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Abstract : This study provides a comprehensive review on the trend of precipitation research work over Pakistan. An integrated
literature review is developed by combining the various content analysis to explore a systematic trend of precipitation studies in
Pakistan. The review was extended up to Indian research work of precipitation to identify the role of affecting elements to regional precipitation of Pakistan. The review is focused on two national journals and eighteen international journals about geography, climate, and meteorology during 1981-2020. The proportion of reviewed articles was 84 and 16 percent for international
and local journals respectively. Various features of precipitation research in international journals have rapidly increased during
2009-2020, which was four-time greater than research published during 1981-2008. Regarding various features of precipitation,
the ratio of reviewed studies was 54%, 21%, 16%, and 6% for atmospheric circulation, annual and seasonal precipitation, extreme precipitation, and regional distribution of precipitation respectively. While the studies of climate change and its impact on
human was not big in numbers in Pakistan. The review of precipitation studies revealed that the aspect of precipitation intensity
was more focused on by climate scientists during the last three decades. The occurrence of precipitation intensity indicates an
increasing trend of extreme events particularly in the central plain, northwestern mountain, and Kashmir region during the
monsoon season. There is no specific research was studied to assess the trend shift changes of precipitation in the recent decades.
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in southwestern regions of Pakistan. Similarly,

1. Introduction

Jin and Wang (2017) found a decreasing trend of
summer monsoon precipitation over the north-

Precipitation is one of the most important cli-

central regions of India and Pakistan during the

matic elements, that change considerably both in

second half of the twentieth century, while the

space and time, from daily to decadal and long-

increasing trends were observed since 2002. In

term fluctuations. The analysis of precipitation

the context of extreme climate, Hussain and Lee

time series provides systematic information of

(2014) had noticed the more wet days in north-

changing trends which leads toward its future

ern regions. While dry days were recorded in

forecast. The quality and reliability of datasets

Southern regions of Pakistan. Imran et al. (2014)

vary from location to location. The available

were also investigated the highest frequency of

better accurate datasets and modern methods

extreme events with precipitation greater than

to quantify the variability in precipitation give

100mm over the northeast regions. While the

more attention to climate studies. Moreover, the

frequency of extreme precipitation events with

gridded precipitation database products were in-

≥ 50mm/day is noticed over southeast regions

troduced on a global scale at various resolutions

of Pakistan from 1961-2000. Moreover, the fre-

in the recent decade. However, such datasets are

quency of the wet spells is found to increase in

very important to determine any seasonal effects

the last decade from 2006-2015. This increase in

on precipitation trends and variability. Precipita-

the frequency of wet spells is two times greater

tion variation is also sensitive to sustainable agri-

than in the last four decades that cause the floods

culture, water supply, and energy systems.

in 2010, 2013, 2014, and 2015 (Sadaf et al.,

Pakistan has four patterns of precipitation

2020).

systems included the Indian Summer Monsoon

Considering the significant discrepancies in the

(ISM) system in summer, the Western Distur-

trends of precipitation research studies, Many cli-

bances (WDs) system in winter and spring, a

mate scientists combine various regional precipi-

cyclonic system from the Arabian seas, and local

tation studies in form of scientific reviews. These

thunderstorms based on conductivity activity.

reviews (Kumar et al., 1995; Shirazi and Hussain,

However, the seasonal precipitation system is

2009a; 2009b; Srinivas, 2013; Mohanty et al.,

one of the most dynamic elements of the global

2019; Hrudya et al., 2021) explore the differences

climate system. Many scientists have evaluated

of the reporting results and discuss the conclu-

disparities in monsoon systems by focusing on re-

sion of their reviewed studies of precipitation.

gional circulation systems in Pakistan and India.

Kumar et al. (1995) analyzed various studies on

Hussain and Lee (2016) investigated the vari-

seasonal forecasting of the monsoon precipitation

ability in interannual monsoon precipitation that

in India and compiled a review study. The pre-

decreased in northeastern regions and increased

dominant focus of this study was on the impacts
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of pre-monsoon conditions, cross-equatorial flow,

precipitation feature in Pakistan (Khan, 1960;

and the southern oscillation over the Indian re-

Naqvi and Rehmat, 1962; Nasrullah, 1968)

gion. Shirazi and Hussain (2009b) carried out a

have been published in the Pakistan Geographi-

review study on trends and patterns of climate

cal Review. While the decades of the 1980s and

researches were published in the Pakistan Journal

1990s have not shown any trend and records of

of Meteorology during 2004-2009. The major

precipitation studies in Pakistan. For the cover-

portion of the review was focused on the long-

age of this precipitation research gap in Pakistan,

term variability of precipitation in Pakistan. The

several regional studies by Indian scientists have

analysis was determined the various climate is-

reviewed particularly those findings that partially

sues, particularly the distribution of precipitation

cover precipitation features of Pakistan and their

and its long-term vulnerability and forecast over

regional characteristics from 1981 to 2003.

Pakistan. Srinivas (2013) was reviewed various

In the decades of the 2000s’ the international

researches on the regional distribution of the pre-

researcher community started to take a keen in-

cipitation in India. While reviewing precipitation

terest to explore the concealed features of precipi-

studies, the author emphasizes the use of modern

tation, particularly when Hussain and Lee (2009)

statistical techniques for the validation of climate

have conducted research on precipitation of

datasets. This review study is very useful to un-

Pakistan. The authors classified the precipitation

derstand the homogenization issues of precipita-

regions and identified the distributional patterns

tion data series. Hrudya et al. (2021) reviewed the

of precipitation in Pakistan. The identified 6 pre-

recent research on the coupled ocean-atmosphere

cipitation regions (Hussain and Lee, 2009) that

processes and their influences on Indian summer

successfully follow the precipitation division by

monsoon rainfall variability. This review study

physical features of the country. Afterward this

is beneficial to acquire knowledge about coupled

study, the trend of publications on precipitation

ocean-atmosphere processes in the Indian and

and its allied features was found to increase ex-

Pacific Oceans and their effects on the variability

tensively on an international level. Subsequently,

of the regional precipitation.

the study of precipitation classification was start-

History of climate research work in Pakistan

ed to cite in various national and international

initiated by a detailed study on climate classi-

research journals of the field of climatology and

fication of Pakistan by Kazi (1951). The author

become a reference study for precipitation studies

was classified the climate of Pakistan into four

widely.

major and twelve further divisions into micro-

On the national level, the development of pre-

climatic regions. The only reservation about this

cipitation research has an obvious link with the

study that it was not solemn research work on

establishment of the Pakistan Journal of Meteo-

precipitation features. Subsequently, in the de-

rology by the Pakistan Meteorological Depart-

cades of the 1960s and 1970s, some studies of

ment (PMD). The Pakistan Journal of Meteorol-
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ogy was a journal of meteorological and allied

2. Data and Methods

sciences, however climatic particularly precipitation research studies also have sufficient contribu-

Investigation of various precipitation features

tion in this journal. In the context of arranging

of Pakistan is becoming a challenge in the recent

the published records of precipitation studies,

scenario of changing climate. Physiography of

Shirazi and Hussain (2009b) reviewed the pre-

Pakistan is varied from terrain to Indus plains

cipitation studies published in the Pakistan Jour-

that geographically consists of deserts, moun-

nal of Meteorology from 2004 to 2008. This was

tains, and Plateau. Most parts of the country are

the first systematic effort (Shirazi and Hussain,

categorized as arid and semi-arid climates exclud-

2009b) to compile the published records of vari-

ing northwestern mountains and the northern

ous precipitation features of Pakistan. Such sig-

sub-Himalayas regions. The desert and arid re-

nificant reviewed research work on precipitation

gions of Pakistan are the western limits of South

was first time published in the Journal of Climate

Asia and one of the world’s largest dry regions.

