter-census1951- ’61, 1961-’72, 1972- ’81, 1981-

1998 by 27.09%, 51.99%, 28.98% and 54.98%, respectively. As per estimation, 

population has increased by about 37.55% during the period 1998-2010. The high inter-

census (1961-72) percentage was due to political conflict and separation of East Pakistan 

as Bangladesh. The western unit has been broken into four provinces i.e., Balochistan, 

Sindh, Punjab and KPK (then NWFP). Over reporting of population has been observed 

for political gains coupled with immigration from India and Bangladesh, causing the 

accelerated increase due to broadening of the population base (Khan, R.I.A, then Census 

Commissioner, GoP, 1998). With more than 182 million people (projected upto 2010) it 

ranks as the world’s sixth most populous country. During the 65 years (now 2012), since 

independence (1947), total population of Pakistan has multiplied more than 5 times. In 

1998, 90 million people i.e. 67% of the total population resided in rural areas. According 

to 1951, 1961, 1972 and 1981, population in rural area was, 82.28, 77.48, 74.59 and 

71.70%, respectively. The urban population in 1947 was 5 million which comprised 

15.4% of the total population, 17.74% (5.99 million) in 1951, 22.52% (9.66 million) in 

1961, 25.41% (16.60 million) in 1972, 28.30% (23.84 million) in 1981 and 32.50% 

(43.01 million) in 1998. Since the first census (1951), till the last available (1998) census, 

the urban population has increased by 14.78%. During the period 1947-’81 and 1981- ’98 

the rural and urban populations have increased by 80, 20 and 65, 35% respectively. The 

cause of this high urban population increase is the rapid migration to urban centers from 

rural area in search of employment and better prospects.  

 

Figs.11.5(a) to (d) (a) Population of Urban/Rural area of Pakistan and (b) Population 
by  sex  (male  and  female)   of   Pakistan   (both   in   millions)  
(c) Population of Pakistan (d) Population of Provinces and FATA 
Source: (GoP, 1981; 1989). 

The country’s actual population for 1951, 1961, 1972, 1981 and 1989, and projected 

population during 1999-2010 in rural and urban areas has been depicted in Fig.11.5a, 

gender (male, female) population in Fig.11.5b, total area population in Fig.11.5c while 

provincial and FATA population have been shown in Fig.11.5d. Male sex ratio which 
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was 116.4 reduced to 108.5 for one hundred females. Fertility rate of males was 2.37% 

and females 2.47% and in 1951 they amounted to 2.64% males and 2.75% females in 

1998, which indicates that male fertility has increased and female fertility has decreased 

(no other factors have been considered in this study). Projected population has been 

computed as mentioned by Mehta, A.C. (1996).   

 

 
where: 

 Pn = Project Population 

 Po = Actual Population 

 R = Inter census Population Growth Rate 

 n = projected population after n number of years 

 

With 143.9 million in 2004 and 168.3 million (estimated) population in 2010, Pakistan 

would be the world’s sixth most populous country which has grown more than 05 fold 

after its independence (1947). Population growth rate was 2.85%. Total number of males 

were 68 873 686 (52.04%) and females were 63 445 593 (47.94%). Population under the 

age 15 years were 43.3%. Urban population was 32.5% while rural was 67.5%. The 

population density was 166 persons per sq. km. Sex ratio was 108.6 males per hundred 

females. Lahore was the most populous city of Pakistan in 1931 and 1941. Subsequently, 

Karachi became the most populous city of the country. Karachi with 7.2% of the total 

population is the most populous city of the country. It is the former capital of Pakistan 

and the present capital of Sindh province having 30.7% of Sindh’s total population. 

Pakistan’s urban population growth rate is 3.54 while for rural areas it is 2.23%. Ten 

most populous cities of the country are cited in Table 11.1. 

 

 

Table 11.1 

Most Populous Cities of Pakistan 

1998 1981 1972 1961 1951 1941 1931 
Karachi Karachi Karachi Karachi Karachi Lahore Lahore 
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Lahore Lahore Lahore Lahore Lahore Karachi Karachi 
Faisalabad Faisalabad Faisalabad Hyderabad Hyderabad Rawalpindi Peshawar 
Rawalpindi Rawalpindi Hyderabad Faisalabad Rawalpindi Peshawar Multan 
Multan Hyderabad Rawalpindi Multan Multan Multan Rawalpindi 
Hyderabad Multan Multan Rawalpindi Faisalabad Sialkot Hyderabad 
Gujranwala Gujranwala Gujranwala Peshawar Sialkot Hyderabad Sialkot 
Peshawar Peshawar Peshawar Gujranwala Peshawar Gujranwala Sukkur 
Quetta Sialkot Sialkot Sialkot Gujranwala Faisalabad Quetta 
Islamabad Sargodha Sargodha Sargodha Quetta Sukkur Gujranwala 
 (Source: Pakistan Statistical Year Book, 2011) 

 

English is the official and Urdu the national language of Pakistan. Although, Urdu is the 

mother tongue of 8% Pakistanis, others use Urdu as second language. Punjabi, Sindhi, 

Pashto and Balochi are the four major provincial languages. Punjabi, Pashto, Sindhi, 

Saraiki, Urdu and Balochi are the native languages of 44, 15.5, 15.5, 11, 8 and 4% 

Pakistanis, respectively GoP, (2001).  Other major regional languages are Kashmiri, 

Brahui, Shina, Hindko, etc. 

Fig.11.6   Population of Major Cities (1998) 
Source: Fifth Housing Census 1998, Government of Pakistan 

 

Populations (1981 and 1998) and number of households (1998) of few major cities of 

Pakistan has been depicted in Fig.11.6. A significant increase has been observed in the 

population growth rate of Faisalabad, Islamabad, Karachi, Quetta and Rawalpindi. 

Afghan refugee influx in these cities is one of the prime reasons. The capital city, 

Islamabad is showing expansion as well. During this period, development made by 

successive governments has tended to eclipse the triumph in the social sector 

improvement, due to the huge population proliferation. 28.2% (31.95% rural and 19.13% 

urban) of population lived below poverty line in 1998 - 99. The official adopted poverty 

line by government of Pakistan was 2150 calories and PKR 650/- per capita per year. 

Total population below poverty line in different years has been depicted in Fig.11.7.  

Fig.11.7: Population living below the Poverty Line (per cent) 
Source:  (GoP, 2002 and 2008) 

 

The urban and rural literacy rate was estimated at 50.5% i.e. 70 and 30% respectively 

(male 63%; female 37%) in 2001- 02 (GOP, 2002). The life expectancy has increased 



376 
 

from 47% (in 1960) to 66% (in 2010). Child mortality of less than five years of age has 

decreased from 130 to 64 per 1 000 live births from 1990 to 2006. It needs to be controlled 

further, since Pakistan ranks eighth highest in terms of newborn deaths in the world. The 

agricultural sector contributes to about 44% employment of the national labour force and 

24% of the total GDP and Pakistan claims to be a predominantly rural economic country.  

The GNP (Constant factor cost) rate in 2001- 02 was 5.4% and real GDP rate was 3.6%; 

the real per capita GNP was 3.2%, services sector 5.1%, manufacturing 4.4% and 

agriculture 1.4%. Service, manufacturing and agriculture sectors with 2.53%, 0.75% and 

0.33% respectively accounted for the major contributors to GDP growth (GoP, 2002). 

 
The total labour force was 41.5 million, out of which 12.31 million (29.6%) were from 

urban areas and 29.23 million (70.4%) from rural. The employed labour force was 24.71 

million (64.5%) in rural and 13.58 million (35.5%) in urban while the remaining 

unemployed was estimated as 5.90% (GoP, 2002). 

 

Literacy rate is one of the important social indicators which may be affected by drought. 

(UNESCO, 2010). Literacy defined in 1951 census of Pakistan was “any age group 

citizen who can read a clear print in any language”.  Literacy rate was 17.9% (21.9% 

males and 13.9% females).  Literacy was redefined in 1961 census as “a 05 year old or 

above citizen who is able to read in any language and understand a simple letter”. There 

was 16.9% literacy rate for both sexes in which 34.8% lived in urban (48.3% males and 

21.3% females), 10.6% in rural (19.0% males and 2.2% females).  Definition of literacy 

was once again relabeled for 1972 census as “a 10 year old or above citizen, who is able 

to read, write and understand in some language”.  The literacy rate was 21.7% (34.8% in 

urban, 10.6% in rural); 31.8% were males (52.1% in urban, 23.9% in rural areas) and 

11.6% were females (30.9% in urban, 4.7% in rural areas).  In 1981 census, definition of 

literacy was “a citizen aged 10 year or more who can read a newspaper in any language 

and can write a simple letter”. 26.2% were literate out of which 36.5% males (56.9% in 

urban and 27.3% rural areas) and 16.0% females (37.3% in urban and 7.3% in rural 

areas). The wording of the definition of literacy for 1998 census was once again slightly 

revised as “a citizen aged 10 and above who can read a newspaper in any language and 

can write a simple letter”.  The literacy rate was estimated as 43.92% (55.82% males, 
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33.02% females) out of which 63.08% (71.0% males and 55.16% females) in urban and 

33.64% (47.19% males and 20.09% females) in rural areas.  

 

Sixty five % (65) i.e., about 56 mha land area of Pakistan is comprised of rangelands in 

five different ecological zones and are the major feed source of about 97 000 000 heads 

of livestock (Khan, 1987). Livestock contributes significantly to the economy and GDP 

growth of any country. It fulfills the requirement of meat as food, skin and leather 

products. Most of the rural population of Pakistan is involved in animal husbandry. 

Pakistan has great potential for enhancing livestock production. The livestock census of 

2006 reveals that on all Pakistan basis, number of  cattle  (bullocks,  cows),  buffaloes 

and sheep were about 2 959 000,  27 335 000, 26 488 000 and 113 000 which were 45, 35, 

13 and 31% respectively. Punjab contributes   14 412 000 (48.7%)   cattle production, 17 

747 000 (64.9%)   buffaloes,  6 362 000 (24.0%) sheep and 19 831 000 (36.9%) goats as 

per 2006 livestock census which were 53.6, 25.5, 3.6 and 29.6% higher than census 1996. 

Contribution from cattle, buffaloes, sheep and goats production are 6 925 000(23.4%), 7 

340 000 (30.7%), 39 58 500 (14.9%), 12 572 000  (23.4%) of  Sindh,  2 254 000 (7.6%), 

320 000  (1.2%), 12 804 000 (48.3%),  11 785 000  (21.9%)  of  Balochistan  and  5 967 

800  (20.2%),      1 927 000 (7.1%), 3 363 000 (12.7%), 9 599 000 (17.8%) of KPK, 

respectively. Camels, horses, asses and mules are good for transportation, goods lifting, 

draught / traction, etc. They numbered about 921 000, 344 000, 4 268 000 and 156 000 

and about 13, 3, 20 and 18% respectively higher than 1996 in the country (ACO, 2006).  

Bulls are traditionally used for traction (Fig.11.8).  

 

The economic condition is described by the following parameters: 

Per capita Gross Domestic Product - GDP: 

Per capita Gross National Product - GNP: 

Per Capita GNP in the form of Purchasing Power Parity - GNP (PPP) 

 

Fig.11.8    Livestock Population in Pakistan       Source:  (ACO, 2006) 
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Agriculture contributes about 26% and industry about 24% of the national income of 

Pakistan, and directly or indirectly provides 60% of the country’s exports, from 

agriculture and employment, and 50% from the labour force.  According to the World 

Bank, World Development Indicators, GDP of Pakistan rapidly increased during the 

period 2003 to 2007 (Fig.11.9). The per capita GNP in terms of PPP is depicted in 

(Fig.11.10). The GDP growth rate of Pakistan recorded many ups and downs. According 

to the Federal Bureau of Statistics of Pakistan, the economy of Pakistan showed steady 

grewth twice; firstly in the first half of the 1960 decade and secondly during the first half 

of the 2000 decade. Coincidently, growth rate of GDP, twice crossed the limit of more 

than 10%, firstly in 1953 and secondly in 1969. (Fig.11.11) 

 

Fig.11.9     GDP of Pakistan 

Adapted on World Bank Data, World Development Indicators (period 1960-2010) 

 
Fig.11.10 GNP of Pakistan 

Adapted on World Bank data, World Development Indicators (period 1960-2010) 

 

The country has 77.09 million ha of land area and 2.52 million ha of water area. The total 

forest cover of the country is 1.75 million ha. The livelihood of the people and the 

economic activities widely depend on the climatic behaviour of different parts of Pakistan. 

A large part of Pakistan is arid and semi arid. The total cultivable area amounts to 24.6 

million ha, while 12 million ha are devoted to forage and forests. 

Fig.11.11     GDP Growth Rate of Pakistan 

Adapted on GoP, Federal Bureau of Statistic data, GDP Growth Rate (period 1951-2010) 

 
Fig.11.12 Growth Rate of Major Sectors to Economy of Pakistan  

(a)   Agriculture  (b)   Manufacturing   and  (c)  Services  

Agriculture, manufacturing and services are the major sectors of the economy of Pakistan. 

