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Abstract: This paper presents an examination of precipitation amounts
in Pakistan. For this purpose, the annual precipitation and the annual
number of precipitation days have been calculated, and a study aimed
at investigating precipitation intensity and decadal changes was
conducted. Precipitation trends have been calculated using a simple
linear regression method and Kendall’s tau-based test. To assess
stability and differences, a 10-year span was determined for each
precipitation region for the period of 1951-2010. This study focused
on the three CLINO (Climatological Normal) periods, namely 19611990, 1971-2000, and 1981-2010 (the latest global standard normal
period). Results confirm the gradual increase of annual precipitation
in southwestern coastal areas of Pakistan and Cholistan desert. With
regard to annual number of precipitation days, in the central part of
the country negative trends were evident for wet days (with precipitation ≥ 0.1 mm), while the number of rainy days (with precipitation
≥ 1 mm) displayed a prominent positive trend. The series of the
precipitation intensity gives evidence of a minor decrease in the
Baluchistan Plateau, sub-Himalayas, and Potwar Plateau during the
study period. Examination of secular trends evidenced that the Murree
hills, the upper Indus plain, and the northwestern Baluchistan plateau
have had shifts in their precipitation regime towards drier conditions,
while the central plain, the northwestern mountains, and the southern
part of the country are shifting in their precipitation regime towards
wetter conditions. Description among the means of precipitation
amounts suggests that “normal” precipitation data for various national
projects should be calculated for the last 30 years.
Key words: Long-term variability, precipitation trend, precipitation
regime, Pakistan, climatological “normals”

1. Introduction
Long-term trends in precipitation have been observed in
recent decades in many regions of the world. The variability of
these trends is dominant for estimating impact on human activities. The analysis of changes in precipitation on different
spatial and temporal scales has been of great concern during
the past century. Newly, there has been widespread interest in
investigating the changing trends of precipitation (Brunetti, et
al., 2000; Brunetti, et al., 2004; Htway and Matsumoto, 2011;
Kim et al., 2011; Villarini, 2011; Almazroui et al., 2012;
Buishand et al., 2012). Changes in precipitation are likely to be
more sensitive to climate change than the global mean total
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precipitation amount (Lau and Wu, 2007). Regional and local
changes in precipitation still deserve to be studied, specifically
with interest in new approaches as to describe changing
patterns of precipitation.
Precipitation variability and change intensely influence societal and natural environments throughout the world with
consequent impacts (Liebmann et al., 2004; Hänsel, et al.,
2007; Rehman, 2009; Efstathiou and Varotsos, 2012). These
impacts are growing concern worldwide. Particularly, the studies
of monsoon precipitation have been highlighted in recent era.
The changes and the variability of monsoon precipitation
directly affect the agriculture and the water resources. Several
researchers have analyzed the variability of the Indian summer
monsoon and the Asian summer monsoon as well as their
causes and relationship with the regional phenomenon and the
atmospheric circulation (Wang and Ding, 2006; Wang and
Ding, 2008; Zhou et al., 2009a, b). Zhou et al. (2008) investigated the combination of global land monsoon area and total
rainfall accumulation and found a weakening trend. Similarly,
Zhang and Zhou (2011) studied the changes of global land
monsoon precipitation during the whole twentieth century. The
authors detected an increasing trend in first half of the
twentieth century and a decreasing trend during second half of
the twentieth century in the Northern Hemisphere. To understand the monsoon variability from a global perspective, it is
essential to study the role of ocean forcing. Zhou et al. (2008)
explored a weakening trend of changes in global monsoon
precipitation during the recent half century, which was the
mainly caused by the warming trend over the central-eastern
Pacific and the western tropical Indian Ocean.
Several authors have analyzed precipitation variability in
different regions of the world, particularly in South Asia (Wang
and Fen, 1999; Syed et al., 2006; Hassan et al., 2007; Shahid,
2009; Kulkarni et al., 2012; Hussain and Lee, 2013). The
occurrence and time and space variability of monthly and
annual precipitation in Pakistan have been studied by a number
of researchers, for example by Kazi (1951), Khan (2004),
Farooqi et al. (2005), Hussain and Lee (2009), Afzal and
Zaman (2010), and Hussain and Lee (2013). These researchers
have studied the spatial patterns of precipitation and its yearto-year variations in association with prevailing various local
and regional conditions. Pakistan receives a smaller amount of
precipitation therefore this small amount of precipitation has a
large variation. An increasing trend and the decadal precipi-
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tation variability founded from north to south in Pakistan
(Naheed and Rasul, 2011). Sherazi et al. (2004) confirmed this
decreasing trend over north-central Pakistan. The change in
temperature and precipitation is already evident in many parts
of the world, including Pakistan (Gadiwala, 2006; Sajjad et al.,
2009a, b; Rasul et al., 2011). According to a report by the
Intergovernmental Panel on Climate Change (IPCC), precipitation during the 20th century has increased an average of
+20% in northern Pakistan, +10% in its central regions, and
+40% in southeastern Pakistan (IPCC, 2007; Naheed and
Rasul, 2011).
Several climatologists have used the term “normal” for the
traditional 30-year period (1961-1990, 1971-2000) (Unganai,
1992; Pnevmatikos and Katsoulis, 2006; Lupikasza, 2010).
Hence, to determine the length of record, the location and
history of the weather station is required. The most efficient
“normal” can be between 35 and 40 years for stations with
minor relocations (Sabin and Sulman, 1985; Pnevmatikos and
Katsoulis, 2006). The current standard normal period is 19611990. Alternatively, a different fixed period (1971-2000) could
be employed for this purpose. Under the current methodology,
the period 1981-2010 becomes the current base-period, because
a number of new products, including satellite products, have
been introduced since 1981. Therefore, the 1981-2010 period
is the first opportunity to present normals for these climatic
products (Trewin, 2007; WMO, 2007; Arguez and Vose,
2011). In this study, efforts are made to examine the precipitation dataset using different (1961-1990, 1971-2000, 19812010) climatic normals. Thus, the present research examines
precipitation data in order to assess whether Pakistan’s precipitation pattern has changed or not, and if it has changed, what
the possible effects and impacts on different climatic “normals”
are. For this purpose, total annual precipitation, number of
rainy days, number of wet days, and precipitation intensities
have been calculated.