Research historically.

Thus, this region has a large variation in precipi-

The recent precipitation research works being

tation, particularly during summer monsoon

new climate data particularly reanalysis datasets

season. The oscillation of the monsoon system is

have become available over recent few decades,

complex between low depression over Pakistan

thus new insights into precipitation features are

and the monsoon trough originated area over the

required analysis. There is no review study con-

Bay of Bengal.

ducted on precipitation papers published in inter-

This study is a comprehensive scientific review

national journals. Considering the previous trend

of precipitation published articles in national

of published research records, a fresh review of

and international journals, during the period of

studies on precipitation features has become a ne-

1981-2020. The eligibility criteria for reviews of

cessity. The purpose of the present study is to re-

international articles were defined as at least 1.5

view research on various features of precipitation

impact factor and this search of data was made

published in national and international journals

through the Web of Science. All analyzed journal

during 1981-2020 over Pakistan. The structure

are in Science Citation Index Expanded (SCIE)

of the present study is comprised of the following

index worldwide. Before conducting the review

sections, in section 2, the description and crite-

analysis, various contents of precipitation stud-

ria of the reviewed research are explained, while

ies were defined as key review topics. Systematic

results and conclusion of the present study are

reviews were organized according to their key

given in sections 3 and 4 respectively.

characteristics of precipitation, including seasonal
precipitation, extreme precipitation, precipitation
distribution, atmospheric circulations, climate
impact on humans, and trend shift of precipita-
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tion. These selected contents of review highly rely

national journals in the review was 177 and 33

on the long-term precipitation records of various

articles (in numbers) respectively. Owing to the

research works that can be an accurate under-

meager presence of national research articles on

standing and development for precipitation re-

precipitation, the review was extended up to In-

search work in the future. Subsequently, to assess

dian research work of precipitation to identify the

the quality of published studies, methodologies,

role of affecting elements to regional precipitation

and types of reported results of reviewed studies

of Pakistan. For the coverage of review purpose,

are described. The present study primarily focuses

some classic studies of precipitation by Indian

on the selected articles; however, co-cited publi-

climate scientists were reviewed to understand

cations were reviewed where necessary.

regional climatology of precipitation particularly

By searching the selected keywords, after filter-

on oceanic forces and large-scale teleconnection.

ing out the topic and refining records closely to

Finally, results were combined with reviewed

contents of the present study 210 publications

publications through the statistical procedure

were finalized for review, which supports our

and graphical form. The number and percentages

main analysis of the trend of precipitation stud-

of reviewed precipitation studies from various in-

ies in Pakistan. The share of international and

ternational journals are enlisted in Table 1.

Table 1. Number of papers and their impact factors about precipitation study published in the international jour.
Journal

Impact Factor

Number (%)

25.29

3

(1.7)

Atmospheric Research

5.37

8

(4.5)

Weather and Climate Extremes

5.34

2

(1.1)

Journal of Climate

5.15

Climatic Change

4.74

3

(1.7)

Geophysical Research Letters

4.72

5

(2.8)

Climate Dynamics

4.38

32 (18.1)

International Journal of Climatology

4.07

22 (12.4)

Monthly Weather Review

3.74

12

(6.8)

Journal of Atmospheric Sciences

3.18

4

(2.3)

Theoretical and Applied Climatology

3.18

Advances in Atmospheric Sciences

3.16

6

(3.4)

Weather and Forecasting

3.03

2

(1.1)

Atmospheric Science Letters

2.42

2

(1.1)

Asia-Pacific Journal of Atmospheric Sciences

2.10

4

(2.3)

Meteorology and Atmospheric Physics

2.07

9

(5.1)

Climate Research

1.97

2

(1.1)

Weather

1.60

3

(1.7)

Nature Climate Change

Total

36 (20.3)

22 (12.4)

177 (100.0)
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On the national level, the Pakistan Journal of

precipitation, changes in extreme precipitation,

Meteorology and the Pakistan Geographical Re-

and regional precipitation distribution. Then,

view were chosen for the review of precipitation

each sub-divided section was categorized by the

studies. The Pakistan Journal of Meteorology is

changes in precipitation amount, time series, da-

a biannual online journal that published original

tasets, method, and areas. Furthermore, the data-

scientific research with the scope of meteorology

sets were categorized into station data and grided

and allied fields such as weather modification,

data. The study area of Pakistan is categorized

satellite meteorology, air pollution, and long-term

into five regions: Punjab, Sindh, Baluchistan,

trends of climate. In Pakistan, the publication

Khyber Pakhtunkhwa (KPK), and northern

trend of precipitation studies was started in 2004

areas. Additionally, the Indian region has been

since the establishment of the Pakistan Journal of

considered as an additional region to include

Meteorology in the same year. Historically, Shi-

studies that have examined large-scale trends,

razi and Hussain (2009b) documented a review

features, and analyzed rain gauges over Pakistan.

of precipitation studies published in the Pakistan
Journal of Meteorology from 2004 to 2009 in
Pakistan. This research work of Shirazi and Hus-

3. Results and Discussion

sain (2009b) was first an invited review of the
Pakistan Journal of Meteorology for the Journal

The current research is evaluated 84% of

of Climate Research. For further review, pres-

international articles to detect the changes in

ently a collection includes 19 papers of precipita-

precipitation features over Pakistan. 17% of total

tion that were selected from the Pakistan Journal

papers were studied from national journals. 120

of Meteorology from 2009 to 2018. Since the

international articles were published over the

second half of 2018 to date, the Pakistan Journal

Indian regions. During the study period 1981-

of Meteorology is deactivated for any publication.

2020, there were 57 articles in Pakistan regions

The journal of Pakistan Geographical Review

which consisted of 32.20% of the total papers

was established in 1942, thus according to the

published in the international journals. 38 arti-

scope of journal publications, the precipitation

cles (66.7%) were observed on Pakistan territory.

studies were found very low. However, regarding

14 studies (24.6%) were explored in the northern

various aspects of precipitation 3 articles were

monsoon regions of the country. 3 articles (5.3%)

chosen for review.

were published in the Punjab region. The remain-

To analyze the trends of precipitation research,

ing 2 international research studies (3.4%) were

the published articles of national and internation-

recorded in the Sindh region of Pakistan. While

al journals were classified into the subdivisions:

on the national level, 26 (out of 33) articles were

effects of atmospheric circulations on regional

investigated on Pakistan territory (Figure 1).

phenomena, changes in annual and seasonal

7 studies were published in the various regions
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Figure 1. Number of papers published in national and international journals.

included Punjab (3 papers), Northern areas

Lee (2009) has been cited more in various re-

(2 papers), and Sindh (2 papers). The increas-

search studies. This research was published in the

ing trends or research publications were seen

Journal of the Korean Geographical Society. This

during 2009-2020. The average 10 number of

journal is listed in the Korean Citation Index

papers published per year for 2009-2020 was

(KCI) by the Korean Research Foundation. Al-

four times greater than for 1981-2008 (2 papers

though, it is not an international journal. But in

per year). While from 1981-2008, there has not

KCI, this journal is categorized as a high-impact

seen a steady interest in precipitation studies by

journal. This journal is considered the major in

Pakistan researchers and scientists. During this

Meteorology and Geography in Korea (Lee et al.,

period, few international regional studies of In-

2012). After this study, the trend in research pub-

dian precipitation were investigated. The focus of

lications about Pakistan precipitation was found

these observed studies was to assess the precipita-

to be increased.

tion features over the entire country of Pakistan.