Contribution of these major sectors for the period 1961-2003 has been analyzed, 

especially during the drought period 1998-2002. Their growth rates have been depicted in 

Figs.11.12 (a) to (c). During these periods meager performance of agriculture, 

manufacturing and services were -5.29% (1992 – ’93), -0.07% (1996 – ’97) and 0.74% 
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(1966 - 67) while the best performance were 11.7 (1995-96), 15.5 (2004-05) and 21.45 

(1975-’76), respectively. The average and standard deviation of growth rate of agriculture, 

manufacturing and services sectors during the period 1961-2006 were 3.77 and 2.14, 7.29 

and 3.80, and 6.31 and 3.51, respectively. With the passage of time, performance of 

agriculture sector has been declining. Notwithstanding, continuously declining share of 

agriculture since 2001- 02, it remains the largest sector of the economy of Pakistan. It 

was 24.1 in 2001- ’02, which fell to 22.9 in 2003- ’04.  The rural population which is 

about 67% of the total population of the country, directly or indirectly relies on the 

agricultural sector for their livelihood. The manufacturing sector is also a beneficiary of 

agriculture. Recent upsurge has been observed in the manufacturing sector and its share 

in GDP has increased from 15.9 (2001-02) to 19.1 (2006-07). Services sector consists 

primarily of transport, wholesale, storage, retail trade, insurance and finance, dwellings 

and ownership, defence and public administration, etc. This sector is an important 

contributor to the country’s economic growth. It absorbs about one third of the workforce. 

The services sector grew from 51.1% in 2001- ’02 to 53.3% in 2006 – ’07. Inflation rate 

plays a dominant role in the progress of any country’s economy. Inflation rate of PKR 

during the years 1990 – ’91 to 2008 – ’09 has been depicted in Fig.11.13. 

 

Fig.11.13  Infaltion rate of Pakistan Rupees  (PKR)  
(Data Source: Statistic Bureau of Pakistan) 

 
11.7 GDP AND PRECIPITATION 

 

Climate change and climate variability consequences are potentially more significant in 

under developing and developing countries than prosperous nations. Causes of climate 

variability can be abrupt drought, flood or tropical storm disruptions which take a major 

toll on the economy of a country. Those having a significant impact on economic 

activities are related to climate and weather (USAID, 2007). Agriculture dependent 

developing countries e.g. subsistence economies with poor irrigation are more at risk 

from climate change. Agriculture takes up a large share (24%) of the GDP of Pakistan; 

consequently climate variability has a more severe impact on the economy. Cultivated 

area of Pakistan is about 22 million ha of which 75.5% is under irrigation. Barani areas 



380 
 

can play a vital role in enhancing the productivity of the national economy. Inadequate 

water supply is the chief complexity in the barani areas. Deficit in precipitation and 

persistent long dry weather conditions are responsible for creating drought. To add to a 

wide plethora of problems, sweet water resources are found at great depth, while 

accessible underground water is saline. Although, social and economic strength of barani 

inhabitants is critically hampered by water scarcity, yet, precipitation may or may not be 

an accurate indicator of GDP growth. Fig.11.14, after the United Nations in USAID, 

2007 and The World Bank 2006 Report for Ethiopia, shows GDP growth rate analogous 

changes in precipitation in certain years (Fig.11.14).  

 
Fig.11.14 GDP and Precipitation Correlation of Pakistan 

 
 
11.8 REPORTS OF NATIONAL AND INTERNATIONAL AGENCIES 

 

Efforts of World Food Programme (WFP) and FAO in the mitigation and response have 

been seen in many reports, few of which have been discussed here. 

 

11.8.1 FAO and WFP Report (2000 and 2001) 

 

The highlights of FAO and WFP Joint Assessment Mission to Pakistan on Crop and Food 

Supply in 2001 were as follows (FAO/WPO, 2000; 2001): 

 

Prolonged droughts in various parts of Pakistan have seriously affected livestock, rainfed 

cereal alongwith fruit production. In the third consecutive year of drought, Balochistan 

alongwith some districts of Sindh and Cholistan in Punjab, have taken the brunt of 

damage on their livestock numbers, which were reduced by 60% with reference to their 

1999 levels.  

  

Sweet water storages having virtually dried up, as a result of which fruit farmers of 

Balochistan are on the verge of financial ruin. Production of barani wheat is about 70% 

lower than the previous five years average and 62% lesser than last year’s lessened crop 
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production. The total estimated wheat production was 18.7 million tonnes, which was 

about 11% less than that of the year 2000. The forecast for rice production was 3.9 

million tonnes, at most 24 & lesser than that of the previous year. The excess stockpile of 

1999’s bumper cereal production was expected to compensate for the cereal production 

shortfall of 2000. However, import of wheat for the replenishment of cereal stocks was 

necessary. In spite of government interventions in the mitigation of drought, around 349 

000 drought affected farmers who lost their fruit trees, pastorals and rural and less 

households vouchsafed particular concern and required emergency assistance. The 

emergent concern was mitigation of severe water shortages, alongwith revision of 

livestock vaccines and seeds for the oncoming cropping season. 

 

FAO reported that in Balochistan, socio-economic setting was disturbed by the severely 

prolonged droughts. Covering approximately 44% of the total geographical area, 

Balochistan is the largest province of Pakistan, although it has only 4.9% of the national 

population. Greater part of the area comprises rangeland, only 5% being arable. Having 

20% of the national livestock, it is an important part of its economy. However, the 

economy of the province lags behind that of other provinces, due to its underdeveloped 

infrastructure and poor manufacturing leading to high incidence of poverty. Supply of 

water essential for life of both humans and livestock is perpetually in dire states, even in 

satisfactory years. The longterm average availability of water estimated around 150 mm 

per annum is available from both rainfall and snow. Canal irrigation which provides 

adequate water, however, created problems during 1999 drought. Although, during the 

past 15-20 years tube-wells were extensive and there were 22 500 tube-wells, yet, due to 

excessive round the clock water pumping,  severely retarded ground water recharging has 

led to marked falling of the water table in many areas 2-3 meters annually, necessitating 

deepening of tube-wells. The problem has been exacerbated by escalation of electricity 

charges by 4 000 PKR per month for owners of submergible electric pumps. As a result 

of all these problems in some areas water is available at 200 - 300 meters depth. In 

1998/99, the province received less than half the longterm average rainfall, while many 

areas received little or virtually no rainfall in 1999/2000 (amounting to 14% of the 

longterm average).  Thus, further exacerbating the water crisis, 23 out of the total 26 
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districts of the province were affected by the severe drought in the years 2000; seven of 

them being very severely affected. In the moderately affected district of Zhob, the 

situation had worsened. 59% of the province’s total rainfed area were the worst affected. 

In these districts, 13 700 tube-wells i.e. 61% of the province’s total were found, which 

accounted for 57% of the provincial total tube - well irrigated areas. Thus, the major 

cause of water crisis in these districts was probably the disproportionate concentration of 

tube - wells.  The traditional sources of water, e.g., karezes have also dried up in most of 

the affected districts. The water scarcity has hard hit the production of crops alongwith 

livestock rearing which accounts for 45% of the province’s sheep and 35% of its goat 

population. 

 

11.8.2 The IWMI (International Water Management Institute) Working Paper 

(2004) 

 

The IWMI has written series of papers on drought in Pakistan. The study and reports i.e., 

Working Paper 85, 2004 presents social and economic impact of drought in Pakistan. The 

survey was jointly conducted for Sindh and Balochistan by IWMI and PARC (Pakistan 

Agricultural Research Council). 

 

IWMI reported that Pakistan frequently experiences severe droughts. According to IWMI, 

the most severe droughts on the national scale were 1999 - 2002, in which rainfall was 

erratic and river flows had dropped. A severe setback in agricultural growth occurred due 

to drought. GDP growth rate was slow during the period caused by drought. Water tables 

all over Sindh and Balochistan declined markedly due to the exploitation of groundwater. 

According to IWMI the culprit of this problem was lack of infrastructure for 

comprehensive drought mitigation at both provincial and federal levels. 

 

11.8.3 NGOs Reports 

 

In 2006, in order to review the intensity and gravity of drought conditions in Khuzdar, 

Balochistan and to highlight the problem on the national media, the PDI i.e. Participatory 
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Development Initiatives conducted a media dialogue. The suggestions proposed by the 

dialogue participants with complete unanimity were as follows: 

 

o Government and the international NGOs should immediately carry out drought 

assessment survey of whole Khuzdar district. 

o While taking notice of the growing drought, the government and international 

agencies should start relief measures for the drought affected communities of 

Khuzdar. 

o The livelihoods of the drought hit communities, especially livestock and 

agriculture has completely degraded. The government and non governmental 

organizations should initiate livelihood rehabilitation programs in the drought – 

hit areas by providing livestock as well as agricultural inputs, etc., to the 

communities for restoration of their livelihood.  

o Government should declare Khuzdar as a drought affected district of Balochistan 

forthwith and should write off all the loans and other taxes and recoveries from 

the drought affected people of the district. 

o Government jointly with the international agencies should prepare a 

comprehensive rehabilitation and drought mitigation strategy for Khuzdar. 

Construction of check and delay action dams in the drought affected areas, 

provision of communication infrastructure, electricity to the affected areas, water 

supply schemes, hand pumps and tube wells for the drought affected areas should 

be part of the comprehensive rehabilitation and drought mitigation strategy and 

plan. 

 

o Rehabilitation of kareze and installation of windmills for drawing tube-well water 

should be organized and promoted by the government. 

o Development of appropriate water resources along with rangeland and livestock 

management must be ensured. 

o Installation, especially of non-motorized water supply schemes in drought 

affected areas concurrent with motorized schemes in more difficult areas 
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o In both water as well as sanitation sectors focus should be on more affordable as 

well as appropriate schemes. 

o Adequate managements for tapping run-off water through the construction of 

small dams, along with the schemes of ground water recharge and rain-water 

harvesting should be one of the priorities. 

 

Like other areas of Khuzdar district, Sasol Union Council was severely hit by drought. 

The district remained in the grip of drought from 1996 –’ 97 to 2005 – ’06. The drought 

resulted in severe water shortages in the Union Council especially in its upland areas, 

which were highly dependent on the rainwater. Khushkaba agriculture came to a 

standstill as there were no rains to create moisture. 

 

This NGO also conducted a Baseline Survey in Union Council Sasol, District Khuzdar 

(PDI, 2006). The NGO reported that the drinking water wells dried up as the groundwater 

depleted, due to lack of recharging during 1996 - 2006. Scores of families from the 

upland areas of Soruk, Kadhan, Charpadin and Shank had to migrate from the area as 

there were no water resources even for drinking purposes. 

 

Livestock perished in large numbers due to lack of water and fodder. The remnants of 

dusty fodder resulted in diseases in the livestock. The local communities were pushed 

towards food insecurity and poverty due to the decreasing number of livestock. Although 

there were rains in the area in June 2007, it brought flash floods due to large scale 

desertification in the area. The groundwater could not be recharged due to gushing floods, 

which on the contrary further damaged the livelihoods of the already affected local 

communities of the area. Impacts of the drought are still being experienced by the local 

communities. 

 

Sami Samaj Sujag Sangat an NGO based in Umerkot, Sindh highlighted drought related 

problems in the Thar Desert in their assessment report (SSSS, 2009). The NGO reported 

that drought though slow has its impacts on the large population of the Thar district, if 

prolonged over an extended period of time. Being a recurrent phenomenon here, it was 
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characterized by chronic poverty. The cyclical nature of annual disasters weakened the 

resource base as well as capabilities of the local population. Acute water and food 

shortage, leading to migration is a regular feature. Recurring, prolonged droughts have 

over burdened the coping strategies leading to deterioration in quality of life. Long term 

development strategies should be focused in order to address the emergent humanitarian 

needs of the Thar population. 

 

11.9 FIELD SURVEY DATA ANALYSIS  

 

Most drought-prone areas of Pakistan are arid. Survey has been conducted in selected 

villages of Balochistan, Sindh and southern Punjab, the three most drought prone and arid 

regions of the country (Annexure-V).  Balochistan covers 44%, Sindh 18% and Punjab 

26% of total area of the country.  Irrigated areas are generally less affectedby drouddght 

as compared to rain-fed (Qureshi and Akhtar, 2004). An overview of indigenous water 

harvesting in Pakistan is necessary before an in depth investigation of field survey to 

decipher the reasons of acute water scarcity in rain-fed areas during seasons of 

insufficient rainfall. Five major aboriginal water harvesting systems are commonly found 

since 3 000 BC in Pakistan (Meadow, 1991; Jarrige, 1985; Dennell, 1982). These systems 

which totally depend on flood and/or spring water are: 

 

Mountain irrigation system based on snowmelts (in northern areas), stream flow or 

spring water (in wet mountains of KPK), which are diverted through channels to 

foothills along the mountain slopes are known as:  

 
 Khushkaba in Balochistan and abraize in Punjab which are types of Runoff farming 

systems. Compared to barani farming, the aforementioned water harvesting types are 

more sustainable. Based on precipitation episode, runoff farming systems are 

supplemented by surface runoff water from the adjoining hill sides, utilized in the 

fields, in these systems.  