2. Data and methodology
The daily precipitation data of 32 weather stations situated in
Pakistan during the period 1950 to 2010 is used in the present
study. Data was obtained from the Pakistan Meteorological
Department (PMD). The network of stations is satisfactorily
distributed in Pakistan, thus well-representing the precipitation
of the study area (Fig. 1). One of the most significant characteristics of this dataset is that it is a record of the longest
available time series of daily precipitation in Pakistan.
Hussain and Lee (2009) classified the rainfall regions in
Pakistan. The present study aims to examine changes in precipitation in the precipitation regions of Pakistan identified by
Hussain and Lee (2009). These identified precipitation regions
successfully follow the precipitation division of Pakistan by
physical features.
Data quality is a significant part of precipitation studies
(Pnevmatikos and Katsoulis, 2006), this because of data collection that takes place over many years and across many stations.

Fig. 1. The location of the 32 weather stations used in this study for
the period 1950-2010.

The quality and reliability of data used in the present study
thus had to be ensured. After digitizing the data, an annual
time series from each station was plotted to identify any
obvious outliers. Here, the same procedure was adopted as for
the series examined by Hussain and Lee (2013).
After data completion, the series of precipitation data for the
32 selected stations is first used to determine annual anomalies
relative to total annual precipitation, number of rainy days,
number of wet days, and precipitation intensities. Wet days
were categorized into two groups: as number of rainy days
(with precipitation ≥ 1 mm), and as number of wet days (with
precipitation ≥ 0.1 mm). Annual values are defined as being
within the period 1 January to 31 December. Winter values
refer to the period from December to February of the next
year, spring from March to May, summer from June to August,
and autumn from September to November.
However, annual precipitation, number of rainy days, number of wet days, and precipitation intensity are not enough to
describe the nature of precipitation changes. It is important to
know whether changes in precipitation are due to a change in
the number of days with either extreme precipitation or with a
small amount of precipitation. For this purpose, the spatial and
temporal trend variability and their trends in precipitation
changes were studied for the period 1950 to 2010.
A key step in this process is to reveal changes or trends in
precipitation records. The linear relationship is the most common method used for detecting precipitation trends. For linear
trends, the slope of trends is calculated by the least squares
regression method. Trends in total annual and monthly precipitation are estimated using Kendall’s tau-based test (Zhai et al.,
2005). This method is non-parametric and does not assume the
distributional form for the study data. In counting the number
of precipitation days with and without precipitation (hereafter
wet days) using a baseline of 0 mm day−1, the number of days
which recorded 0 mm day−1 were considered to be days without
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Table 1. The spatial distribution of the numbers of dry and wet years
for the 32 meteorological stations.
No