The total number of studies (210) on precipita-

After that, the research about the classification

tion was categorized into five features (Figure

of rainfall regions in Pakistan was first analyzed

2). The average 10 number of papers published

by Hussain and Lee (2009). This study identified

per year for 2009-2020 was four times greater

the dry and wet climate regions across Pakistan.

than was recorded before 2008 (2 papers per

Thus, this classification is very important from an

year). While from 1981-2008, there has not

agriculture point of view in Pakistan. By know-

seen a steady interest in precipitation studies by

ing this importance, the work of Hussain and

Pakistan researchers and scientists. During this
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Figure 2. Numbers and percentage of classified precipitation papers (Circulation: effects of atmospheric circulation
on regional phenomena, Precipitation amount: annual and seasonal precipitation, Extreme: extreme precipitation,
distribution: regional precipitation distribution, Impacts: climate change impacts on humans).

period, few international regional studies of In-

KCI, this journal is categorized as a high-impact

dian precipitation were investigated. The focus of

journal. This journal is considered the major in

these observed studies was to assess the precipita-

Meteorology and Geography in Korea (Lee et al.,

tion features over the entire country of Pakistan.

2012).

After that, the research about the classification

Most articles on precipitation were related to

of rainfall regions in Pakistan was first analyzed

the effects of atmospheric circulations on regional

by Hussain and Lee (2009). This study identified

phenomena in Pakistan. There were 114 research

the dry and wet climate regions across Pakistan.

papers on atmospheric circulations that com-

Thus, this classification is very important from an

posed 54% of total articles published in national

agriculture point of view in Pakistan. By know-

and international journals during the study pe-

ing this importance, the work of Hussain and

riod. A topic of increasing interest is mainly due

Lee (2009) has been cited more in various re-

to the increased concerns regarding global warm-

search studies. This research was published in the

ing. Among the remaining 96 studies on charac-

Journal of the Korean Geographical Society. This

teristics of precipitation, forty-two (20%) papers

journal is listed in the Korean Citation Index

focused on the annual and seasonal precipitation.

(KCI) by the Korean Research Foundation. Al-

If research articles about the frequency and inten-

though, it is not an international journal. But in

sity of extreme precipitation were counted, the 35
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(17%) papers were recorded. The 6 studies have

climate datasets and reanalysis products. While

examined the impacts of climate changes on hu-

59 (28.64%) articles was determine the analysis

man activities. The least interest has been seen on

of station datasets for the investigation of changes

this topic by Pakistan researchers. Furthermore,

in the precipitation features. The station data sets

the datasets were categorized into station data

were obtained from the Pakistan Meteorological

and grided data. The major portion of research

Department (PMD), Pakistan.

studies has been analyzed using the gridded datasets. 151 studies utilized the gridded datasets.
Such datasets were obtained from various sources

1) Effects of atmospheric circulations on
regional phenomena

including satellite-based observation systems,

During 1981-2020, there were 106 articles (out

Numerical Model-based systems, and Reanaly-

of 114) on the effects of atmospheric circulations

sis products. The Reanalysis products datasets

that contained 93% of the total published studies

were NCEP1, NCEP2, ERA 40, ERA-Interim,

in international journals. While 8 research papers

JRA-55, MERRA, CRU, GPCC, UDEL, and

(7%) were evaluated in national journals. Among

PRECEL. More than 50% of papers were used

the 106 articles on the impacts of atmospheric

the CRU datasets to analyze the past precipita-

circulations, 80 papers (70.18%) focused on the

tion trends and their variability. Such a major

Indian region. The twenty-six articles were in-

part of datasets was obtained from the reanalysis

vestigated to access the influence of atmospheric

gridded data sets. Such increasing interest in the

circulations on precipitation in Pakistan. The

gridded datasets is due to the availability of new

number of studies focusing on atmospheric circu-

Figure 3. Number of papers published on impacts of atmospheric circulations on regional phenomena.
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lations was increased during 2001-2020 (Figure

circulation indices were studied for the ENSO

3). The average number of papers published per

period 1877-1989. The relationship of ENSO and

year in the second half of the period (9 papers

climatic signals over the Indian Ocean basin were

per year for 2001-2020) was 4.5 times greater

analyzed using the various general circulation

than in the first half (2 papers per year for 1981-

models (Reason et al., 2000; Ashok et al., 2004).

2000). Since the 20th century, the concern of

Cannon et al. (2015) explored the significant

researchers about changes in atmospheric features

extreme rainfall events in Karakorum Himalaya

has become wide. The reason for this focus was

that were linked with ENSO, AO, SH, and EP

the availability of new climate data sets (gridded),

in the northern regions. Hussain et al. (2017) was

easy access/format of data sets, availability of cli-

analyzed the impacts of Indian Ocean Dipole

mate data analysis tools, newly developed climate

(IOD) events on various regions of Pakistan us-

models, and reanalysis products that are very

ing the Kandualls Tau methods for the period

important for identifying the causes of climate

of 1958-2010. Shi and Wang (2019) examined

variation and preparing climate predictions over a

the effects of ENSO and IOD that were detected

specified region.

in the previous studies about Indian monsoon

Atmospheric circulation studies have focused

precipitation. The number of articles on different

on regional precipitation mechanisms (Druyan,

variables of circulation indices (SST, SLP, ZW,

1982; Luo and Yanai, 1984; Meehl and Arblaster,

OLR, GH, and Moisture) was evaluated (Fig-

2003; Anjum, 2004; Majid et al., 2006; Syed et

ure 4). The thirty-three articles on Zonal Wind

al., 2006; Ashfaq et al., 2009; Syed et al., 2010;

(ZW) indices which comprised 29% of total pa-

Latif and Syed, 2016; Hussain et al., 2017; Latif

pers were published in the study period.

et al., 2017; Wang et al., 2019; Ahmed et al.,

The 22 studies on zonal wind-based have been

2020), variability (Singh et al., 1996; Annamalai

conducted by Indian researchers. These studies

et al., 1999; Hirose and Nakamura, 2002; Hoyos

were done to analyze the effects of zonal wind

and Webster, 2007; Izumo et al., 2008; Jiang and

on precipitation features over entire regions of

Zipser, 2010; Syed et al., 2012; Jiang et al., 2013;