 
 In Sindh, Punjab and KPK provinces torrent - spate-irrigation is known as rod - kohi 

while in Balochistan it is referred to as sailaba. Floodwater farming is practiced in the 
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plains of Pachad in Dera Ghazi Khan, Daman area in Dera Ismail Khan, sailaba in 

Barkhan, Musa Khel and Loralai.  

 
 Perennial - spate-irrigation system is named as kalapani in Punjab and KPK 

provinces, located within the torrent - spate - irrigation tract and based on surface or 

subsurface flows.  

 
 In reverine areas, the term sailaba is also used for river floodwater peaks based river-

flood - spate - irrigation. Recession agriculture is practiced in the riverine areas of, 

Kacha tract in Sindh province and Kachi tracts of KPK and Punjab provinces as well 

as Khuzdar tract of Balochistan. 

   

A kareze is a system of water supply consisting of a ground tunnel connected to the        

surface by a series of shafts, which uses gravity to bring water table to the surface. 

Kareze like system qanat exist in Iran, known in Morocco as khotara, galeria in 

Spain, forggara in North Africa, aflaj in Arabian Peninsula, auon in Saudi 

Arabia/Egypt and as kanerjing in China. 

 

In Cholistan, communities have their own toba and well. Tobas are most popular, 

common, economical (no material required) and simplest used means of stockpiling 

harvested water in excavated reservoirs, ponds or pits and named after clans living 

nearby. Various sizes of ditches are built to collect maximum rainwater efficiently in 

the area. In some areas, in order to catch run-off water efficiently from catchment 

areas, channels and sub-channels are also created and connected with the reservoirs, 

ponds or pits for storage. In general 10-50 families reside around one toba to meet 

their requirements of drinking water, agriculture and livestock. Built several 

generations back, these ancient tobas and wells also existed in Cholistan. Desiltation 

is a community effort whenever required. 

 

Rainwater is collected in tarais (a form of ponds) in the Thar. The size, intensity of 

evaporation, amount of rainwater available, permeability of layers lying beneath the 

water accumulated and other factors determine availability of water in a tarai. It is the 
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most common sight in almost every village in the Thar. This sweet and fresh water is 

used for domestic purposes, drinking and cattle watering. Tarai freshen the saline 

and/or brackish underground or in situ water by rainwater seeping down to make 

suitable for drinking, agriculture, livestock and other domestic uses. 

 

Spate irrigation systems (i.e. perennial and torrent) are reliable compared to barani and 

khushkaba systems, whereas, the most reliable system are those of mountain irrigation. 

The main parameters of water availability are hydrological (precipitation pattern, 

catchment characteristics), geographical (level and location), hydraulic which include 

size of command area and diversion type while sociological includes within its purview, 

land tenure and magnitude of public intervention. 

 

In general, soil is rocky, sandy and dry with little moisture content in the surveyed area of 

Khuzdar. Tharparkar is a desert and dry land. Rangeland has been heavily over-grazed by 

local livestock. Soil of Badin is clay, sandy but humid. Cholistan and Chhor have arid 

climate. Badin has moderate but maritime influenced climate. Khuzdar has arid climate. 

Respondents stated that their villages were often affected by drought whenever there was 

deficit rain fall, including the 1998-2002 drought. Insufficient rains during cropping 

season affect quality of standing crops, sometimes destroying them, leading to further 

desiccation of soil. 

 

11.9.1 Data Collection Method and Socio-economic Field Survey Findings 

 

The drought affected inhabitants themselves are the best adjudicators of the necessities of 

the households, communities and individuals and necessity of assessment measures. A 

comprehensive field survey questionnaire was prepared to decipher the causes, facts and 

figures regarding drought in these areas (Annexures II, III and IV). In order to understand 

the issues and impacts of drought in the areas, persons conversant with the local culture 

and sensitivities also accompanied the survey. Field data has been collected through 

discussions with respondents, in-depth interviews of elderly persons and structured 

household assessment. The random survey was conducted in June 2009. It was based on 
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Paper and Pencil Interviewing (PaPI), as per Survey Proforma.  The proportion of sample 

was: 

 
Sample variance of proportion is  

 
where   q = 1- p     

  = estimate ± margin of error  

The Survey System Software has been used to find out size of respondents for survey 

questionnaire at 95% confidence level and confidence interval 04 for obtaining optimal 

results (www.surveysystem.com). 

Three most drought affected regions of Sindh, Balochistan and Punjab provinces had 

been selected for survey as the response from these areas would highlight the impact of 

drought on the socio – economic aspects of life of the local residents. The surveyed areas 

included seven villages Shank, Alangi Karez, Charpadin, Soruk, Gooni, Kadhan and 

Bedrang lying in UC Sasool in Khuzdar, Balochistan. Survey in few settlements of 

UC/Deh Tigusar, Tharparkar (i.e. Bhojabu, Sadlatalai, Rojh, Mithriohalipoto, Varnhario, 

Sahusand, Ranpario and Hilario), and two fishing villages Mithal Mallah and Haji Hajam 

Mallah in Badin, Sindh had also been conducted. Some villages had been randomly 

selected within Tehsil Liaqatpur (district: Rahim Yar Khan), Yazman (district: 

Bahawalpur) and Fort Abbas (district: Bahawalnagar) in Punjab (i.e., DNB chaks 121, 

131, 132 and 135; DRB chaks 3, 21, 141 and 142; and DB chaks 132 and 133). 

Photographs have also been presented as Illustrations.   

 

11.9.2 Khuzdar - Balochistan   

 

a. Demography and Social Structure 

Population of Balochistan in 1981 was 4 332 376 and in 1998 it was 6 565 885.  Inter-

census population growth rate was 2.4759. Males numbered 3 506 506 (53.40%) while 

females 3 059 379 (46.60 %). Urban population was 23.9% while rural amounted to 
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76.1%. The population density was 19 persons per sq.km. Sex ratio was 115 males per 

hundred females (GoP, 2001). Overall literacy rate in the province was 24.83% (34.03% 

males and 14.09% females) in 1998 census. In rural areas 82.53% were illiterate (74.25% 

males and 92.06% females) while in the urban areas 53.14% were illiterate (41.86% 

males and 66.92% females). During the inter-census period (1981-98) literacy rate 

increased by 14.51% (18.83% males and 9.77% females) out of which rural areas 

recorded 11.29% (15.93% males and 6.19% females) while in urban areas it was slightly 

better, showing 14.7% (15.72% males and 14.54% females) literates.  Social structure is 

tribal (locally called qaum) and patriarchal. The sardari and jirga system of 

administration prevails. The leader of the tribe called sardar (chief) enjoys the power of 

decision-making at tribal and community levels. Bizenjo, Brahvis, Gurgnari, Jattak, 

Kalandrani, Mengal, Mohammad Hasni, Mirwani, Nichari, Pandrani, Qambrani, Rekizai, 

Rodeni, Sajdi, Sasoli, Sumalani and Zehri are the principal Baloch Tribes in the area. 

Majority are Muslims. They speak Brahvi, Balochi and Sindhi while Urdu is the official 

language. Conflict is usually resolved through traditional biradri system in rural areas 

and Civil or Qazi courts in urban areas (UNICEF 2011; GoB, 2011; GoB, 1996). 

 

Plate 11.1      (left) Dried water channel        (right) Barren mountains in the vicinity of    
                                                            the surveyed area of Khuzdar 
 

 
The large expanse of Khuzdar surrounded with rocky hills consists of numerous valleys 

and ridges of different width and height, and trversed by ephemeral channels (Plate 11.1, 

right and left). Area-wise, this district is (31 100 sq. km, Census 1998) the third largest in 

Balochistan but is the most disadvantaged. It consists of 5 Tehsils and 34 UCs. District 

total population in 1998 was 417 466 (220 023 males and 197 443 females), household 

size was 5.4 and housing units amounted to 77 006 (GoP, 2001). The populations of 

Khuzdar were 72 671, 71 407, 146 157 and 276 449 in 1951, 1961, 1972 and 1981, 

respectively. Total annual growth rate of population was 0.18, 6.73, 7.33 and 2.45 during 

the inter-census periods, 1951- 61, 1961-72, 1972-81 and 1981-89, respectively. District 

population growth rate during the 1981-98 census period was 0.02% lower than the 

province. Population of males in 1981 was 143 692 (51.97%) and females amounted to 
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132 757 (48.03%) while in 1998 males numbered 220 023 (52.70%) while females 197 

443 (47.30%). The intercensal male population increased at the rate of 2.54% whereas 

that of females by 2.36%, due to which male sex ratio increased from 108.2 to 111.4 

males per hundred females which wss 3.61% lower than the provincial level. According 

to the intercensal growth rate, projected population of  Khuzdar  in  2004  would  be  482 

836  and  in  2010  would  be 558 442 (Fig.11.15). 299 218 people (71.67%) lived in rural 

areas while 118 248 (28.33%) in urban areas of Khuzdar in 1998 compared to 1981, 

when it was, 245 562 (88.83%) in rural areas and 30 887 (11.27%) in urban areas. 

Comparison reveals that urban population has increased much more rapidly than rural 

population. 

 

Fig.11.15 Population of  Khuzdar (Balochistan) (A=Actual   P=Projected) 

 

Literacy rate was 17.46% (males 25.33% and females 8.39%) (GoP, 2001) compared to 

the census 1981 when it was 4.2% (7.0% males and 0.7% females).  Literacy rate 

increased during inter-census period (1981- ’98) by 13.26% (18.33% males and 7.69% 

females).  Literacy rate in urban areas has increased by 9.08% (13.37% males and 4.43% 

females), and 15.41% (18.71% males and 13.87% females) in rural areas. 

 

b. Climate and Soil 

Khuzdar has an arid climate despite being at an elevation of 1 237 meters. Though, it 

receives precipitation in both rainy season monsoons and western disturbances, but July 

and August  the rainiest monsoonal months receive 51.7 and 50.2mm, respectively. The 

area has very low and erratic precipitation. Mean annual rainfall is 252.4 mm. Mean 

monthly temperature recorded is between 10.3 to 31.2oC. June is the hottest month (mean 

maximum temperature 38oC) and January the coldest month (3.4oC).  Temperatures drop 

below freezing point in winters and reach highs upto 38oC.in summers. 

 

Soil of Khuzdar is calcareous. It consists upon land of mixed rock outcrop, rough 

mountainous, broken dunes, glaciers/snow fields, open water/lakes, marshes, bad, 

drainageways, riverbeds and urban area. Various types of soil in the area are known as 
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matt, karkats, rikpoad, halli and sarah. Of these matt is the best and richest, consisting of 

silt washed down from the hills. It is of a clayey nature. Karkat is considered second best. 

It is harder, cracks when dry and requires breaking up after ploughing, but needs less 

water then matt. Both matt and karkat are suitable for spring crops and are found in Surab, 

Gidar, Pandran, parts of Baghwana, Tutak, Nal, Kalo, Karkh, Korask and Jan. Rikpad is a 

light sandy soil found only in Wad. Wheat, barley and jowar grow well on it, but the 

crops are considered inferior to those grown on matt or karkat. It is well suited for 

melons, onions and vegetables in general. Halli is a gravelly soil, found in the irrigated 

areas of Surab and Khuzdar on the skirts of the hills and along the banks of the rivers. It 

is suitable for vegetables, but the crops grown on it are thin and require great care. Sorah 

or salt land is the poorest soil of all and is found in large tracts at Hisar, Zehri, Gidar, 

Nondrav valley and between Mir-na-Shaher and Bajoi in Baghwana (GoB, 1996a; 1996c). 

 

c. Economic Structure 

Land area used for agriculture recorded in Khuzdar was 55 838 ha current fallow, 1 195 

494 ha potential area, 76 211 ha net sown, 132 049 ha arable land, and 1 063 445 ha 

culturable waste (Agriculture Statistics 2008-09). Major crops are barley, wheat, 

vegetables, mutter pulse, sunflower and fodder in rabi and millet (bajra), sorghum 

(jowar), rice, maize, cotton, fodder, mash bean, mung bean, moth, vegetables, onion, 

fruits, melons, coriander and chillies.  

 

Total livestock population was 2 326 117 (ACO, 2006). Livestock rearing and agriculture 

were the predominant economic activities due to the limitations put forward by drought.  

Droughts are common in arid Khuzdar, where mean annual precipitation is 250.2 

mm/year. Frequency, duration and severity of droughts have increased here over the last 

two to three decades. Dry weather, water scarcity and sandstorm increase erosion which 

has an adverse impact on soil fertility. As a result of drought spell from 1998-2002, pond 

and stream resources had almost dried and water table had alarmingly fallen (PDI, 2006). 