Meteorological
Station

Number of wet
years

Number of dry
years

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Lahore
Jhelum
Hyderabad
Bahawalpur
Dalbandin
Islamabad
Jiwani
Multan
Quetta
Muzafarabad
Zhob
Faisalabad
Jacobabad
Karachi
Murree
Badin
D. I. Khan
Moenjodoro
Parachinar
Panjgur
Sargodha
Chhor
Gilgit
Nokkundi
Pasni
Rohri
Sibbi
Chitral
Khuzdar
Padidan
Peshawer
Saidushrif

14
10
7
11
10
8
7
7
12
11
12
10
4
12
7
14
13
20
12
15
16
13
17
20
14
19
9
10
16
20
11
15

17
17
14
10
16
12
12
12
17
11
19
14
16
11
11
11
6
7
10
8
8
5
5
6
8
7
11
11
8
7
9
4

precipitation. Similarly, in recording the number of rainy and
dry days using a baseline > 0.1 mm d−1, days with precipitation of under > 0.1 mm d−1 were considered to be dry days. For
both baselines, the days on which observed precipitation over
the baseline amount were recorded as days with precipitation.
To determine a standardized annual precipitation departure
for all stations an analysis procedure was used (Pnevmatikos
and Katsoulis, 2006). The spatial distribution of the number of
wet and dry years was obtained. A transformed annual rainfall
departure zi is derived for each station as:
2

xi – x
,
Zi = -----------δ
where xi represents the annual total precipitation, x2 is the
annual mean precipitation over the entire length of the record,
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and σ is the standard deviation of annual precipitation. For the
interpretation of results, rather than using contour lines, Table
1 gives an accurate comparison of the stations. An explanation
of the areal precipitation based on contour lines is not very
reliable in regions where station-to-station distances are vast
and where orography is a significant factor, as is the case with
Pakistan. The spatial distribution of the numbers of dry (zi ≤
−0.5) and wet (zi ≤ 0.5) years is presented in Table 1.

3. Long-term variability and changes of precipitation
a. Changing trends in the annual precipitation
The annual precipitation shows a significant trend during the
period 1950-2010 in Pakistan. The general tendency is towards
a constant increase (stronger in regions 1, 2, and region 6 as
evident in the results, Fig. 2). In region 1, the CLINO-periods
1971-2000 and 1981-2010 show positive trends in the annual
precipitation. The period 1961-1990 displays decreasing trends.
Results confirm the gradual increase of precipitation in Baluchistan plateau (28o53N, 64o24E, elevation 848 m) and the
southwestern coastal areas of Pakistan. Region 2 comprises the
central plain and Cholistan desert (29o24N, 71o41E, elevation
144 m). Results show that in Cholistan total precipitation has
increased during the recent last decade of the data series. The
CLINO-period 1961-1990 and 1981-2010 have positive trends
in total precipitation, while, interestingly, the CLINO-period
1971-2000 shows a significant decreasing trend in total precipitation. Region 3 has significant negative trends in total
precipitation during all three CLINO-periods. Region 4 covers
the northwestern mountains, including the sub-Himalayas,
Karakorum, and the Hindu-Kush ranges. The annual precipitation indicates positive trends in region 4. Region 5 comprises
the Murree hills (33o54N, 73o02E, elevation 2291 m) and the
Pir Panjal mountain range. In this region, the CLINO-periods
1961-1990 and 1971-2000 have significant increasing trends,
notably, the CLINO-period 1971-2000 shows significant upward trends. The last 30 years, from 1981 to 2010, show a
stronger and more significant negative change in the annual
precipitation. In the region of the upper Indus plain (32o56N,
73o44E, elevation 236 m), the CLINO-period 1961-1990 indicates no significant trend, while the CLINO-period 1971-2000
displays increased precipitation. However, in the last 30 years
of the dataset the bulk of moisture in the upper Indus plain
domain and foothills area of Pir Panjal mountains was lost
again.
According to Kendall’s tau-based test, region 1 and region 2
show significant annual increasing trends, whereas the annual
trends for region 2 and region 5 are non-significant (Table 2).
In region 3 and region 4, annual trends of precipitation show
significant negative trends. When comparing Kendall’s taubased test, the trends of different time periods evidenced
variable behavior of all regions within the dataset. When
looking at monthly trends, region 1 and region 2 are most pronounced for increasing trends. In region 1, May and June show
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Fig. 2. The trend of annual precipitation by regions.