Pakistan (Luo and Yanai, 1984; Bhalme et al.,

Filippi et al., 2014; Cannon et al., 2015; Rizou

1987; Mooley and Paolino, 1988; Bryson, 1989;

et al., 2015; Syed and Kucharski, 2016; Pathak

Douville and Royer, 1996; Moron et al., 1998;

et al., 2017; Asmat et al., 2018; Sengupta and

Krishnan et al., 2000; Hirose and Nakamura,

Nigam, 2019; Lu et al., 2020) and forecasting

2002; Barlow et al., 2005; Roy Bhowmik et al.,

(Shukla and Paolino, 1983; Bhalme et al., 1987;

2008; Krishnan et al., 2009; Annamalai, 2010;

Bansod and Singh, 1995; Basu et al., 1999; Can-

Feliks et al., 2013; Rizou et al., 2015; Shi et al.,

non and McKendry, 2002; Karori and Zhang,

2017; Midhuna and Dimri, 2019). 11 published

2008; Adnan et al., 2017a).

articles have analyzed changes in precipitation

In addition, the anomalies of atmospheric

from that vary from region to region in Pakistan.
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Such regional variation was due to zonal wind

Indian and Pakistan in 1979-2000. Ahmed et al.

circulations (Anjum, 2004; Rasul et al., 2004;

(2019) was examined the identified impact of the

Majid et al., 2006; Saeed et al., 2011a; Wang et

jet stream from previous studies on winter precip-

al., 2011; Syed and Kucharski, 2016; Asmat et al.,

itation using the zonal wind index over Pakistan

2018; Latif et al., 2018; Ahmed et al., 2019; Islam

for 1951-2010.

et al., 2019). Luo and Yanai (1984) was examined

Sea Surface Temperature (SST) variable was

the impacts of wind anomalies on the southern

the second most published indice in the exam-

regions of Pakistan in 1979. Asmat et al. (2018)

ined national and international journals (29 out

was explored the influence of wind anomalies

of 114 papers, 25%). The increasing interest in

(1000-850hPa) on precipitation intensity over

the Sea Surface Temperature component is due

north-south regions of Pakistan for 1951-2010.

to increased concern about global warming.

Islam et al. (2019) was identified the South Asian

Among the 29 articles on SST anomalies, 17 pa-

seasonal cycle and extension of the low-pressure

pers were studied to measure the effects of SST

belt towards southwest Pakistan in 1948-2016.

anomalies on the north-south regions of Pakistan

Midhuna and Dimri (2019) was estimated the

(Parthasarathy et al., 1990; Rajeevan et al., 1998;

characteristics and impacts of arctic oscillation

Reason et al., 2000; Krishnan et al., 2003; Meehl

on winter precipitation in the northern areas of

and Arblaster, 2003; Ashok et al., 2004; Fasullo,

Figure 4. Numbers and percentages of studies published on variables of circulation indices (SST: Sea Surface
Temperature; SLP: Sea Level Pressure; ZW: Zonal Wind, GH: Geopotential Height; OLR: Outgoing Longwave
Radiation, Moisture: Specific and Relative Humidity).
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2004; Hoyos and Webster, 2007; Karori and

per Indus Basin region of Pakistan (Latif et al.,

Zhang, 2008; Krishnan et al., 2009; Ratnam et

2018). Choudhury et al. (2019) identified the im-

al., 2012; Bollasina and Ming, 2013; Cannon

pact of low-pressure systems on eastern regions of

et al., 2015; Cash et al., 2015; Roxy et al., 2015;

Pakistan in the pre-monsoon season from 1979-

Singh et al., 2019), and 12 articles followed by

2015. Pre-monsoon precipitation is noticed main-

Pakistan (Muslehuddin et al., 2005; Rasul et al.,

ly due to such low pressure in eastern Pakistan.

2005; Hussain and Afzaal, 2006; Majid et al.,

Baudouin et al. (2020) determined the influence

2006; Muslehuddin and Faisal, 2006; Syed et

of the SLP and contribution of the moisture

al., 2006; Saeed et al., 2011b; Syed et al., 2012;

transport to precipitation in Upper Indus Basin

Ullah and Gao, 2012; Kazmi et al., 2016; Adnan

areas of Pakistan in 1979-2018.

et al., 2017a; Hussain et al., 2017; Choudhury

Ding and Wang (2007) examined the impacts

et al., 2018). Syed et al. (2012) revealed the link

of the geopotential height (200, 700hPa) on

between SST anomalies and changes in extreme

northern India and Pakistan. Syed et al. (2010)

precipitation over south Asian regions for 1948-

studied a significant contribution of the active

2002. Choudhury et al. (2018) was identified

phase of the summer monsoon over the core

the impacts of SST anomalies on precipitation

monsoon region of Pakistan for 1979-2006. The

amount in north Pakistan by composite analysis

work by Rizou et al. (2015) explored the link

between 1981-2010.

between Indian monsoon precipitation and cir-

The research papers on Sea-level Pressure (SLP)

culation features on the Mediterranean and its

numbered 20 out of 144, which was 17% of the

influence over Pakistan during 1958-2001. Syed

total articles studied. Fourteen papers out of 20

and Kucharski (2016) was investigated the effects

(70%) analyzed the influence of SLP anomalies

of geopotential height on statistical-based various

on regions of Indian and Pakistan (Druyan,

modes of interannual precipitation variability of

1982; Shukla and Paolino, 1983; Prasad and

the South Asian Monsoon system on north-south

Singh, 1988; Nagar et al., 1992; Singh et al.,

regions of Pakistan in 1951-2007. Midhuna and

1996; Potty et al., 2001; Cannon and McKendry,

Dimri (2019) was assessed the negative impacts

2002; Yamada et al., 2016; Mishra et al., 2018;

of geopotential height on the Indian winter mon-

Steinhoff et al., 2018; Choudhury et al., 2019;

soon using the composite analysis in northern

Islam et al., 2019; Baudouin et al., 2020) and 6

Pakistan and India for the 1979-2000 period.

studies were investigated on Pakistan (Anjum,

There were 10 (11%) studies about the Outgo-

2004; Syed et al., 2006; Saeed et al., 2013; Ad-

ing Longwave Radiations (OLR) variable. There

nan et al., 2017a; Latif et al., 2018). The variation

were nine papers analyzed on the Indian regions

in precipitation trends and its association with

(Shukla and Paolino, 1983; Haque and Lal, 1991;

large-scale dynamics were examined using a

Barlow et al., 2005; Hoyos and Webster, 2007;

reanalysis dataset during 1961-2013 over the Up-

Ratnam et al., 2012; Yamada et al., 2016; Stein-
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hoff et al., 2018) and one was examined on Paki-

ined the monsoon depressions that were propa-

stan (Moon et al., 2013). Moon et al. (2013) was

gating westward of Pakistan from 1979 to 2015.

measured the relationship with Northern Hemi-

More articles were published using the Zonal

sphere and summer monsoon intra-seasonal

Wind (ZW) indices as compared to Sea Level

oscillation over India and Pakistan during 1979-

Pressure (SLP). About 50 to 75% of total precipi-

2010. The weak convective system was identi-

tation is associated with the summer monsoon

fied in northern Pakistan due to the Outgoing

season that is vital to water resources over Paki-

Longwave Radiations movement in the south-

stan (Hussain and Lee, 2013). The wind anoma-

east. Yamada et al. (2016) was determined the

lies are the major source of monsoon precipita-

climatological characters and the effects of OLR

tion in Pakistan. By knowing the significance of

on heavy precipitation over northern Pakistan

wind anomalies, the focus of zonal wind indices

from 1979-2014. Steinhoff et al. (2018) examined

was more recorded than sea level pressure.

the impacts of monsoon trough on monsoon precipitation in India and some areas of Pakistan in
2010-2011.