Moola, Kalachi and Nall rivers are rain-fed rivers.Agriculture on a limited scale was 

practiced through water available from streams, rain-fed rivers, dug wells and kareze.  
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d. Survey Report 

Seven villages Shank, Alangi Karez, Charpadin, Soruk, Gooni, Kadhan and Bedrang 

lying in UC Sasool, Khuzdar were selected for survey for this study. The villages were 

composed of about 25-70 households, primarily scattered but homogenous tribes, with 

inhabitants ranging between 100 and 240. Total estimated population in the seven 

surveyed villages was about 1 229 inhabitants, which was about 0.5% of the 1998 

population of the district. Survey figures revealed that the mean household size in the 

surveyed area of Khuzdar was 7.50 ± 0.30 members which was higher than the average 

household size of the district. The total population of surveyed area was about 1 229 and 

total number of sample respondents were 450 which met the required criteria of 95% 

confidence level and 04 confidence interval. (94% of the houses in the surveyed villages 

of Khuzdar were kaccha mud plastered, 03% were semi pacca, while 02% were 

jhopra/gidan (a tent like house), while only 01% of the houses were pacca (Fig.11.16). 

 

Fig.11.16 Type of Households - Surveyed Villages - Khuzdar 

 

Plate 11.2   (left) Typical gidan               (right) Migration to mitigate the drought effects 

 

The typical gidan has been depicted in Plate 11.2(left), while the drought afflicted people 

in the process of migration have been shown on the right of the same Plate. The major 

factor which influences socio-economic conditions of a family is its household size 

(Robert, 2003; Shah, et al., 2012). The household size of Khuzdar was 5.9 (GoP, 2001). 

The villages consisted of about 25-70 households having between 100 and 230 

inhabitants comprised of scattered but homogeneous tribes (Fig.11.17). 

Fig.11.17 Population and Households - Surveyed Villages - Khuzdar 

 

99% of the households used bushes, wood and dung-cakes as domestic fuel since neither 

electricity nor gas were available there. Villages were connected to each other by kaccha 

and rocky paths. Communities fetched water from far-flung rainwater ponds, wells or 

water sources. The nearest water sources were within walking distance, averaging 

between 01 to 02 hours. 
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Out of two primary schools in the area, one was functioning. No girls’ school existed in 

the area. Survey revealed that very few girls and only about 06% boys attended school. 

There were very few educated adults up to the secondary classes in the area. No 

secondary school, health care facilities, tap water or flush system was available in these 

villages. Households used traditional methods of sanitation. No proper sanitary or solid 

waste disposal system was found. Few houses had latrine facilities. Household garbage 

heaps were seen at the corners of streets.   

 

The closest health centers were about five kilometers away which were visited by a 

doctor twice or thrice a week. Most villages had a boys’ primary school, but no girls’ 

school, communities being male dominated like most rural areas of the country. Due to 

poverty, the local people ate only two meals a day. They took their first meal saeara at 

brunch time while the second meal sham was taken at sunset. There was no hospital in 

the area. The nearest hospital was District Hospital Khuzdar, which was about 30km 

away. During drought, skin diseases were common. Children and women were worst 

affected by diarrhea, hepatitis, malnutrition, anemia, etc. The inhabitants could not afford 

medical treatment as a result of which mortality rate was comparatively higher. 

 

Majority had their own land resources. About 86% had 02 - 05 acres, 06% had 05-10 

acres, 05% had 10-20 acres while about 03% had more than 20 acres land ownership. 

Majority of sardars and influential folk owned mountains while the masses were poor, 

depending only on the meagre local resources. Wheat was the main crop of the surveyed 

area. Due to dire needs, subsequent to reduction in agriculture, as a consequence of acute 

water shortage in the surveyed areas, people were compelled to engage themselves as 

daily wage labourers in Khuzdar. A few preferred to migrate to nearby agricultural areas 

of Sindh as agricultural labourers, to earn their livelihood. Main source of income of 

communities was based on barani agriculture and livestock. Rainfall and ground water 

were the only water resources. Few tube wells were also found in the surveyed area. In 

case of crop failures, which usually occured due to failure or insufficient precipitation 

and subsequent drought, communities relied on their livestock. Insufficient precipitation 
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and drought which adversely affected livestock compelled the male members to migrate 

to other cities to earn a living. Average wages of unskilled and skilled labours were 

between PKR 150/= to PKR 300/=. Women produced petty income for difficult times by 

engaging in stitching and needlework. Due to erratic precipitation and drought livestock 

and/or agricultural income was uncertain and very low. Rural poverty has been confirmed 

and a rising trend has been found in Pakistan (Anwar, et.al.,, 2003; World Bank, 1995; 

2002; FBS, 2001). Traditionally, Khuzdar is below the poverty line (PDI, 2007). Poverty 

is widespread in Khuzdar, revealing its vivid manifestations in the surveyed villages 

which are drought stricken areas. 

 

e. Livestock 

The prime livelihood of the inhabitants was livestock and agriculture. About 87% 

inhatitants of Balochistan indirectly or directly derive their livelihood from livestock 

rearing (Heymell, 1989). About 20 000 000 (19.8%) of the national livestock is found in 

Balochistan (ACO, 2006; GoB, 1996) and 90% of their feed requirement were being met 

from rangelands (FAO, 1983).  Livestock population in Balochistan as per 2006 census 

was 2 254 000 cattle, 320 000 buffaloes, 12 804 000 sheep, 11 785 000 goats, 380 000 

camels and 5 911 000 poultry (ACO, 2006). The livestock population of Balochistan has 

increased by 1 263 % since 1947 rising from 2 180 000 to 27 542 000 heads.Out of the 

total requirement of 6.3 million tonnes of dry edible animal feed, only 3.3 million tonnes 

(in normal years) is available! The growing animal population has been found to exceed 

the carrying capacity of rangelands as a consequence of drought and subsequent 

degradation of rangelands (Islam et al., 2008; Hussain, et.al, 2007) and soil erosion 

(Milton, et al., 1994). Inter-census (1996 to 2006) growth rate of cattle was 5.3%, 

buffaloes 7.1%, sheep 1.7% and goats 2.3%. 

 

Livestock population in Balochistan (Fig.11.18) had been severely impacted during 1998-

2002 drought. Farmers lost up to 40% of their goats and 50% of their sheep during the 

drought due to culling as well as escalated mortality (FAO/WFP, 2000). It is estimated 

that 2.18 million livestock perished while 10.65 million were seriously affected.  

(FAO/WFP, 2001). 
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Fig.11.18    Livestock Population - Balochistan 

 

Plate 11.3 (left) Livestock in rangeland          (right) Water crisis in Khuzdar 

 

Livestock was one of the key livelihood resources there. Vegetation which displayed 

typical arid or semi arid characteristics was negligible due to drought. The large 

rangeland areas for grazing served as production base for livestock (sheep and goats) 

(Plate 11.3, left). Meat, milk, milk - products, wool and skins were the major products 

from livestock. 15 to 100 mixed flocks of sheep and goats were commonly grazed in the 

plains and mountains. Their mortality increased occasionally due to hunger and diseased 

scrawny animals. A reduction of 50 to 80% of livestock occurred due to mortality and 

distress sales. Some owners lost 80 - 100% of their animals, which was a source of ready 

cash generation in times of dire needs or the sole means of sustenance. As a result, the 

family diet from livestock had to be either drastically reduced or had totally disappeared, 

which led to poor health and malnutrition among nursing mothers and children. 

Production of wool had been reduced, both qualitatively as well as quantitatively, which 

led to 50% reduction in the selling price. Surveyed data revealed that in Khuzdar, the 

respondents had reported 69.7, 83.6, 71.0, 69.4, 20.0 and 41.8% reduction in cows, 

buffaloes, sheep, goats, camels and poultry, respectively. Overall reduction in livestock 

was 48.9±0.04 (Fig.11.19). 

Fig.11.19 Livestock Position – Surveyed Villages – Khuzdar 

 

Fig.11.20 Current Livestock Average Percentage - Surveyed Villages - Khuzdar 
 

On the basis of respondents’ information, average percent of livestock available in the 

areas has been shown in Fig.10.20. Majority of the inhabitants still had sheep and goats, 

while cows and buffaloes were found in fewer numbers, while camels were found in very 

low proportions. Domestic poultry, requiring less care were found in relatively large 

proportion.   

 

f. Source of Income 



396 
 

Main source of income of communities was based on barani agriculture and livestock. 61 

and 55% respectively of population still relied on agriculture as their source of income, 

23 and 08%, respectively were dependent on livestock income in Balochistan (Khuzdar). 

Labourers and other non - agricultural workers were proportionately less i.e. 14% in the 

drought affected area of Khuzdar. Only 02% households of Khuzdar earned some paltry 

amount through domestic embroidery and other traditional preoccupations, which was an 

important and precious source of income during the drought periods, which were frequent 

(Fig.11.21).  

 

Fig.11.21   Household Income by Categories -  Khuzdar 

 

A meagre 02% household have been identified as wealthy, 10% as middle class, 25% as 

poor while 63% were below the poverty line in the surveyed areas of Khuzdar (Fig.11.22).  

(Poverty has been explained as per questionnaire survey form). 

 

Fig.11.22   Household Status by Categories – Khuzdar 

 

g. Agriculture and Water Resources 

Groundwater resources and rainfall in the area were the key sources of irrigation and 

drinking water. Agriculture was mainly practiced through khushkaba based irrigation 

system but dug wells for irrigation purpose were also used. Wheat alongwith barley, 

pulses and other low delta crops were cultivated. Vegetables and orchards were also 

irrigated through wells. Prolonged droughts lowered the groundwater level as a result of 

which the communities of Kadhan were forced to quench their thirst with the muddy 

water of the well beds. Some villages like Charpadin used talaf for water accumulation 

for drinking purpose. Extended droughts have resulted in problems of aquifer recharging, 

dropping of groundwater level, drying of many surface wells and lowering of wells and 

water table. As a result, orchards had been left barren with owners facing severe poverty. 

During drought, talaf water decreased, its colour changed and odour became foul; 

waterborne insects became visible to the naked eye, yet the local people having no other 

alternative drank that contaminated water (GoP, 2001; NIPS, 1998).  
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h. Social Cooperation and Womens’ Role 

Strong social cooperation among the local communities unites them in a strong bond. 

Communities cooperate on the basis of clans, tribes and extended families. Family 

members mutually support each other in difficult circumstances, which are frequent, due 

to occurence of drought. As the sardari system prevailed in the area, social conflicts 

occured, but there was no evidence of any big clash (UNICEF and GoB, 2011). 

 

Although, the country side had male dominant society still women played a vital role in 

the society.  Life for women became tougher during droughts, as household requirements 

increased. As inflation increased, the workload of women increased. They were needed to 

work in the fields to prepare the land for crops, traditionally a male activity. Along with 

increased responsibility of herding livestock, women had to fetch water from far-flung 

areas (Plate 11.3, right) due to the decrease in availability of water, along with their 

regular chores of tending their homes, thus they took longer time to finish their household 

obligations and family needs. Due to decrease in grass cover they had to spend longer 

periods of time, herding their livestock in order that animals could graze their fill. 

Women became overburdened with work during drought, leaving little time for 

handiwork and handicrafts through which they could supplement their meager incomes. 

Occurrence of anemia, chronic malnutrition and nutritional deficiencies were commonly 

noted during the drought especially among women and children due to insufficient 

dietary intake (United Nations, 2000). 

 

i. Migration 

Few people temporarily migrated from the surveyed areas to nearby agricultural areas of 

Sindh (Plate 11.2, right), during periods of water scarcity or as a result of drought, in 

search of alternative sources of income; seldom to pursue higher education. People of the 

area could speak Sindhi, thus no language conflict occured after migration. Job 

opportunities decreased and became less lucrative due to exodus during drought episodes. 

Law and order situation were prone to deteriorate and street crimes were likely to escalate.  
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11.9.3  Tharparkar and Badin - Sindh 

 

a. Demography and Social Structure   

Population of Sindh was 19 028 666 and 30 439 893 in 1981 and 1998, respectively. The 

population growth rate for this inter-census period was 2.80%. Total number of males 

were 16 097 591 (52.88%) and females were 14 342 302 (47.12%). Urban population 

was 48.8% while rural was 51.2%. The population density was 216 persons per sq. km. 

Sex ratio was 112.2 males per hundred females. 

 

District Tharparkar spread over an area of 1 938 859 ha (4 791 025 acres) with 914 291 

inhabitants (499 859 males and 414 432 females) and density of 46.6 per sq.km. (Census 

1998), consists of 4 Talukas namely Mithi (241 548 population over 5 340 sq. km.), 

Diplo (161 880 inhabitants over 4037 sq. km.), Nagarparkar (153 106 souls over 3 862 sq. 

km.) and Chachro (357 757 population over 6 339 sq.km.), comprising on 2 438 villages 

with 44 Union Councils (UC). Density of population was 46.6 per sq.km. (GoP, 2001).  