significant increasing trends of precipitation for the period
1950-2010. In region 2, June showed the highest increasing
trends of precipitation. Moreover, it becomes apparent that
region 1 and region 2 are situated in the southwestern and
central parts of the country, which showed more positive
precipitation trends than the northern parts of the country.
In region 3, precipitation has decreased in almost all months,
except for September. In region 4, June and March showed

increasing and decreasing precipitation trends respectively.
The precipitation records of region 5 show negative trends
during the period April to December. The month of June shows
significant increasing precipitation trends, whereas winter
months show non-significant positive trends. In region 6, the
precipitation trend is most pronounced in the month of June,
however, the winter months showed non-significant decreasing
trends in region 6 for the period 1950-2010.
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Table 2. Significance of the nonlinear trend, the Kendall’s tau-based trends for different time periods for the precipitation regions.
Region 1

Region 2

Region 3

Region 4

Region 5

Region 6

Annual

0.10

0.07

-0.32

-0.50

-0.08

0.14

January

0.38

0.16

-0.16

0.14

0.04

-0.06

February

0.36

0.32

-0.23

0.06

0.04

0.09

March

0.37

0.12

-0.12

-0.28

0.03

0.04

April

0.39

0.23

-0.25

0.00

-0.15

0.02

May

0.45

0.26

-0.08

-0.14

-0.07

0.08

June

0.43

0.40

0.06

0.32

0.26

0.24

July

0.18

0.25

-0.09

0.04

-0.12

0.10

August

0.36

0.29

-0.04

-0.14

-0.23

0.09

September

0.31

0.22

0.13

0.08

-0.11

-0.07

October

0.40

0.17

0.03

-0.09

-0.11

-0.09

November

0.35

0.07

-0.04

0.17

0.00

0.02

December

0.23

0.15

-0.20

-0.07

-0.16

-0.08

Significance level:

Positive trends

Negative trends

0.2
0.1
0.05
0.01

b. Changes of the annual number of precipitation days
With regard to annual number of precipitation days, two
indices were used in the present study, ≥ 0.1 mm and ≥ 1 mm.
In region 1, there was a slow decrease in number of wet days
(with precipitation ≥ 0.1 mm) (stronger in region 4 than the
other regions as evident in the results), whereas a constant
increasing trend was evident for the number of rainy days
(with precipitation ≥ 1 mm). In the central part of the country
negative trends were evident for wet days (with precipitation
≥ 0.1 mm), while the number of rainy days (with precipitation
≥ 1 mm) displayed a prominent positive trend. In region 2, the
behavior of wet days is quite different from that observed for
the indices of ≥ 0.1 mm and ≥ 1 mm, due to the contribution of
the last 30 years as evident in results. In region 3, wet days
(with precipitation ≥ 0.1 mm) showed no change over long
periods of time, however, the last 30 years have indicated a
significant negative change. This change in precipitation indicates that 1981-2010 is a key period in understanding changes
in precipitation events (Fig. 3).
In the northern part of Pakistan, the number of wet days
(with precipitation ≥ 0.1 mm) is decreasing, where a regression line has indicated a significant negative change. At the
same time, there is no change in the number of rainy days (with
precipitation ≥ 1 mm). The results indicate that moisture is
decreasing in region 4. In region 5 and region 6, there is no
change in the number of wet days (with precipitation ≥ 0.1
mm), while the number of rainy days (with precipitation ≥ 1
mm) shows a significant negative change and a significant
positive change in region 5 and region 6 respectively. The last