2) Changes in annual and seasonal
precipitation

The 9 (8%) articles were recorded on the spe-

The number of articles published on annual

cific humidity reanalysis datasets. The impacts

and seasonal precipitation was increased from

of specific humidity anomalies were assessed

2011-2020 (Figure 5). An average of three ar-

over the Indian monsoon in the 6 studies (Basu

ticles were published per year from 2011 to 2020.

et al., 1999; Roy Bhowmik et al., 2008; Singh et

The reason for this increasing focus was that the

al., 2008; Fadnavis and Chattopadhyay, 2017;

availability of various types of gridded datasets,

Fletcher et al., 2018) and 3 papers were investi-

reanalysis products, and easy-to-use climate data

gated on the Pakistan precipitation (Ullah and

analysis tools that enabled the analysis, increased

Shouting, 2013; Hussain et al., 2017). Singh et al.

the concern of researchers using precipitation

(2008) identified the impacts of the northwest-

data who work on the application side of the

erly drier winds of Pakistan using specific hu-

climate data. In addition, the summer monsoon

midity (750hPa) anomalies over Indian extreme

precipitation is very important to water resource

precipitation in 2005. Ullah and Shouting (2013)

management in agricultural and industrial activi-

conducted a diagnostic study about heavy pre-

ties over Pakistan. More than 70% of water is

cipitation and circulatory features of the summer

contributed to annual precipitation by summer

monsoon over Pakistan for 2010.

monsoon precipitation over Pakistan. Summer

Fadnavis and Chattopadhyay (2017) evaluated

monsoon precipitation is also associated with

the more intense impact of the Rossby wave in

f looding disasters and societal disturbance.

the north-south regions of India and Pakistan

Therefore, steady interest has been also detected

during 1979-2007. Fletcher et al. (2018) exam-

in annual and seasonal precipitation studies by
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researchers and scientists.

The focused of these studies was to examine

Annual and seasonal precipitation was the sec-

the impact of the Indian monsoon system on

ond most published feature in the selected inter-

precipitation fluctuation in different regions of

national and national journals. Thirty-five (84%)

Pakistan during the rainy season. Mooley et al.

out of 42 papers were analyzed from the inter-

(1981) examined the economic impact of annual

national journals and 7 articles were in national

precipitation over India and the north-south re-

journals. During 1981-2003, the focus on annual

gions of Pakistan in 1871-1978. Parthasarathy et

and seasonal precipitation over Pakistan was

al. (1994) assessed the trends of monsoon precipi-

limited. Overall interest in precipitation studies

tation using the statistical methods (coefficient

by Pakistan researchers was not seen. However,

of variation, standard deviation, and regression)

in this duration, some of the regional Indian pre-

during 1871-1993. This study was examined us-

cipitation studies have been reviewed to analyze

ing station datasets. Dewar and Wallis (1999) in-

the importance of the Indian monsoon over Pak-

vestigated the geography-based patterns of inter-

istan. The research articles on this topic have not

annual precipitation variability over India along

been published steadily. Only 8 articles have been

some regions of Pakistan. During 2004-2020. 11

studied to evaluate the significance of the Indian

articles were studied about variability in annual

monsoon over Pakistan (Mooley et al., 1981;

and seasonal precipitation over Indian territory

Vines, 1986; Parthasarathy et al., 1987; 1994;

and have assessed its impact on Pakistan areas

Singh et al., 1995; Dewar and Wallis, 1999).

(Mir, 2004; Bhatt and Nakamura, 2005; Bol-

Figure 5. Number of papers published on changes of annual and seasonal precipitation.
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lasina and Nigam, 2011; Misra et al., 2012; Ding

on changes in annual and seasonal precipitation

and Ke, 2013; Huang et al., 2015; Rajbhandari

trends in Pakistan territory (Naheed and Rasul,

et al., 2015; Hunt et al., 2016; Ceglar et al., 2017;

2011, Mahmood and Rasul, 2012; Ahmad et

Govardhan et al., 2017; Jin and Wang, 2017; Mo-

al., 2014; Imran et al., 2014; Adnan et al., 2016;

ron et al., 2017; Pomee et al., 2020).

Hussain and Lee, 2016; Malik et al., 2016; Ad-

Among 11 articles, nine papers were published

nan et al., 2017b; Asmat and Athar, 2017; Latif et

from 2009-2020. A comparative study of the In-

al., 2017; Iqbal and Athar, 2018a; 2018b; Khan

dian summer monsoon hydroclimate and its vari-

et al., 2018; Ullah et al., 2018; Nabeel and Athar,

ations in three reanalysis datasets over the Indian

2019; Adnan et al., 2020), 4 studies on Punjab

region was investigated during 1951-2003 (Misra

regions (Cheema and Hanif, 2013; Shahzadi,

et al., 2012). The accuracy of the reanalysis data-

2018; Saqib and Gill, 2019; Wahla et al., 2019),

sets was examined over the rainy regions of India

4 articles on the Upper Indus Basin (Mahmood

and Pakistan. Ding and Ke (2013) conducted the

et al., 2015; Ahmad et al., 2018; Latif et al., 2018;

analysis using a comparative statistical approach

Shahid and Rahman, 2020). The inter-annual

for seasonal precipitation prediction over Paki-

precipitation variability was investigated using

stan using the grided dataset.

the daily datasets of 44 stations over Pakistan

The changes in the precipitation trends us-

(Naheed and Rasul, 2011). The coefficient of

ing a high-resolution regional climate model

variation (CV) method was used to assess the

(PRECIS) were evaluated over the Indus River

variation of each observed weather station. The

basin. The daily APHRODITE grided data was

interannual variability was more measured in the

used from 1961-1990 (Rajbhandari et al., 2015).

northeast regions of Pakistan from 1960-2009.