Population growth rate per annum between inter-census period (1981-98) was 3.13%. 

Tharparkar spread over 4 791 025 acres (19 638 sq.km) has 914 291 inhabitants (GoP, 

2001), consists of four tehsils (taluka), Mithi, Diplo, Nagarparkar and Chachro, 

comprising on 2 438 villages with 44 UCs.The district has no industry, is poor in the 

agricultural sector but rich in nature gifted beautiful species of birds (haro, peacock, owl 

etc.) and animals (chinkara, deer, desert fox, etc).  The district is also rich in mineral 

resources e.g. coal of lignite variety (one of the largest deposits in the world), granite, 

ceramic (china clay) and salt. According to Agricultural Census Organization (ACO, 

1996), the district is rich in the livestock sector. Millions of goats, thousands of cattle, 

sheep, domestic poultry, camels, buffaloes and hundreds of horses have been recorded in 

the district (GoP, 2007). The major crops are millet (bajra), jowar, cluster bean, mung 

bean and moth. 

 

Heterogeneous Muslim and non-Muslim population have been living in harmony in this 

area since ages. Literacy rate was found to range between 18-32%. Floods, heavy rainfall 

and droughts are common natural disasters and occur in quick succession. Drought led to 



399 
 

famine in this area during 1987. Later on, government launched Thar Rural Development 

Project (TRDP) which is known as Thardeep. A number of projects have been concluded 

by defunct Sindh Arid Zone Development Authority (SAZDA).  Extreme shortage of 

water and dehydration resulted in casualties, notably in the Tharparkar region of Sindh 

and about 60% people of Tharparkar moved to irrigated areas (Anjum, et al., 2012).  

 
                    Plate 11.4  Survey team member busy in Nagarparkar, Tharparkar  
 

There were seven UCs (Harho, Nagarparkar, Pilu, Pithapur, Satidera, Tigusar and 

Virawah) in Nagarparkar Tehsil. Survey in few settlements of UC/Deh Tigusar (i.e. 

Bhojabu, Sadlatalai, Rojh, Mithriohalipoto, Varnhario, Sahusand, Ranpario and Hilario) 

had also been conducted (Plate 11.4). Population in this UC was 26 730 (14 653 males, 

12 077 females) as per census 1998. Social and economic literature about Tharparkar 

may also be found in TRDP Evaluation Report (Hassan, et al., 1993; Herani, 2002; daily 

Dawn. Local, 19, October 2000; Ratta Rang Koomayal Baar, 1999; FAO, 2000). In 

Tharparkar, the literacy rate was 18.32% comprising 28.33% for males and 6.91% for 

females. In rural areas it was 16.35% (26.17% males and 5.14% females) and in urban 

areas it was 57.27% (71.14% males and 41.68% females) (GoP, 2001). Sharp differences 

have been found between area and sex with reference to the literacy rate. This difference 

is higher in rural areas. Male literacy was 5.1 times higher than that of females whereas in 

urban areas it was only 1.7 times higher (District Census Reports, Tharparkar, 1999). 

Census Report of Tharparkar Sindh, 1998 reveals that literacy rate of Tharparkar district 

was 16.70, 31.70, 16.29, 17.29, 7.98, 3.04 and 1.47% for below primary, primary, middle, 

secondary, intermediate, graduate and master levels, respectively. Total households 

numbered 1 573, kaccha numbered 1504 (95.6%), semi pacca 43 (2.7%), while pacca 

were 27 (1.7%). Sindhi, Urdu, Dhatki, Balochi, Saraiki, Gujrati, Parkari and Thari are the 

major languages in the Tharparkar, while Sindhi is the major language in Badin; others 

are Punjabi, Urdu and Balochi.  

 

Badin extends over a total area of 6 726 sq. km. with, 1 236 040 population, 169 

inhabitants per sq km population density (GoP, 2001), literacy rate 24.6%, five talukas 

(Badin, Matli, Tando Bago, Golarchi and Talhar) and 535 dehs. In Badin, there were 256 
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040, 333 810, 607400, 776 614 and 1 136 044 inhabitants in years 1951, ’61, ’72, ’81 

and ’98 respectively and in Tharparkar, 249 280, 290 400, 359 360, 540 985 and 914 291 

inhabitants in years 1951, ’61, ’72, ’81 and ’89, respectively. During these inter-census 

periods i.e. 1951- 61, 1961-71, 1972-81 and 1981-89 population of Badin increased @ 

2.69, 5.59, 2.77 and 2.26%, respectively and in Tharparkar 1.54, 1.96, 4.65 and 3.13% 

respectively. In 1998 males were 499 859 (54.67%) and females 414 432 (45.33%). Sex 

ratio was 111.0 males per hundred females in Badin. The male sex ratio is 120.6% in 

Tharparkar as compared to that in the province i.e., 112.2%.  Literacy rate in Badin was 

24.6% (35.07% males and 12.90% females). Male literacy rate was three times higher 

than that of females. In urban areas it was 44.8% (56.2% males and 31.3% females) while 

in rural areas it was 20.5% (30.7% males and 9.2% females) (District Census Reports 

Badin, 1998).  

 

Fig.11.23 Population of  Badin and Tharparkar (Sindh) (A=Actual   P=Projected) 

 

The projected population of Badin and Tharparkar in 2004 would be 1 299 264 and 1 10 

032 and in 2010 it would be 1 485 935 and 1 324 203, respectively (Fig.11.23). As per 

1998 census, 186 488 (16.42%) people in Badin and 39 827 (4.36%) people in 

Tharparkar lived in rural areas and 949 556 (83.58%) people in Badin and 874 464 

(95.6%) people in Tharparkar lived in urban areas compared to 1981.  

 

b. Climate and Soil 

Tharparkar is the biggest but most backward district of Sindh (PDMA Sindh, 2009). It 

consists of barren tract of sand dunes covered with thorny bushes. Drought is the 

enduring feature of Tharparkar. Rains are erratic. During rainy episodes, the district 

valleys become moist enough and charge the shallow rainwater aquifers. The extra 

ordinary salinity of the subsoil land is consequently responsible for shortage of potable 

water. There are no permanent streams or rivers in the district, except two perennial 

springs and two temporary streams named Sardharo and Acbleshwar, and Gordhro and 

Bhetiani rivers, respectively (GoS, 2009). The district has a tropical desert climate. 

Nights are remarkably cool, while day time is scorchingly hot in summer. Mean annual 
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total precipitation of Badin and Chhor are 223.8 and 235.0 mm, respectively. The 

precipitation pattern in district Tharparkar is not uniform, due to which some area is 

affected by flood while others experience drought. (Plate 11.5 displays the desert 

landscape as a result of drought while the adjacent picture shows women toiling to collect 

water, a scarce resource in drought prone areas). Due to severe drought conditions, one 

million people and four million livestock were affected and thousands of livestock died 

(IIRE, 2008). Crop cultivation is barani. During a span of every ten years, three years 

record severe drought, three moderate while three record normal precipitation conditions. 

Data reveals that every three years, Thar has to face severe drought leading to scarcity of 

underground water, depletion of vegetation and increase in cutting of fodder trees to feed 

livestock. Water table decreases during droughts. The quality of water is also affected, 

turning brackish. Change in water quality had been observed in about 99% villages of 

Chachro and Mithi (IIRE, 2008).  

 
Plate 11.5 (left) A view of Thar desert,      (right) Women returning to their homes after 
        Nagarparkar                                          collecting water in clay pitchers (matka) 
 

PMD had its observatory in Khokhrapar, which has been closed about more than forty 

years back. No climate observatory exists in Tharparkar district. Badin and Chhor are the 

nearest climate observatories of PMD. Their climate is moderate; sea breezes modify the 

summer heat. Temperatures in the annual cycle range between 41oC and 8oC. The sky 

remains cloudy during the monsoon but there is little precipitation, making irigation 

facilities necessary for even the bare minimum pursuance of agriculture in Badin. 

 

Soil in Badin and Tharparkar districts are calcareous, silty clays and silt loam with good 

porosity and weak structure. In the upper reaches of the district, presence of natural salts 

makes the soil fertile and appropriate for growing rice and sugarcane (GoP, 2001). It has 

uniform landscape, an alluvial plain with no hills or rivers close to Indus Delta. 

c. Economic Structure 

Land area used for agriculture recorded in Tharparkar was 1 119 283 ha  current  fallow,  

1 195 494 ha potential area, 76 211 ha net sown, 132 049 ha arable land, and 1 063 445 

ha culturable waste (Agriculture Statistics 2008-09). Major crops are barley, wheat, 
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vegetables, mutter pulse, sunflower and fodder in rabi and millet (bajra), sorghum 

(jowar), rice, maize, cotton, fodder, mash bean, mung bean, moth, vegetables, onion, 

fruits, melons, coriander and chillies.  

 

d. Survey Report 

Mithal Mallah and Haji Hajam Mallah located in UC Bhugra Memon, tehsil Badin, just 

35km away from the Arabian Sea were the two fishing villages surveyed. Both surveyed 

villages comprised fishing communities which traditionally practiced some subsistence 

agriculture. Fishing was found to be the main source of livelihood but livestock rearing 

was also part of their economic pursuit. Due to Left Bank Outfall Drain (LBOD) system 

and close proximity to the Arabian Sea, ground water in the area became highly saline, 

hindering agriculture in the southern part of Badin. The drastic reduction in fresh water 

supply caused seawater intrusion over 33% land of Badin and Thatta which increased soil 

salinity of underground water meant to be utilised for drinking. In Bhojabu, Sadlatalai, 

Rojh, Mithriohalipoto, Varnhario, Sahusand, Ranpario and Hilario located in Deh 

Tegusar, Thaparkar majority of inhabitants are Hindus therefore, many temples may be 

seen in the area (Plate 11.6). 

 

Plate 11.6  Jain temples (left) at Werwah and (right) behind the main bazaar in Nagarparkar 

 

The villages comprise 100 - 250 inhabitants. The total population of surveyed area was 

about 1 800 and total number of sample respondents were 500 which met the required 

criteria of 95% confidence level and 04 confidence interval. Survey figures revealed that 

the mean household size in the surveyed area of Badin and Tharparkar were 6.80±0.30 

and 6.20±0.30, respectively. In the villages of Badin and Tharparkar, 78% housing 

structures were kaccha mud plastered, 11% are semi pacca, 8% are jhopra (made of 

branches), while only 3% were pacca houses. The type of household is depicted in 

Fig.11.24 and number of households and population in the surveyed areas are depicted in 

Fig.11.25. These household types reflect the poor economic status of the surveyed areas. 

 

Fig.11.24 Types of Households - Surveyed Villages - Badin and Tharparkar. 
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Fig.11.25   Population and Households - Surveyed Villages -Badin and Tharparkar 

 

Majority had their own land resources. About 96% had less than 2-5 acres, 2% had 5-10 

acres, 1% had 10 -20 acres, while only about 1% had more than 20 acres land ownership. 

Majority of the community were poor, dependent on natural resources only. Guar was the 

major crop of the surveyed area. Many inhabitants in Tharparkar depended on daily 

wages near barrage areas as a result of acute scanty rain, water shortage and reduction in 

agriculture. Few preferred to migrate to nearby agricultural areas in the proximity of 

barrages to earn their livelihoods. Ground water and precipitation were the only water 

resources besides few tube wells and wells in the surveyed area.  

 

There were only three schools (one for girls and two for boys) of primary level in the 

surveyed areas of Tharparkar. There was no secondary school in the area; however few 

adults were educated up to higher secondary level in the area.They gained education from 

Chachro Taluka. Socially, the ruralites of Tharparkar and Badin were found to be less 

literate than any other district of Sindh. No health facilities were recorded in any of the 

surveyed villages. People had to travel to the nearby larger villages to obtain health care. 

Nearby hospital was in the surveyed UC area.The villages surveyed had no access to 

natural gas and electricity. Irrigation canal and underground water (via hand pumps) 

available, although of poor quality was the main source of drinking water in the surveyed 

villages of Tharparkar and Badin. Survey revealed that skin diseases were common 

during the drought of 1998-2002; on the other hand diarrhea had its worst affect on 

women and children. Mortality rate was higher in the area since the poor inhabitants 

could not afford medical treatment. 

 

Fig.11.26    Livestock Population - Sindh 

 

e. Livestock 

Livestock census 2006 revealed that about 22.5% of the national livestock are housed in 

Sindh. 6 925 000 cattle, 7 340 000 buffaloes, 3 958 000 sheep, 12 572 000 goats, 279 000 
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camels and 14 136 000 poultry (Fig.11.26) were reported in livestock population census 

in Sindh (ACO, 2006). As per Agricultural Census Organization of Pakistan (ACO, 1986; 

1996), in Thaparkar district, cattle numbered 695 000 and 849 000, buffaloes 242 000 

and 340 000, sheep 792 000 and 110 000 and goats were 1 979 000 and 2 971 000 in 

1986 and 1996, respectively. Cattle, buffaloes, sheep and goats increased by 22, 40, 38 

and 79% respectively in 1996. In Badin, in 1986 and 1996 cattle numbered 221 000 and 

289 000, buffaloes 194 000 and 368 000, sheep 96 000 and 163 000, goats 276 000 and 

302 000, respectively. Inter-census increment was 31, 90, 70 and 9% in cattle, buffaloes, 

sheep and goats, respectively. 