30 years of the investigated data series display a decreasing
trend in both regions, namely region 5 and region 6, while the
normal-period of 1971-2000 shows a stronger increasing
change in region 5 (Fig. 4).
c. Changes of the precipitation intensity
The weak and significant positive trends in total precipitation
and the slow and significant positive trends in wet days indicate no trends in precipitation intensity. The application of the
least square linear fitting to the precipitation intensity series
gives evidence of a minor decrease in the Baluchistan Plateau,
sub-Himalayas, and Potwar Plateau during the period 19502010. In region 1, the CLINO-period 1961-1990 showed a
negative trend, although this was not statistically significant.
The CLINO-period 1971-2000 and the CLINO-period 19812010 indicate non-significant positive trends. In region 2, the
CLINO-period 1961-1990 showed a significant positive trend
in the intensity of annual precipitation. The trend line for these
30 years is extremely prominent in the whole dataset.
In the central plains and the southern desert, the last 30 years
of the studied period show negative change. Region 3 displays
a significant negative change in precipitation intensity. The
normal-period 1961-1990 shows positive change in precipitation intensity in region 3, while the last 30 years of the dataset
shows significant negative change. In region 4, stronger and
more significant trends in total precipitation and weak and insignificant negative trends in the number of wet days indicate a
slow increase in precipitation intensity. In region 5, the CLINOperiod 1961-1990 and CLINO-period 1971-2000 display sig-
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Fig. 3. The trend of annual precipitation days (with precipitation ≥ 0.1 mm) by regions.

nificant positive trends, while the CLINO-period 1981-2010
shows a significant negative trend (Fig. 5).
d. The decadal changes of precipitation
The long-term trend of total precipitation shows a steady
increase in all regions except region 3. Decadal changes in precipitation during the period studied have significant variability.

In region 1, the decade comprising the 1970s and 1980s shows
a shortfall of precipitation throughout the study period. The
last two decades of the dataset (1990s and 2001s) show no
particular change. Region 1 received the lowest amounts of
precipitation during the decade comprising the 1970s. Region
2 covers the central plain and southern desert of the country.
This precipitation region covers the large area of land in the
country. In region 2, all decades of the period studied show
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Fig. 4. The trend of annual precipitation days (with precipitation ≥ 1 mm) by regions.

significant variability. This decadal variability is visible in a
time series of the annual precipitation in Pakistan. According
to previously investigated precipitation records (Hussain and
Lee, 2009), the limits of dry and wet areas in Pakistan are
shifting slightly from the northeast to the central and southern
parts of the country.
Apparently, this shifting of precipitation belts is an important

reason for decadal variability. The decades of the 1970s and
the 1960s showed the highest and lowest amounts of precipitation in the central plains area respectively. The last two
decades of the dataset (1990s and 2001s) display no particular
change. In region 3, where a regression line indicates significantly downward trends, the last decade of the study period
shows a positive change with a 10 mm increase in precipitation.
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Fig. 5. The trend of annual precipitation intensity by regions.

The northwestern areas received the highest precipitation
during the decade of the 1950s. In region 4, the available data
of precipitation covers three decades. The 1990s boasts the
highest precipitation, while the last decade of the time series
displays reduced precipitation. Results indicate decreasing precipitation during the last decade of the data series in region 5
and in region 6. In region 5, the last decade (2001s) of the
investigated dataset shows a significant negative change with a
decrease in precipitation of 384.2 mm in comparison to the

second last decade (1991s) of the studied dataset. This region
received the highest amounts of precipitation during the 1990s.
Similarly, region 6 displays a significant negative change with
a decrease in precipitation of 127.42 mm (Fig. 6).