Huang et al. (2015) explored the summer precipi-

Mahmood and Rasul (2012) examined the

tation variations in the Tarim Basin in North-

predictability of summer monsoon precipita-

western China and its influence on the flow of

tion by using High-Resolution Regional Model

the Indus River basin near the Karakoram range

(HRM). The focus of this study was to analyze

of Pakistan. The analysis was carried out using

the variation of precipitation using the grided

the grided datasets for the period of 1901-2010.

and station datasets of 21 observatories for the

Ceglar et al. (2017) studied the comparison of

flooded year 2010. The variation of the monthly

reanalysis and observatory datasets over Asian

and seasonal precipitation was also conducted

monsoon regions. ECMWF, APHRODITE, and

using the daily observatory datasets (Cheema

CHIRPS datasets were used between 1981 and

and Hanif, 2013; Ahmad et al., 2014; Imran et

2007.

al., 2014). The positive trends of the precipita-

The 23 studies were conducted on the variabil-

tion were found in northern Punjab and core

ity of annual and seasonal precipitation in spe-

monsoon regions for 1960-2016. Hussain and

cific regions of Pakistan. 16 papers were noticed

Lee (2016) were assessed the variability of the
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summer monsoon precipitation of thirty-two sta-

crease in the intensity of rainfall. Comparatively,

tions using the standard deviation and Kendall-

northern Punjab gets more precipitation for the

tu methods during 1980-2014.

period of 1981-2015 (Wahla et al., 2019). Adnan

The monsoon rainfall variability was detected

et al. (2020) was examined the predictability of

from 20% in the northeastern to 65% in the

summer monsoon precipitation using the Prin-

southwestern regions over Pakistan from a previ-

cipal Components Regression (PCR) model and

ous study. Latif and Syed (2016) was detected the

skewed statistical methods over Pakistan during

impacts of the monsoonal circulatory currents

2001-2015. The study analyzed the robust skill

over seasonal precipitation in Pakistan. Nabeel

for the prediction of inter-annual monsoon pre-

and Athar (2018) have indicated the contribution

cipitation variability over Pakistan.

of seasonal precipitation to annual precipitation
between 1976 and 2011. The paper was analyzed

3) Changes in extreme precipitation

precipitation contribution by 23%, 5%, and 19%

The thirty-four research articles on extreme

in the pre-monsoon, post-monsoon, and winter

precipitation were recorded from 2008-2020

seasons. Iqbal and Athar (2018b) have examined

(Figure 6). During the study span, the papers

the increasing significant trends of annual pre-

related to extreme precipitation totaled twenty-

cipitation from 1995 to 2013. While decreasing

eight out of 35 were analyzed in international

trends were found from 1976-1994 and 1976-

journals (82%). While 18% of the studies (6 out

2013 over Pakistan. Correlation and linear

of 35) were conducted in national journals. From

regression methods were used to variation in an-

2008-2011, there was seen least interest of the re-

nual and seasonal precipitation. The 69% annual

searchers about articles of extreme precipitation.

precipitation was recorded in Punjab and Khyber

This decline was due to less interest of research

Pakhtunkhwa (KPK) regions and 31% remain-

scholars in this field. While the steady interest

ing were from other regions of Pakistan.

in extreme precipitation research was measured

The work of Iqbal et al. (2019) has investigated

after 2011. Comparatively, three average number

the significant increasing trend of precipitation

of articles published per year in 2012-2020 was

from 0.25 to 1.25mm/year in summer and re-

two times greater than in 2008-2011 (1 paper per

duced from 0-0.25mm/year in the winter season

year). The focus of studies by scientists and re-

from 1951-2007 over northeast regions of Paki-

searchers was increased due to the construction of

stan. Overall, from 1995-2013, increasing precip-

new climate data series, statistical analysis of cli-

itation trends were observed during the monsoon

mate extreme events from various sources, avail-

and winter seasons, whereas decreasing trends

ability of various precipitation forecasting mod-

were detected in the pre-monsoon and post-

els, and re-analysis products that have become

monsoon seasons. The northeast and southwest

easily available over the last decade. However,

regions of Punjab show a 12.45% significant in-

more new insights about extreme precipitations
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researchers were noticed. Besides, the increased

examined changes in extreme wet and dry spells

frequency of extreme precipitation events was

during the summer monsoon season.

also noticed.

From 1951-2011, grided datasets were analyzed

The intensity of the heaviest extreme pre-

to assess the changes in wet and dry spells in

cipitation events is known to increase with

northern India and Pakistan. Nineteen articles

global warming. How often such events occur

out of the 34 were evaluated in various regions of

in warmer increased concerns for researchers

Pakistan. Nine papers were observed on changes

in this study duration. The fifteen articles were

in extreme precipitation trends in Pakistan ter-

conducted about extreme precipitation by Indian

ritory (Siddiqui and Rashid, 2008; Hussain and

scientists. Such research studies have highlighted

Lee, 2013; Naheed et al., 2013; Ikram et al.,

the changes in extreme precipitation in north-

2016; Nabeel and Athar, 2018; Rehman et al.,

east regions of Pakistan (Ding and Wang, 2009;

2018; Sajjad and Ghaffar, 2019; Aslam et al.,

Yao et al., 2010; Galarneau et al., 2012; Kale,

2020), 2 papers on Punjab regions (Abbas et

2012; Singh et al., 2014; Elalem and Pal, 2015;

al., 2014; u Minallah et al., 2018), 4 studies on

Agarwal et al., 2016; Befort et al., 2016; Vellore

Northern region (Imran et al., 2013; Iqbal et al.,

et al., 2016; Houze et al., 2017; Murata et al.,

2019; Waqas and Athar, 2019; Sadaf et al., 2020)

2017; Hunt et al., 2018; van der Schrier et al.,

and 1 paper was conducted on the Sindh region

2018; Viswanadhapalli et al., 2019; Romshoo et

(Abbas et al., 2018).

al., 2020; Zhang et al., 2020). Singh et al. (2014)

The precipitation intensity metric was analyzed

Figure 6. Number of papers published on changes of extreme precipitation.

364

Sohail Abbas · Mian Sabir Hussain · Sujeong Im · Bomi Shin · Seungho Lee

with many different indices. Hussain and Lee

for the 99% level are noticed in the Kotli and

(2013) was used the six rainfall categories daily

Muzaffarabad regions (Hussain and Lee, 2013;

with intervals of 95th-99th, ≥90th, ≥ 95th, ≥

Sajjad and Ghaffar, 2019). Ikram et al. (2016)

99th. This study also used seven equally spaced

categorized the two indices based on thresholds

quantiles to the 90th percentiles along with the

for the summer monsoon precipitation. First, the

most extreme 95th and 99th percentiles. The

extreme rainfall events are based on the thresh-

high intensity of the extreme events is found for

old of daily rainfall as 50mm/day, 100mm/day,

90pNoD, 90pT, 95pNoD, and 99pNoD during

and the second is for dry days as < 1mm/day.

1950-1979 and 1970-1999. Abbas et al. (2014)

Rehman et al. (2018) is characterized an annual

follow the same method as Hussain and Lee

maximum consecutive 5-day rainfall (RX5 day)

(2013) applying nine daily based rainfall indices

as heavy rainfall throughout 1976-2005.

and characterizing rainfall intensity as starting

The review analysis indicated trends of 1-day

from less than 1mm per day to a value of 50mm

and 5-day extreme rainfall over the Indus delta

per day. Moreover, the outcomes in the trend

of Sindh Pakistan from 1981 to 2015. The study

analysis of rainfall intensity might be different

indicates the dry condition in the investigated

with the same type of dataset series if different

span except for Rohari because it is located on

categorization is considered for analysis as in (Ab-

the highest in the Sindh (Abbas et al., 2018). u

bas et al., 2014). Abbas et al. (2014) found the

Minallah et al. (2018) is analyzed the intensity

significant trends of heavy rainfall days R10 (No.

of extreme rainfall days (%) with a threshold of

of days in which rainfall greater than 10mm)