 
 Plate 11.7 (left) Livestock carcass in Badin        (right) Poor housing conditions  in  
                                                                                Tharparkar drought affected area.  
 

The 1998-2002 drought had a severe impact on the livestock in Sindh. It was estimated 

that 5 million livestock in Sindh were affected, while 30 000 died (FAO/WTF, 2001). 

Livestock was one of the key livelihood resources there. The vegetation, displaying 

typical arid or semi arid characteristics was negligible due to drought. The large 

rangeland areas for grazing served as production base for livestock (sheep and goats). 

Meat, milk, milk-products, wool and skins were the major products from livestock. 15 to 

100 mixed flocks of sheep and goats were commonly grazed in the plains and mountains. 

Mortality increased occasionally due to hunger and disease among scrawny animals. A 

reduction of 50 to 80% of livestock occurred due to mortality and distress sales due to 

occurrence of drought. Some owners lost 80 -100% of their animals during droughts 

(Plate 11.7, left), which was a source of ready cash generation or the sole means of 

sustenance during times of dire needs. As a result, the family diet from livestock was 

either drastically reduced or totally disappeared leading to poor health and malnutrition 

among nursing mothers and children. Production of wool was reduced both qualitatively 

as well as quantitatively, leading to 50% reduction in the selling price. Survey data 

(Fig.11.27) revealed that in Badin and Tharparkar, Sindh, there was 42.9, 73.1, 60.0, 62.9, 

50.0 and 68.5% reduction in cows, buffaloes, sheep, goats, camels and poultry, 

respectively, during the drought period 1998-2002. Overall reduction in livestock was 

48.9±0.04. 
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Fig.10.27 Livestock Position - Surveyed Villages -Badin and Tharparkar  

 
Fig.10.28   Current Livestock Average Percentage - Surveyed Villages - Badin and 

Tharparkar  
 
On the basis of respondents’ information, average percent of livestock available in the 

areas has been shown in Fig.10.28. Majority of the inhabitants still had sheep and goats; 

cows and buffaloes were found in fewer numbers, while camels, the caravan of the desert, 

too were in very low proportions. Domestic poultry requiring less care were found in 

relatively large quantities. 

f. Source of Income 

Main source of income of communities was found to be based on barani agriculture and 

livestock. 61 and 55% respectively of population still relied on agriculture as their source 

of income, 23 and 8% respectively were dependent on livestock income in Balochistan 

(Khuzdar) and Sindh (Badin and Tharparkar). Labourers and other non-agricultural 

workers were proportionately less i.e. 14% in the drought affected area of Khuzdar as 

compared to Badin and Tharparkar, where it was recorded as 28%. Only 02 and 10%, 

respectively of the households of Khuzdar and Badin / Tharparkar generally earned 

through domestic embroidery, carpet weaving and other traditional preoccupations, 

which was an important and precious source of income during the drought afflicted 

periods, which were frequent, approximately after every 03 or 04 years (Fig.11.29).  

 

Fig.11.29   Household Income by Categories - Badin and Tharparkar 

 

Fig.11.30   Household Status by Categories - Badin and Tharparkar 

 

 Approximately, 02% households were identified as wealthy, 11% as middle class; 23% 

were poor while majority, i.e. 64% were very poor, in the surveyed areas of Badin and 

Tharparkar (Fig.11.30), a reflection of the impact of drought. Plate 11.7, (right) showing 

poor housing conditions is an indicator of their impoverished condition, mainly attributed 

to drought.  
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g. Agriculture and Water Resources 

Tharris usually migrate to barrage areas during the dry season. In 2002 heavy rains 

occurred, and after three years of drought from 1998-2001 which impoverished the soil, 

heavy rains in 2002 brought greenery to the desert and joy to the people. Yet, in Thar’s 

recent history this drought was certainly not the worst and not the first. Over the last 25 

years, major economic changes have squashed the old subsistence economy of Thar. The 

people of Thar are traditionally herdsmen and agriculturists. The community grazing 

lands or traditional gowcher was protected from encroachment by the thakurs, waderas 

and their appointees, the patels. The shrubs and trees thus protected, held the desert soil 

together. The landlords mobilized their haris and artisans for maintaining the 

infrastructure, desilting tarais (water ponds) and digging wells required for rain-fed 

agriculture. Bajra (millet), a drought resistant crop, has always been the main crop in the 

Thar, which was never sold for cash prior to the mid-sixties, but in good years the surplus 

produced along with the stalk (excellent feed for cattle) was stored for future use, and 

five feet grown grass was cut and stored for emergency use in rainless or drought years. 

A strict system of crop rotation was followed, giving the soil a chance to recuperate in 

order to face the calamity of drought grinding wheat. 

 
Plate11.8    (left) Tharri women                      (right)   An ancient way of ploughing in.  
                              grinding wheat                                   Nagarparkar 

Rainy season (end of June to middle of August) was the sowing season. Plate 11.8, right 

depicts an ancient ploughing method in Nagarparkar; harvests subsequently depended on 

the rains. The harvesting got accomplished by November. The dry season set in by 

January. The tarais dried up, water levels in the wells fell, and the watering of animals 

became a problem, as water had to be drawn up from deep wells for that purpose. By 

March the pastures were also affected, and the Tharris along with their cattle began their 

time immemorial migration to the barrage lands. Prior to the reclamation of these lands 

through perennial irrigation, the migration was directly towards the Indus flood plains. 

The timing of this migration coincided, with the wheat harvesting season in the barrage 

areas. The Tharris provided labour for the harvesting and in exchange, the barrage 

wadera gave them protection, space to stay, food, water and grazing areas for their 
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animals. Over the years this relationship between the desert people and the barrage 

landlords had been institutionalized so that people from the same areas in the desert went 

and worked for the same landlords every year. The size of the migration in drought prone 

areas depends on the extent of rainfall. In good years no more than 50% of the adult 

population and 15% of cattle migrated. In bad years this figure could be 70% for the adult 

population and well over 50% for cattle. 

 
The literature and reports on socio - economic survey of Pakistan reveal that economic 

condition of Tharparkar was not inheritably poor. Cattle in the barrage areas were almost 

nonexistent before the mid-sixties, therefore Tharri dairy products, mainly ghee, was very 

much in demand. Their sale provided the Tharris with cash for the purchase of raw cotton, 

or cotton cloth, for their apparel. Apart from this cash transaction, the relationship 

between the desert and the barrage lands was entirely one of barter. 

 
Plate 11.9 Lives of daily hardships for Tharri women. 
 

h. Social Cooperation and Womens’ Role 

Women in Thar villages wake at dawn. Since rainfall is sporadic in Tharparkar, few 

sweet water wells or stagnant rain water stored in ponds were the only sources of 

drinking water during the drought of 1998-2002. The survey revealed that it was the 

responsibility of Tharri women not only to grind wheat (Plate11.8 left), manage all 

household chores but also to fetch drinking water from the nearby ponds or wells for 

which they had to walk for at least an hour. As a daily routine, they had to prepare and 

offer breakfast to male home members and children. Males left the home after taking 

breakfast for outside activities, which comprised collecting firewood, fodder for animals, 

animal grazing,etc; other tasks of females included laundering clothes, cleaning and 

mopping the home, engaging in needlecraft , basket weaving ,other such domestic work 

as well as brick- making (Plate 11.9). Subsequently, women prepared lunch for children 

and their male members working in the fields. Usually any home member, child/children 

or female members took this lunch to the fields). Males continued work till sunset. 

Women prepared dinner before twilight. After toiling in the fields, on the return home of 

male members, the entire family took their meal together. The surveyed villages had no 
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electricity; therefore the villagers retired early to the bed. All these problems and 

hardships were found to be due to the prevalence of drought conditions and conditions 

which created drought, which is an obstacle in the prosperity of third world rural areas, 

where agriculture is the mainstay of the economy 

 

i. Migration 

In the drought period 1998-2002, many villagers of Tharparkar shifted to its Tehsil (viz, 

Mithi, Diplo, Chachro and Nagarparkar). Tharris found better employment opportunities 

near barrage areas. Due to mass migration of population as aresult of drought and its after 

effects, the infrastructure of these towns became overburdened and sometimes collapsed 

and failed to facilitate migrants, thereby severely disturbing the social setup. Similarly, 

job opportunities decreased and became unattractive.   

 

11.9.4 Cholistan (Rahim Yar Khan, Bahawalpur, Bahawalnagar) - Punjab  

 

a. Demography and Social Setup 

The Punjab population in 1981 census was 47 292 441 while in 1998 census it was 73 

621 290. Population growth rate was 2.64%. Total number of males numbered 38 094 

367 (51.74%) and females 35 526 923 (48.26%). Urban population was 31.3% while 

rural were 68.7%. The population density was 359 persons per sq. km. Sex ratio was 

107.2 males per hundred females. The Cholistan comprises of Rahim Yar Khan, 

Bahawalpur and Bahawalnagar districts.  Stretching along the southern border of Punjab, 

Pakistan (Rao et al., 1987) this area, lies between 27o 42’ to 29o 45’ N and 69o 52’ to 75o 

24’ E covering an area of 26 000 sq. km. (Arshad,et al., 2007) at 112 m amsl (Ali, et al., 

2009). The breadth of the desert varies from 32 to 192 km and length is roughly 480 km 

(Akbar and Arshad, 2000; Akbar et.al. 1996). Bahawalpur covers an area of about 24 830 

sq.km., Rahim Yar Khan 11 880 and Bahawalnagar 8 878 sq.km. The population of 

Rahim Yar Khan, Bahawalpur and Bahawalnagar in 1981 were 1 841 451, 1 453 438 and 

1 373 747 and in 1998 were 3 141 053, 2 433 091 and 2 061 447, respectively.  During 

1981-98 inter-census period, population has increased @ 2.19% in Rahim Yar Khan, 

3.08% in Bahawalpur and 2.42% in Bahawalnagar. In 1998, males were 1 636 864 
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(51.11%) and females 1 504 189 (47.89%) in Rahim Yar Khan; 1 278 755 (52.56%) 

males and 1 154 316 (47.44%) females in Bahawalpur and 1 067 411 (51.78%) males and 

994 036 (48.22%) females in Bahawalnagar. Male sex ratio per hundred females was 109, 

111 and 107 in Rahim Yar Khan, Bahawalpur and Bahawalnagar, respectively as 

compared to that of the province’s 107. Projected population in 2004 and 2010 has been 

calculated to be 3 792 518 and 4 579 099 for Rahim Yar Khan, 2 918 321 and 3 500 321 

for Bahawalpur and 2 378 940 and 2 745 332 for Bahawalnagar (Fig.11.31).  

 

The urban population in 1998 in Rahim Yar Khan, Bahawalpur and Bahawalnagar were 

616 582 (19.63%), 665 304 (27.34%), and 392 801 (19.05%) respectively, whereas rural 

population were 2 524 471 (80.37%), 1 767 787 (72.66%), and 1 668 646 (80.94%), 

respectively. 80.38%, 72.66%, 81.08% inhabitants of Rahim Yar Khan, Bahawalpur and 

Bahawalnagar live in rural area while 19.62%, 27.34%, 18.92% in urban areas, 

respectively (Bureau of Statistics, Punjab, 2008). There are incredible numbers of poor 

households in Punjab; and Bahawalpur is the poorest (Malik, 1992). In 1994, 17% 

population of Pakistan lived below the poverty line among which the top figures (30% 

versus nationwide) of poverty was in southern (rural) Punjab (Asian Development Bank, 

1994). Poverty head count rates in Punjab were 29.8 (32.2 in rural and 23.7 in urban), 

29.7 (32.8 in rural and 22.1 in urban), and 28.6 (32.3 in rural and 20.5 in urban) in 1998-

99, 2000-01 and 2004-05, respectively (GoP, 1999; 2001; 2005). Literacy rate in Punjab 

province was 46.56% (males 57.20% and females 35.10%), in urban areas it was 64.48% 

(males 70.94% and females 57.23%), and 37.95% (50.40% for males and 24.78% for 

females) in rural areas. (GoP, 2001); compared to the 1981 census when it was 27.4% 

(36.8% males and 16.80% females).  Literacy rate has increased in inter-census period 

(1981-98) by 69.93% (55.43% males and 108.93% females) (GoP, 2001).  