4. The possible causes and the mechanism of precipitation changes
The amount and timing of precipitation and its distribution
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Fig. 6. The trend of the decadal changes of precipitation by regions.

across Pakistan are controlled predominantly by the annual
monsoon system and the western disturbances. In Pakistan,
50% to 75% of the precipitation is associated with the summer
monsoon (Kazi, 1951; Hussain and Lee, 2009, 2013). Thus,
monsoon is the obvious dynamic controlling factor of precipitation in north-east and southern Pakistan, therefore, monsoon
does not penetrate into the western and north-western areas of

the country. Region 1 and region 3 are consisted on the Baluchistan plateau and the coastal precipitation region. These
regions collectively characterized the region by having lowest
amount of summer precipitation. It is observed that summer
average precipitation drops between 3 mm to 5 mm in northwestern Baluchistan (Hussain and Lee, 2009). These areas are
located far from the monsoon winds, therefore does not
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receive monsoon precipitation. The greater importance of
these regions is winter precipitation. The reason for this winter
precipitation behavior is the influence of the western disturbances. Region 4 represents the north western Pakistan. This
region is characterized by receiving the high amounts of late
winter and early spring precipitation. A particular positive
phase of the Arctic Oscillation, the North Atlantic Oscillation
and warm ENSO phase have positive impact over northern
Pakistan, Afghanistan and Tajikistan (Syed et al., 2006). The
immense reason for the decadal variability of precipitation in
north west Pakistan could be the positive phases of the Arctic
Oscillation and the North Atlantic Oscillation. Baig and Rasul
(2010) investigated the effect of Eurasian snow cover on precipitation of Pakistan and found slightly positive relation with
northwestern part of the country.
Region 2, 5 and 6, covered the southern-central plains,
Murree hills and Pir Punjal mountains and the upper-Indus
plain. This set of regions specially can be pointed out to be the
most copious precipitation in summer. In summer, the monsoon
from Bay of Bengal, move towards north and east where they
are being blocked by Assam hills in India where they are
orographically lifted and then after giving rains to Cherrapunji
move towards west into main land of Indo-gangetic plain
(Shahid, 2009). Obviously as they move towards west, their
moisture content got lesser and lesser therefore Pakistan has
experience the tail end of these monsoon. In Pakistan, the
influence of monsoon does not go beyond the Himalayas
mountain. The topographical barrier such as Margalla hills,
Murree hills and Pir Punjal range are received high precipitation on southern slops in monsoon season. In these
regions, maximum precipitation occurs in July-August (41.3%)
and lowest values are recorded in December (Hussain and Lee,
2013). Guhathakurta and Rajeevan, (2008), confirmed increasing trend of summer monsoon in Jammu and Kashmir during
August, which is the neighboring region of the Murree hills. It
seems that this increasing summer monsoon precipitation in
the Murre hills and upper-Indus plain has deep relation with
Indian summer monsoon. The coastal areas and inner-southern
areas get moisture from the Arabian Sea (Hassan et al., 2010).
During the last CLINO-period (1981-2010), a physical
clarification of the enhanced precipitation, mainly in big cities,
is the increasing population, industrial development, construction of the infrastructure such as road-networks and expansion
of buildings. With respect to the main central land of the
country, middle and upper Punjab, the possible cause of increasing precipitation is extensive growth of urbanization rapid
increase of the population and the number of vehicles mainly
after 1980. The urbanization effect in big cities refers mainly
to maximum air temperature (an increase 2oC) and to the
warmer seasons of the year (Sajjad et al., 2009a). The speedy
urbanization in Pakistan from 1980 has significant effects on
urban climate change. The possible main factors, which cause
urban induced changes in precipitation, are the mechanical
turbulence resulting from increased surface roughness, the
addition of sensible heat from the urban warm air and the

anthropogenic condensation nuclei floating in the urban air.
These factors are responsible for extreme events in central
main land and urban areas of the middle Punjab.