30mm for 1981-2014 in Punjab, Pakistan. Iqbal

and very heavy rainfall days R20 (No. of days in

et al. (2019) declare the number of extreme rain-

which rainfall greater than 20mm) over the Pun-

fall days that have rainfall > 99 percentile during

jab regions. The regional maximum and mini-

the base period of 1961-1990 in the northern

mum R20 are noticed from 0-7 and 8-31 days,

region of Pakistan. No significant changes were

respectively.

observed in the trends of extreme rainfall, but

Imran et al. (2014) was reported the highest

significant extreme events trends were found

frequency of extreme events with rainfall greater

during the summer season in the northwest re-

than 100mm during 1991-2000 over the north-

gions of the Ghizer and Hunza. Ali et al. (2019)

east regions. While the frequency of extreme

indicated the increasing trend of the Rx1day,

rainfall events with ≥ 50mm/day is noticed over

Rx5day, R95pTOT, and R99pTOT in all prov-

southeast regions of Pakistan from 1961-2000.

inces of Pakistan. Baluchistan and Sindh show

The annual rainfall trends at > 95th percentile

non-significant trends while the regions in the

have indicated the increasing trends in the AJK

northern exhibit the more intense as compared

and GB regions over the last 54 years. While

to Southern regions. The analysis showed an

significant rising trends of the extreme rainfall

increase of 120mm in total rainfall and 122%
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and 100% rise in R95p and R99p, respectively.

and humid regions of Pakistan. In the semiarid

While Rx1day and Rx5day indicated a nonsig-

regions, no significant change was observed dur-

nificant increase in precipitation of 25mm and

ing the study period. Nabeel and Athar (2018)

50mm, respectively. In the KPK province, the

examined the comparatively longer (shorter) wet

increasing significant trend of the total rainfall,

(dry) spells in the northern and southern regions

R95p, R99p, Rx1 day, and Rx5 day was noticed.

of Pakistan. Naheed et al. (2013) was measured

The minimum increasing trends have been no-

the significant frequency of rainy days in the

ticed over the Sindh province. The main findings

north and northwestern regions of Pakistan for

indicated the maximum increasing trend of the

1961-2009 (49 years). From 1951-2015, there

R95p as compared to other indices in the last

is no significant change was noticed in the fre-

three decades particularly from 1990 onward in

quency and duration of wet spells in the northern

Pakistan.

region of Pakistan. But on the decadal level, the

The wet and dry spells are categorized through

frequency of the wet spells was found to increase

day-to-day precipitation variability over tropi-

in the last decade from 2006-2015. This increase

cal monsoon. Wet spells are long periods of ex-

in the frequency of wet spells is two times greater

tremely heavy rainy days. In contrast, dry spells

than in the last four decades. However, from the

are lengthy periods of dry. Few studies have been

last decades, the frequency of the wet spells is

conducted on wet and dry spells and their impact

increasing that causes the floods in 2010, 2013,

on summer monsoon rainfall in various regions

2014, and 2015 (Sadaf et al., 2020).

of Pakistan (Abbas et al., 2014; Hussain and Lee,
2014; Nabeel and Athar, 2018; Iqbal et al., 2019;

4) Regional distribution of precipitation

Nabeel and Athar, 2019; Sajjad and Ghaffar,

For the regional distribution of precipitation,

2019; Sadaf et al., 2020). Hussain and Lee (2014)

it is not possible to carry out the same analysis

are noticed the annual wet days from 1951 to

as performed for other precipitation features be-

2010. The negative trends with rainfall of 0.1mm

cause of the limited number of articles. As new

were analyzed in the central regions of Pakistan.

climate data sets and re-analysis products have

Comparatively, the greater (shorter) wet (dry)

become available easily over the last decade, new

spells were recorded in Northern and opposite in

insights into the climatological features of the

the Southern regions.

climate system have emerged. There has been a

Abbas et al. (2014) stated that more wet days

move away from the classification and distribu-

were recorded in the summer monsoon season,

tion description, and recent interest of research-

which leads to the flood in the Punjab region of

ers is concerned with climate modeling, climate

Pakistan during 1980-2010. From 1976-2007,

change, precipitation prediction, precipitation

the wet spells have a decreasing trend, while the

variability, and construction of the homogenous

increasing trend of a dry spell was found in arid

historical climate data series. Precipitation distri-
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bution is different in the plain regions than the

investigate the variation of regional precipitation

mountainous regions due to topography differ-

from the Indian Northeast areas to North Paki-

ences. In the high elevation regions, the weather

stan.

system interacts with topography results in high

Similarly, 11 papers have been attempted about

precipitation. The changes in precipitation about

the classification and distribution of precipita-

altitude make precipitation distribution more

tion in Pakistan (Baig and Rasul, 2009; Faisal

complex in high elevation regions. From the

and Sadiq, 2009; Hussain and Lee, 2009; Ali et

review analysis, 13 (6%) studies have been con-

al., 2012; Salma et al., 2012; Hussain and Lee,

ducted on the regional distribution of precipita-

2014; Sarfaraz et al., 2014; Ahmad et al., 2015;

tion. 5 out of 13 articles have been investigated

Pomee et al., 2020). Hussain and Lee (2009)

to understand the variation and distribution of

classified the six regions of Pakistan using a factor

precipitation in Indio-Pakistan regions by Indian

and cluster analysis method by station data from

scientists (Joshi et al., 1990; Soman and Kumar,

1980-2006. The distribution of the precipitation

1993; Hingane and Patil, 1996; Fitzpatrick et al.,

was characterized by a 10-day rainfall parameter.

2016; Stolbova et al., 2016).

Results reveal that northern regions (northern

Soman and Kumar (1993) obser ved the

mountains, sub-Himalayas, Pir Panjal, Ladakh,

regional-based Meteorological features that were

and the Karakoram) have wet climatic condi-

linked with the onset of the Indian monsoon. 22

tions, while the central regions, Baluchistan pla-

stations of daily datasets were used from 1901 to

teau, and western highlands have a dry climate.

1980. The main findings of this study show that

Thus, this classification is very important from

Southwest monsoon rainfall was entered Ist July

an agriculture point of view in Pakistan. Faisal

from the Jodhpur and Patiala regions of India

and Sadiq (2009) were categorized the climate

in Pakistan. Furthermore, the transition of the

region of the Pakistan through precipitation ef-

monsoon onset was noticed from the Eastern

fectiveness Index. The isoline tool was used to

Ghats to North Pakistan because of its topogra-

characterize the distribution of precipitation in

phy features. The identified onset and withdrawal

1959-2008. The highest rainfall distribution is

days from the previous study were calculated

measured in the North-West Frontier Province

using the variance of fluctuation methods from

(NWFP) and north Punjab. Rainfall trends in

the period of 1951-2014. The Eastern Ghats

these climate zones were investigated by Salma et

and north Pakistan (tipping points) indicate the

al. (2012).

highest variance of fluctuation of monsoon on-

The monthly data set from 1976-2005 were

set (Stolbova et al., 2016). The onset is triggered

investigated through statistical methods. The in-

from the Eastern Ghats to the Northern regions

creasing trend of mean annual precipitation was

of Pakistan in July. The gridded daily precipita-

found in Chitral while decreasing trends were

tion dataset from 1998-2014 was utilized to

measured in the Quetta and Karachi regions in
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both divided periods from 1976-1990 and 1991-

implications including heavy rains. The regional

2005. The precipitation amount varies from

and the local changes in precipitation distribu-

region to region. Ali et al. (2012) was measured

tion still deserve to study with interest in new ap-

the validation of the APHRODITE precipita-

proaches to describe the changes in trend shift of

tion data for Humid and sub-Humid regions of

precipitation.