 

Fig.11.31 Population of  Cholistan - Punjab (Rahim Yar Khan, Bahawalpur, 
Bahawalnagar) (A=Actual   P=Projected) 

 

Literacy rate in 1998 in Bahawalpur, Bahawalnagar and Rahim Yar Khan district was 

35.0% (44.9% males and 24.0% females), 35.1 (45.5% males and 23.8% females) and 

35.1% (43.4% male and 21.8% female), respectively. Literacy rate in rural areas was 26.3, 
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30.8 and 26.9%, while in urban areas it was 57.0, 51.9 and 57.0% in Bahawalpur, 

Bahawalnagar and Rahim Yar Khan, respectively. The majority of total human 

population of the area is small, scattered and predominantly nomadic pastoral who live on 

the margin of this desert (Plate 11.10, left). Poverty of the nomads is writ large on the 

face and appearance of the male, while Plate 11.10, right depicts that women have to toil 

incessantly to eke out a living. They have small to large herds of goats, sheep, cattle and 

camels. There being no metalled road in the interior of the desert, the people have to use 

sandy tracks for travel and transportation by camels. Few jeeps are used (Akhtar and 

Arshad, 2006).  The Muslim and Non Muslim population of Cholistan live in harmony, 

with their indigenous cultures and speak their own languages. In summer when rain and 

water is scarce, Cholistani clans migrate with their herds to the plains of the district. They 

migrate from the interior to marginal areas of the desert. Returning back in the summer 

rainy season is the normal practice to reduce expenditure for household management in 

the desert interior (Soharwardi, et al., 2012).  

 

Plate 11.10 (left) Typical nomad , and   (right) Daily routine life of nomads in Cholistan. 

 

Rahim Yar Khan consists of four Tehsils, Rahim Yar Khan,  Sadiqabad, Liaqatpur and 

Khanpur with population 4.03 million (2.109 million males and 1.94 million females) and 

density of 339 inhabitants per sq. km. Bahawalpur has six Tehsils, Bahawalpur Sadar, 

Bahawalpur City, Hasilpur, Khairpur Tamewali, Yazman and Ahmadpur East with 

population 3.09 million (1.64 million males and 1.45 million females) and population 

density of 125 per sq. km. Bahawalnagar comprises upon  five Tehsils, Bahawalnagar, 

Minchanabad, Fort Abbas, Chishtian and Haroonabad with population 2.49 million (1.29 

million males and 1.19 million females) and density of 280 people per sq. km. (Bureau of 

Statistics Punjab, 2008).  Population density of Cholistan is about 248 persons per sq.km. 

Tehsil wise distributions of rural and urban population of the three stations are given in 

the following table (Table 11.2): 

Table 11.2 
Tehsil-wise Population of Rahimyar Khan, Bahawalpur and Bahawalnagar 

S.No. Tehsil Name Population (million) 
Rural Urban Total 
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Rahim Yar Khan 
1 Rahimyar Khan 915 353 1268 
2 Sadiqabad 790 204 994 
3 Liaqatabad 870 42 912 
4 Khanpur 665 192 857 

Total 3240 791 4031 
Bahawalpur 

1 Ahmadpur East 750 148 898 
2 Bahawalpur City 88 520 608 
3 Yazman 493 27 520 
4 Bahawalpur Sadar 415 27 442 
5 Hasilpur 307 90 397 
6 Khairpur Tamewali 195 34 229 

Total 2248 846 3094 
Bahawalnagar 

1 Bahawalnagar 488 164 652 
2 Chistian 482 124 606 
3 Haroonabad 356 102 458 
4 Minchanabad 394 45 439 
5 Fort Abbas 298 42 340 

Total 2018 477 2495 
(Source: Punjab Development Statistics, 2008) 

 

PMD has its observatories in the of Bahawalpur and Bahawalnagar districts. An 

observatory in Khanpur tehsil of district Rahim Yar Khan also has one weather 

surveillance radar. These stations have dry and cold climate in winter and dry and hot to 

very hot in summer. 

 
b. Climate and Soil 

Frequent wind and duststorms occur in Bahawalpur, Rahim Yar Khan and Bahawalnagar 

districts, where mean maximum temperatures rise to 43.7oC, 42.1oC and 41.8oC, and 

mean minimum fall to 5.6oC, 5.8oC, and 6.0oC and mean annual total precipitation are 

165 mm, 167.7 mm and 228.8 mm, respectively. Hence, climate of Cholistan is dry and 

cold in winter, hot to very hot in summer. Mean maximum and minimum temperatures of 

Cholistan are 42.5oC and 5.8oC, respectively. Mean annual total precipitation is 186.9 

mm.  
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 Soil of Cholistan is sandy and clayey. Sandy soils are coarse in texture and found on 

unstable and stable dunes with 8.1 pH (Khan, 1999). The clayey soils are of three types 

and are locally known as hakran wala dahar, chitta dahar and ratta dahar. Soils of 

hakran wala dahar are rocky in nature and without any vegetation, whereas chitta dahars 

are as patches between the dunes. Their texture is heavier and pH is 8.2. These two are 

devoid of any vegetation. The ratta dahars show a coarse texture with considerable 

proportion of clay in deeper layers. With pH values ranging from 8.3 to 8.5, the soil 

supports a good vegetation the surface layers are free of excessive salts containing fair 

quantity of soluble calcium which balances the effects of excessive sodium (Khan, 1999). 

 

c. Economic Structure 

According to Directorate of Agriculture, Crop Reporting Services-Punjab, in 2005-06  

main crops of the district Rahim Yar Khan were sugarcane (3 108 000 metric tons),  

cotton (1 374 000 bales), wheat (822 000 metric tonnes) and rice (25 000 metric tonnes); 

Bahawalpur had cotton (1 160 000 bales), wheat (749 000 metric tonnes), sugarcane (411 

000 metric tonnes), sunflower seed (25 000 metric tonnes) and rape/mustard seed (20 000 

metric tonnes); Bahawalnagar had cotton (869 000 bales), wheat (760 000 metric tonnes), 

sugarcane (705 000 metric tonnes), rice (Cleaned) (65 000 metric tonnes) and 

rape/mustard seed (18 000 metric tonnes). Cholistan was severely affected by drought 

since 1998 (FAO/WFP, 2000; 2001). Livestock had been reduced by up to 60% and 

wheat by 70% in some districts of Sindh, Balochistan and Cholistan (FAO/WFP, 2000; 

2001). Drought adversely affects the country’s GDP growth rate (FAO/WFP, 2000; 

2001).  

 

d. Survey Report 

Favourable climate has been found to have given good agricultural yield in Yazman, 

Bahawalpur (Cholistan). The area was found to be backward and noticeable for 

inadequacy of industries. Communities were mainly low paid, while lower middle class 

were characterised by low literacy rates. The largest area of Cholistan is present in 

Bahawalpur. Some villages have been randomly selected within Tehsil Liaqatpur 
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(district: Rahim Yar Khan), Yazman (district: Bahawalpur) and Fort Abbas (district: 

Bahawalnagar).Yazman is very close to Bahawalpur district headquarter. Some villages 

(Chaks) named as chak 133/DB, 131/DB, 142/DRB, 141/DRB, 21/DRB, 3/DRB, 

135/DNB, 132/DNB, 131/DNB, 121/DNB from UC Darawar, Chanan Pir and Merana 

had been surveyed. 

 

Households in surveyed areas were found scattered over a wide area and in order to get 

access from one set of household to another necessitated long walks through the fields. 

There are 125–200 households in each villages Drought conditions and scarcity of 

essential resources was found to be responsible for this sparse density. The total 

population of surveyed area was about 1 650 and total number of sample respondents 

were 450 which met the required criteria of 95% confidence level and 04 confidence 

interval. Survey figures revealed that the mean household size in the surveyed area of 

Rahim Yar Khan, Bahawalpur, Bahawalnagar were 6.90±0.30, 7.2±0.30 and 6.40±0.30, 

respectively. No pavement or metallic roads linked them together. These three tehsils 

share the same latitude. The estimated density of the surveyed area was found to be 223, 

265 and 480 inhabitants per sq. km. in Liaqatpur (district: Rahim Yar Khan), Yazman 

(district: Bahawalpur) and Fort Abbas (district: Bahawalnagar), respectively. (Plate 

11.11)  There were 25 UCs in Liaqatpur, 16 in Fort Abbas and 18 in Yazman.  

 

 Plate 11.11   Cholistan desert     en route           Bahawalnagar surveyed area 

 

Fig.11.32 Types of Households - Surveyed Villages – Cholistan 

         (Rahim Yar Khan, Bahawalpur and Bahawalnagar)   

 

Fig.11.33   Population and Households -Surveyed Villages -Cholistan  

        (Rahim Yar Khan, Bahawalpur and Bahawalnagar) 

 

In the surveyed villages, 80% housing structures are kachha mud plastered, 09% are semi 

pacca, 07% are jhopra (made of branches) while only 04% are pacca houses. The type of 
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houses is depicted in Fig.11.32 and number of households and population in the surveyed 

areas are depicted in Fig.11.33. 

 

In the surveyed villages, majority i.e., 82% had no land resources. 08% had 02-05 acres, 

06% had 06-10 acres and about 04% had more than 10 acres land ownership. Majority of 

the people were poor, dependent on natural resources; while a few who were employed 

also suffered from the same problem. People in the surveyed area generated their income 

from crops, livestock and its products (wool, milk, meat, etc.) and embroidery .Wheat 

was found to be the main crop of the surveyed area. Various range of average annual 

income had been found in the surveed area. Annual income from livestock was upto PKR 

430 000/- per annum, from crops upto PKR 325 000/-, and from embroidery not more 

than PKR 110 000/while the agricultural labourers earned about PKR 90 000/- per annum. 

During drought they were found to have sold out some livestock but few preferred to 

migrate to the nearby irrigated areas for better prospects of life. Unemployment in district 

Bahawalpur, Bahawalnagar and Rahim Yar Khan was 19.77% (21.08 in urban and 

19.26% in rural areas), 21.04 (20.40 in urban and 21.19% in rural areas) and 18.95% 

(20.24 in urban and 18.65% in rural areas), respectively. There were 82.4% illiterate in 

the surveyed area while about 9.2% had been educated till Primary level, 6.5% 

Middle/Secondary level and 1.9% Higher Secondary level. No hospital or Basic Health 

Unit was found in the villages surveyed. 

 

Fig.11.34    Livestock Population –Punjab 

 

e. Livestock 

Livestock census 2006 revealed that about 42.5% of the national livestock was housed in 

Punjab (Fig.11.34). 14 412 000 cattle, 17 747 000 buffaloes, 6 362 000 sheep, 19 831 000 

goats, 199 000 camels and 25 906 000 poultry were reported in livestock population 

census in Punjab (ACO, 2006).  About 33% livestock has been increased during this 

inter-census period (1996 to 2006).  Survey revealed a significant reduction of livestock 

position in both Post and Pre- drought periods (Fig.11.35 and 11.36).  
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Fig.10.35 Livestock Position - Surveyed Villages - Cholistan  

(Rahim Yar Khan, Bahawalpur and Bahawalnagar)  

 
Fig.10.36 Current Livestock Average Percentage –SurveyedVillages - Cholistan  

(Rahim Yar Khan, Bahawalpur and Bahawalnagar) 
 

c. Source of Income 

Main source of income of communities was found to be based on (barani and irrigated) 

agriculture and livestock. 55 and 26% population relied on livestock and agriculture 

respectively, as their source of income. 11% were dependent on cottage income in 

surveyed areas of Bahawalpur/Bahawalnagar and Rahim Yar Khan. Non-agricultural and 

other labourers were proportionately less i.e. 08% in the drought affected area of 

Bahawalpur/Bahawalnagar and Rahim Yar Khan. During the frequent drought periods, 

agricultural labourers toiled incessantly to eke out a living and embroidery was one of the 

significant sources of income earned by women (Fig.11.37).  

 
Fig.11.37   Household Income by Categories - Cholistan  

(Rahim Yar Khan, Bahawalpur and Bahawalnagar) 
 
                     Fig.11.38        Household Status by Categories - Cholistan  

                 (Bahawalpur, Bahawalnagar and Rahim Yar Khan) 
 

1% household was identified as wealthy, 09% were middle class, 23% were poor and 

67% below poor in the surveyed areas of Bahawalpur, Bahawalnagar and Rahim Yar 

Khan (Fig.11.38).  

 

d. Agriculture and Water Resources 

Rain water for Cholistan people was found to be the lifeline. Rain water reservoir in 

Cholistan is called Toba in the local language. The availability of toba determines the 

settlement site and size.  In order to face and mitigate drought, water was found to be 

essential. In Cholistan desert, surface and sub-soil water were the two chief sources of 

water.  Sub-soil  was  usually  found  at  a depth of  30 to 40  meters.  Mostly it contained  

9 000 to 24 000 ppm and was highly brackish therefore unfit for livestock or human 

consumption. However, in some places it contained 2 000 to 4 000 ppm and low salt 
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contents, good for survival during acute shortage of water in Cholistan desert 

(Muhammad, 1997). Cotton was the common cultivated crop, while maize, wheat, barley, 

oats and sorghum are also cultivated (Ahmad, et al., 2001).    