5. Conclusions
The present research may provide knowledge of precipitation
trends in Pakistan. First, the changing trends in total annual
precipitation, number of precipitation days, number of wet
days, and precipitation intensity can be clarified in the data
series. The annual precipitation shows significant trends during
the period 1950-2010 in Pakistan. This study has shown vibrant
evidence that most areas of Pakistan have undergone shifts in
their precipitation regimes. A comparison of the means from
the old climatic period (‘normal’) with the recent normals
shows the observed trends of the precipitation shift in the
country. The wetter conditions have alternated with long dry
periods more severe than before in the north and northeastern
part of Pakistan. Examination of secular trends evidenced that
the Murree hills, the upper Indus plain, and the northwestern
Baluchistan plateau have shifted in their precipitation regime
towards drier conditions, while the central plain, the northwestern mountains, and the southern part of the country are
showing shifts in their precipitation regime towards wetter
conditions.
According to the results, region 1 and region 2 show significant annual increasing trends, whereas the annual trends for
region 2 and region 5 are non-significant trends. For region 3
and region 4, annual trends of precipitation show significant
negative trends. The general tendency is towards a constant
increase (stronger in regions 1, 2, and 6). In region 1, there was
a slow decrease in the number of wet days (with precipitation
≥ 0.1 mm) (stronger in region 4 than in the other regions as
evident in the results), whereas there was a constant increasing
trend in the number of rainy days (with precipitation ≥ 1 mm).
Precipitation data indicates that 1981-2010 is a key period in
understanding changes in precipitation events. The weak and
significant positive trends in total precipitation and the slow
and significant positive trends in the number of wet days
indicate no trends in precipitation intensity. Decadal changes in
precipitation during the period studied have significant variability. Precipitation has decreased during the last decade of
the investigated dataset in region 4, region 5, and in region 6.
In Murree hills and Pir Punjal mountains, the last decade
(2001-2010) of the investigated dataset displays significant
negative change with a decreasing precipitation of 384.2 mm,
in comparison to the second last decade (1991-2000) of the
studied dataset.
Present study is an inclusive document about precipitation
variability and its changing regime in Pakistan. In Pakistan, the
impact of precipitation on agriculture is most important because
the area is one with high temperatures, a dry climate, and
thunder and storms, all of which affect the production of crops.
The relationship between the changes in precipitation and
agriculture creates a new horizon for research and high yield
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purposes. In South Asian region, agriculture productivity is
sensitive to characteristics of monsoon precipitation (Sivakumar
and Brunini, 2005). As reported, Pakistan is an important
country in terms of agriculture, and the agriculture of the
country is largely dependent on precipitation (Hussain and Lee,
2008). Pakistan’s agriculture decline feeds huge population of
its own and neighboring countries like Afghanistan, Middle
East and several Central Asian countries. The agriculture in
whole of Pakistan is under threat, resulting in direct and
indirect impacts of precipitation on agriculture that could coast
millions of dollars.
In the southern Pakistan, yields of the wheat crops predict to
decline and in the northern area minor improvements in yields
(Sultana at al., 2009). Maize is the second most important
cereal crop after wheat in Pakistan but its yield per unit is very
low. Interestingly, in precipitation increasing areas, the yield of
the maize is improved (Rashid and Rasul, 2009). Due to water
shortage, production of the sugarcane under a climate change
scenario may no longer viable. Sugar prices have more than
doubled over the past decade. Hence, precipitation in the study
area is critical to agricultural planning and development.
Additionally, the water resources of the study area largely
depend on precipitation. Not much work has been done in this
vitally important area in the country. The analysis of changes in
precipitation of a long-term data series and expected findings
will be good news to the farmer, as well as to the planners of
water reservoirs and local dams. Long-range planning should
incorporate this probability. This research may be relevant to
design standards for infrastructure like drains, bridges, roads,
and dams.
In summary, it can be stated that: (i) the rains period have
become shorter across most of the northwestern mountains and
the upper Indus plain; (ii) the precipitation regime in Pakistan
has changed considerably over the past 30 years; and (iii)
mean or ‘normal’ precipitation values calculated for periods
earlier to 1980 are outdated and should no longer be used for
operational infrastructural development, agriculture, and hydrological purposes. The gradually changing precipitation climatology requires more frequent updating of the climatological
‘normals’. Description among the means of these precipitation
amounts suggest that “normal” precipitation data for various
national projects should be calculated for the last 30 years.
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