Pakistan. The highest overestimation of APHRODITE precipitation data (about 40mm) was

5) Climate change impacts on human

recorded in Islamabad in March from 1971-1980.

Climate change is expected to intensify with

The highest or lowest rainfall vary from region to

global warming that likely increasing the inten-

region because of difference in altitude. Sarfaraz

sity of extreme precipitation events. Extreme Pre-

et al. (2014) was regionalized the climate of Paki-

cipitation has extensive impacts on humans. Pre-

stan using the Koppen Classification System.

cipitation, snowfall, and the timing of snowmelt

The precipitation distribution was character-

might have negatively affected the amount of sur-

ized across various regions of Pakistan between

face water and groundwater available for various

1980 and 2010. The highest precipitation dis-

purposes included drinking purposes, irrigation,

tribution (642-771mm) was noticed over sub

and industry. Changes in extreme precipitation

northern regions of Pakistan. 70% of the sum-

could disrupt a wide range of natural processes.

mer monsoon precipitation is contributed to total

Average earth’s surface temperature rises, more

annual precipitation. While the remaining 30%

evaporation occurs which, sequentially increased

of precipitation falls in the winter monsoon. Hus-

the overall precipitation. Therefore, a warming

sain and Lee (2014) exhibited the changes and

climate is expected to increase precipitation in

distribution of precipitation regimes. The results

many areas. Six studies have been analyzed about

confirmed the decreasing precipitation amount

the impacts of climate change on humans (Rasul

in the northern Punjab and sub northern regions

et al., 2004; Farooqi et al., 2005; Hussain and

of Pakistan during 1980-2010. While increasing

Afzaal, 2006; Priya et al., 2015; Ahmed et al.,

precipitation was quantified between 1960 and

2019).

1990 in the sub-northern regions of Pakistan.

A very limited number of papers have been at-

Comparatively, the mean annual precipitation

tempted to address the impacts of climate change

amount was less recorded over the last 30 years

on humans. The reason for this concern is due to

in monsoon-dominated regions of Pakistan. The

the lack of the researcher’s interest in this feature.

analysis of precipitation distribution changes

During this study period, more attention of the

across various altitude scales has remained a lim-

researchers was found in other precipitation fea-

ited concern during the 20th century. Significant

tures. Recently, with increasing trends of extreme

changes in precipitation in the 20th century

weather, the demand for the research concern is

are reflected in economic, social, and ecological

increased. Farooqi et al. (2005) explored the im-
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pacts of climate change on various perspectives of

for further emergence of precipitation research in

Pakistan during 1951-2010. The monthly datasets

the country as well in the region, an enhanced ef-

of 60 stations were used to assess the impacts

fort is needed on the national level. It is expected

of precipitation on climate-sensitive sectors like

that this review will play a significant role in

agriculture and forestry. The negative impact of

maintaining the history of precipitation research

extreme weather (risk of floods) was determined

work in Pakistan.

on the demand for water and human beings.

The present study is a review of the trend of

The climate change impacts on agriculture

precipitation researches in Pakistan published in

and water demand in mountain regions of Paki-

national and international journals from 1981

stan were also examined by Hussain and Afzaal

to 2020. The 210 research papers were selected

(2006). Monthly precipitation data sets of 9

for review from two national journals and eigh-

stations from 1971-2000 were utilized. The sig-

teen international journals. The proportion of

nificance of climate change for water resources

reviewed articles was 84% and 16% for inter-

not only relies on possible changes in resource-

national and national journals respectively. The

based supply but also depends on changes in

ratio of reviewed studies of various precipitation

the demand for humans in the northern regions

features was 54%, 21%, 16%, 6%, and 3% for

of Pakistan. By shifting the wind patterns and

atmospheric circulation, annual and seasonal

ocean currents that drive the world’s climate

precipitation, extreme precipitation, regional

system, climate change will also cause some ar-

distribution of precipitation, and climate change

eas to experience decreased precipitation in the

impacts on humans respectively. According to

northern regions of Pakistan. In addition, higher

the results, the number of published researches

temperatures lead to more evaporation, so in-

during 2009-2020 was four times greater than

creased precipitation will not necessarily increase

the research published during 1981-2008. The ar-

the amount of water available for drinking, ir-

ticles published on atmospheric circulations was

rigation, and industry. Thus, this has negative

rapidly increased and an average five of articles

impacts on human beings.

per year were reviewed during a selected period.
The research publication trends of annual and
seasonal precipitation have also been increased

4. Summary and Conclusions

during 2009-2020. In the case of extreme precipitation studies trend, the research published

This study provides a comprehensive and

in international and national journals were 82%

precise summary of precipitation researches in

and 18% respectively. While the limited num-

Pakistan. Within the last 20 years, precipitation

bers of the articles were reviewed on the regional

research has evolved as a predominant issue of in-

precipitation distribution and climate change im-

terest for climate scientists in Pakistan. However,

pacts on humans.
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Several studies have been conducted to assess

or insufficiently described in most previous stud-

the variability and trends of annual and seasonal

ies. There was no research work found to assess

precipitations. The results revealed the decreas-

the shift changes in the tendency of mean and

ing trend of annual precipitation in the northern

extreme seasonal precipitation. The influence of

Punjab and sub northern regions of Pakistan

atmospheric circulations on the shifting trends

during 1980-2010. While increasing precipita-

of precipitation in recent decades is also needed

tion was quantified between 1960 and 1990.

to investigate. However, the analyses of changes

Conclusively, from the findings of the present

in seasonal precipitation trends are insufficient.

reviewed study, as critical observation, it is noted

For this intent, at first most, the variability and

that precipitation variability revealed a decreasing

changes of the seasonal precipitation trends are

trend over the monsoon-dominated regions of

needed to investigate. Secondly, spatial variation

Pakistan in the last 30 years. The trend for the to-

and changes in seasonal extreme precipitation

tal amount of precipitation and number of rainy

trends would observe. Finally, the causes of these

days over southeastern Pakistan supports the

trend shift changes in seasonal precipitation

occurrence of heavy rainfall events. The average

should be investigated. Overall, this significant

number of rainy days for southeast Pakistan was

subject is required for a detailed study to under-

much less as compared to the main monsoonal

stand the trend shifts of precipitation in future

belt (northeastern part).

studies over Pakistan.

Similarly, some studies of extreme precipitation have also been investigated the intensity
of extreme and rare events extensively in the
country. From the analysis, it is concluded that
the Southeastern parts of the country experience a trend towards increasing the frequency
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of extreme events during 1991-2020 than 19601990. Furthermore, rainy days for southeast
parts were much less recorded as compared to
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shift in the trends of seasonal precipitation over
Pakistan during 1991-2020 and 1960-1990. The
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