 

Rain was found to be the only source of fresh water in the Cholistan desert. Primary 

source of water was surface water or rain water which was collected during the rainy 

season in manmade ponds (kachha pond locally called toba and pacca pond locally 

called kund); and sub-soil water was collected from tube wells and dug wells. There was 

one small toba in each surveyed village. PCRQR i.e., Pakistan Council Research in 

Water Resources, Regional Office of Bahawalpur estimated more than 15 000 tobas in 

the Cholistan area. Staying period of nomads at an individual water point collectively 

depended upon prevailing condition of the range, location, size and amount of 

precipitation collected in tobas. The longevity of water in tobas depends on the amount 

of seepage and evaporation rate which may be 3 to 4 months or longer. Inhabitants were 

very well acquainted with hygiene values and water-shortage. In the surveyed area, it was 

seen that water was taken directly for human consumption, for watering their livestock 

from mud-plastered tanks which had been constructed beside the tobas and filled with the 

help of containers. Kunds were made in the shape of wells but above groundwater with 

bricks, cement, etc., to store water for long periods which were very important sources of 

water during droughts. Due to longer storage without any ventilation, water became 

smelly and foul, which was the major drawback of kunds (FAO, 1993). Due to acute 

water shortage, hence paucity of fodder, cattle became emaciated (Plate 11.12, left). 

Mortality of livestock was high during drought period 1998-2002 (Plate 11.12, right). 

 

e. Social Cooperation and Womens’ Role 

Women in Cholistan usually engaged in their daily routines and remained busy in their 

household tasks. Their day usually commenced at sunrise with preparation of breakfast 

for children and male members of the family. They also helped in the daily activities of 

their men. The main issue of Cholistan was found to be water scarcity. The long dry 

spells during 1998-2002 were the main threat for the inhabitants of Cholistan. They 

normally moved together in the form of groups to fetch water from the wells 
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(underground water resources), in their pitchers. They also grazed their livestock herds, 

which normally consisted of precious cattle. Besides performing difficult domestic tasks, 

they also engaged in the informal sector of work i.e. preparation of domestic food, 

collecting firewood for their kitchen and food preparation, cleaning up dishes, washing 

clothes, spinning and weaving. Some women worked on daily wages; female activity 

being cotton picking during the post monsoon dry season. Life was found to be quite 

backward; the cardinal culprit being drought. 

 

Plate11.12 (left) Livestock in rangeland area    (right) Livestock carcass due to drought  

 

 

f. Migration 

Drought was found to have caused hardships for the Cholistan dwellers (Plate 11.3, left), 

triggering a number of after effects, migration being one of them (Plate 11.13, right). 

Survival of livestock and human life in the Cholistan would almost have been impossible 

without migration during hottest and driest seasons, to the adjacent watered land. Limited, 

free grazing opportunities were found in the surveyed area (southern Cholistan). The 

momentum and magnitude of migration was found to have got intensified during 

prolonged droughts. During dry seasons, inhabitants of the surveyed areas migrated 

alongwith their livestock and households to irrigated areas to explore distant pastures in 

the river flood plains, in search of “greener pastures”.  

 
Plate11.13 (left) Nomad women in search         (right) Family migrating from drought  
                   of water in Channan pir.                              affected area           
 

Fodder and availability of water in the desert area predominantly determined movement 

of their inhabitants to irrigated areas. They were compelled to migrate due to extreme dry 

and high temperatures. During the monsoon season they were found to return to their 

native desert areas once again to start their normal life. Sometimes, they migrated for 

short periods and camped on the periphery of pastures or villages. Few preferred to 

migrate from one water pond to another due to water and fodder shortage. Rao, et al., 
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(1987) indicated that the Cholistan was a major source of meat and wool, having a range 

of around 2.0 million cattle. 

 

 Field survey revealed that people in these villages have their own houses. Inhabitants 

took their meals twice a day even during drought periods, although, in some villages the 

quantity of their meals were slightly reduced than usual. In the surveyed areas of 

Cholistan, people are so poor that they eat roti (a kind of bread similar to Arabic pita or 

khubz) with chilly instead of curry. Aftermath of drought is common in general (DAWN, 

December 28, 1999).     

 

  

11.10 GDP GROWTH RATE FORECAST BASED ON  

CLIMATIC PARAMETERS  

 

Ninety two %(92) land area of Pakistan is semi arid or arid, while 25% of total land area 

is covered by the Indus plain (Fig.11.39). This area is characterized by irrigated 

agriculture, and it supports 65% of the country’s population. The irrigated area, which 

comprises about 80% of the total cultivated area, produces 90% food and fiber 

requirements of the country. About 25% of country’s GDP comes from agriculture.  

 

When, winter and successive summer rainfalls ocur, the agricultural and agro-based 

industrial productions are reduced in that year. The variability of GDP growth rate is 

directly or indirectly influenced by the rhythm of precipitation. A forecast of GDP growth 

rate   of the country, assumes profound importance for planning and policy making of 

efforts to mitigate the effects of drought (the slow natural hazard). In this chapter an 

attempt has been made to address the challenge of such forecasting module. The findings 

of earlier chapters provide useful insights to help detect the socio-economic impact 

during this natural hazard. The GDP growth rate does not depend purely on climate but 

also on other factors; but this study focuses only on climatological analysis and its 

parameters. An empirical approach has been adopted which naturally, leads to problem 

identification of the general causes influencing GDP growth rate of the country.  
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Geographically and climatologically areas of Pakistan comprising plain, potohar, 

mountainous and maritime constitute very disturbed and patchy structure of climate. Due 

to these large variations in monthly, seasonal and/or annual data, separate forecast for 

each station/province does not appear to lead to a reasonable construction of forecasting 

model. 

 

Chapter 8 (Teleconnection) concludes some influence on precipitation. Analysis in 

Chapter 7 (Stream data and Agriculture) reveals that low inflow at Rim Stations also 

causes reduction of agricultural production as well as area of harvesting. Mainstay of 

Economy of Pakistan by Region has been shown in Fig.11.39 (Source: Social Policy and 

Development Centre, Karachi). For finding the predicted GDP growth rate series by the 

help of climate, climate affected parameters and the teleconnected parameter affecting on 

climate (precipitation especially) have been considered for developing a forecasting 

model. The regression analysis has been used to develop this empirical data analysis 

model.  

 
Fig.11.39   Mainstay of  Economy of Pakistan by Region 

Source: http://www.spdc.org.pk  (Social Policy and Development Centre, Karachi) 
 

The following regression equation has been developed for the prediction of GDP growth 

rate (percentage) forecast on the bases of climatic parameters: 

 

IIKNINONINOIODRRGDP 123.04.32.10421.910.18.106.10 −−++−=  

APAASOICIHMJIM 000334.000210.062.2795.0002.0 −−−++  

where: 

 RR     =  Mean Annual Total Precipitation of Pakistan (mm)  

based on 51 climate stations 

 IOD     =  Indian Ocean Dipole Index 

 NINO4   =  Sea-surface temperature changes in the region which longitudinal  
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from 5S to 5N and latitudinal from 160E to 150W leads to an total 

important threshold values around 27.5oC, in producing rainfall 

 NINO3.4 =  The  region  has  large  variability on  El Niño  time scales  which  

comprises longitudinal from 5S to 5N; and latitudinal from 170W 

to 120W. Local sea-surface temperature changes are important in 

neighborhood for shifting the large region of rainfall typically 

located in the far western Pacific. 

IIK   = Indus Inflow at Kalabagh (Data Source: WAPDA) 

JIM   = Jhelum Inflow at Mangla (Data Source: WAPDA) 

CIHM   = Chenab Inflow at Marala (Data Source: WAPDA) 

 SOI   = Southern Oscillation Index 

 AA   = Total Agricultural Area of Pakistan (Source: ACO, 2006) 

 AP   = Total Agricultural Production of Pakistan (Source: FMFAL) 

Actual vs Predicted GDP growth rate has been depicted in Fig.11.40. 

 
Fig.11.40 Actual and Forecasted GDP Growth rate (%)  (1986-2005) 

 

11.11 CONCLUSION 
 
Droughts are a regular feature in Pakistan and specifically in surveyed areas. Water 

scarcity has had an intense effect on communities. Farmers have always relied on 

perennial rivers and rain water for irrigation needs. Sailaba (floodwater) and khushkaba 

(rainwater), the two modes of agriculture practiced here, relying on precipitation have 

completely collapsed due to deficiency of precipitation and the only perennial river in the 

area has completely dried up, rendering sailaba and khushkaba forms of agriculture 

redundant. In the face of these problems, farmers of Khuzdar rely on groundwater 

irrigation for agriculture on a limited scale. 

 

Sufficient rains make possible a good harvest. However, in the study area due to shortage 

of water, communities grow only wheat as a cash crop, that too in synchronization with 

the precipitation, i.e., once a year during the kharif season. During the rabi season barley 

and pulses are grown. There is trivial harvest in the event of a seasonal or shorter drought. 
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The average yield ranges between 600 – 800 kg per acre. Due to rise in temperatures, 

duration of the growing season also gets decreased, crops being sown 15 to 20 days later 

and reaped earlier. Migration occurs in two to three consecutive dry spell of summer and 

successive winter precipitation and the socio-economic setup is disturbed in rural areas 

and collapses in the urban areas.  

 

11.12 SUGGESTIONS 

 

To overcome socio-economic impact of drought over the country, following suggestions 

have been forwarded: 

 

Small water bodies and/or water reservoirs in any one form viz. lakes, ponds, dug wells 

etc. should be prepared, so that excess water of the monsoon seasons should not be 

drained to the Arabian Sea but may be stored in those areas which are severely affected 

by deficit precipitation, leading to volumes of out migration.  Dug wells should be made 

for improving water table level in those areas especially rain fed areas where tube-wells 

are present and which deplete the source of water for agriculture and other purposes. 

 

Pakistan must improve its present water storage capacity by construction of large dams 

from 30 days water flow to at least 180 days. Our neighbouring country, India can store 

between 120 to 220 days and USA about 900 days of water (ISCN, 2010).  

 

Rainwater harvesting should be encouraged in order to improve socio-economic status of 

inhabitants in arid regions of the country. Some runoff farming system comprising on 

khushkaba and abraize system of Pakistan and khadin system of India may be developed 

in Balochistan and Punjab areas. Roof top rain water harvesting, similar to that in India 

and Jordan, may be suitable for Thar in Sindh. Seeds for high slain water demanding 

crops in water logging areas and drought resistant (i.e., low water demand) crops for 

human, folder for pasture and oases for livestock should be developed. Developed 

authentic and reliable weather forecasting equation for the country to mitigate drought 
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and flood episode. Research may be continued to finding best possible weather 

forecasting parameters. 
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BEAUFORT WIND FORCE SCALE 
 

A pictorial staging of an empirical measure that relates to observed wind speed called 
Beaufort Wind Force Scale (after Francis Beaufort, 1805). 
 

Beaufort diary illustrating his (manuscript of 1806) original scale 
(Source: Fact sheet 6, National Meteorological Library and Archive, UK) 

Annexure-I 



Questionnaire Survey Form 
 

Socio-economic Impact of Drought on Pakistan - A Climatological Forecasting Analysis 
 

Department of Geography 
Federal Urdu University of Arts, Sciences and Technology 

Karachi 

Characteristic of Village/Town Rain fed/Irrigated No. of Houses: 
Village/Town District Taluka/Tehsil Deh/Mouza 

Respondent: Male/Female: Age: Religion: Language: 
Educated: <5th 5th-10th ≤12th ≤14th Illiterate Other 
Occupation: Labour (Agricultural/Industrial) Government Servant      Other 

Identification of Settler 
Permanent (Years) Immigrant (Years) Previous Homeland Homeless 

Characteristic of Respondent Social and Economic Condition 
Social Condition 
Household Status: Household Size: Joint/Nucleated No. of Married: Kitchen 

Type of House: Pacca Semi Pacca Kaccha 

Source of Energy: Electricity Gas Wood Cow dung Generator Other 

Source of Water: Inside Potable Water Tube well Canal Pond Kareze       Other 

Health Facilities: Hospital PHC LHV Clinic Dispensary Doctor Other 

Educational Facilities: Primary Secondary College Madrasah None Other 

Economic Condition 
Land (Owner/Tenant): Agriculture(Farm/Orchard) Industrial(Cottage/Small) 

Size (acres): <5 5-10 10-20 >20 
Income (rupees): <5000 5001-10,000    10001-20000      >20000 
Loss (rupees): 

Source of Meal Self Government NGO No. of meals per day 

Type of Meal Wheat Bajra Pluses Meat Vegetable    Rice Other 

Source of Income: 
Livestock ownership  (numbers): Cows Buffalos Sheep Goats Camels      Poultry 

Loss (numbers): 

PHC = Public Health Centre NGO = Non-Government Organization 
LHV = Lady Health Volunteer 
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DROUGHT AFFECTED SURVEYED AREAS 
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