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ABSTRACT 
Rainfall variability was examined throughout the Province of Punjab extended over a time period 
of 45 years (1961-05) using precipitation data. The spatial and temporal variation in rainfall was 
observed. Area weighted rain was calculated by using the area factor assigned by computerized 
data processing centre (CDPC) Karachi. Punjab has been divided into two main regions Northern 
Punjab and Southern Punjab. This study was carried out to elaborate the direct and indirect 
impacts of rainfall on society especially on agriculture sector. This research work identifies the 
rainfall shifting pattern for Punjab. Correlation has been found among GPCC (global 
precipitation climate centre), climate research unit (CRU) and Observed data. The SPSS 
(Statistical package for social sciences) software and some other softwares were used to diagnose 
the trend and shifting patterns of rainfall on pentad, decadal and 15 years basis. Kolomogorov-
Smorinov test (Non parametric test) was used to define the characteristics of rainfall for different 
regions. Rainfall variability of Punjab was analyzed on seasonal basis. The pentad basis analysis 
did not show any significant change in the province. Pentad time series of rainfall showed overall 
increasing trend during 1976-80, but there was a decreasing trend for the last pentad 2001-05 in 
the province. The analysis shows that major part of Northern and Southern Punjab depicts clear 
shifting of rainfall towards the northern east and southern west of the province respectively. These 
results illustrate a positive indication for the agriculture and hydrological activity in these areas. 

Introduction: 
Pakistan has agro based economy which is mainly dependent on the amount of precipitation receive 
during winter and summer monsoon. Precipitation has pronounced effect on agricultural lands of the 
country. The crop patterns are mostly selected according to the amount of rainfall received by the area in 
Pakistan. For instance, the regions that receive plenty of rainfall, has been considered most suitable for 
the rice crop cultivation, it requires more water as compared to the others. Similarly, farmers usually 
prefer drought resistant crops for cultivation for the areas which receives scarce amount of precipitation. 
Sometimes, especially during the monsoon season, regions under the influence of monsoon receive heavy 
precipitation events which in turn results into flash flooding and epidemics like “Dengue Fever”. 

Reported by Chaudhry (1992) the frequency of heavy rainfall events is much higher in the Northern parts 
of the country as compared to the Southern parts. The flash flooding is therefore a threat to the agriculture 
sector and eventually to the economy of Pakistan. Water reservoirs are specially designed keeping in 
mind the available water resources. Winter Precipitation serves as a good water source along with the 
snow and glacier.  Hence, precipitation is vital to the water resource management. Water courses which 
are driven by the natural topography and amount of input water are affected by the precipitation. It has 
been observed during the ages that all the civilizations have been settling along the rivers and where the 
available precipitation is abundant for agriculture and domestic usage. Precipitation has ever lasting 
effects on health as well. The quality of underground water is largely dependent on the available 
precipitation. Though other factors are also involved but precipitation plays an important role in 
refreshing water channels and reservoirs. 

The study of long term climate change plays an important role to understand the mechanism of both 
global and regional climate. The Fourth Assessment report of Inter Governmental Panel on Climate 
Change (IPCC, 2007) indicates that the earth’s temperature has risen considerably especially since 1950, 
this change in temperature brought variability in rainfall. Many evidences show that precipitation also 
exhibits long term change in many places of the world. Many arid areas have been changed into semiarid 
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and vice versa. In this study, the regional precipitation characteristics and trends in Punjab have been 
examined to identify vulnerable areas.  The precipitation during the 20th century has an average increased 
over continent outside the tropics but decreased along the desert (Habiba et al., 2002). According to this 
study there is an increasing trend of precipitation over Asia, Australia, Southern and Northern America 
whereas the rainfall has decreased over the African continent, desert of Southern America. Precipitation 
in the mid and high latitude of the Northern hemisphere has been increased 2 to 4 % since the latter half 
of 20th century. The continental precipitation has been increased by 5 to 10 % in the Northern hemisphere 
but decrease in northwest of Africa and in some parts of Mediterranean during the 20th century. Monsoon 
a component of global circulation system since geological time have a dominant part of the climate over 
the Indian sub continent. Asian monsoon study is very important due to its important role in the changing 
of global climate,therefore it has attracted global attention. Majority of literature dealing with rainfall 
variability has been published to investigate the variability of precipitation over Asia especially in 
summer monsoon (Yashino, 2008).A real effort has been depicted to study the extreme precipitation 
events which are associated with the drought and floods. In the first meeting of southern Asian R .R .N 
(Regional research network) (Kriplani, 1995), it was pointed out that the Asian monsoon is one of the 
important parameter for the study of ocean, land and atmosphere system. There has much effort been 
done by the India meteorological agency to study the variability of rainfall. A correlation between 
variability of rainfall for Bangladesh and India has been analysis (R.H Kriplani 1995). The diurnal, 
semidiurnal and seasonal variation in Taiwan has been studied by T. singh, 1999.The study on climate 
normal of Pakistan (1961-1990) shows that due to an increase in monsoon cloudiness and rainfall there 
was cooling over northern Pakistan, Kashmir (Afzaal et al., 2009).  

  Punjab is the second largest province after the Balochistan with total area of 205,344 sq km. It is located 
at 31°, 79’48’’ Latitude and 74°, 12’36’’ Longitude. Punjab population is the 56 % of the country‘s total 
population and its area is the 26 % of the total area of Pakistan. There are 36 districts in Punjab. In the 
North of it lies administered Kashmir and Islamabad, Indian state of Punjab and Rajasthan in the East. 
The Sindh province is in the South and the Balochistan province lies in the Southwest. The 
Khyberpakhtunkhwah lies in the west. In this study Punjab is distributed into two parts i.e. Northern 
Punjab and the Southern Punjab according to the rainfall pattern. In Northern Punjab, Jhelum, 
Rawalpindi, Attock, Chakwal, Sialkot, Narowall, Mandi Bhauddin and Islamabad are included, where as 
southern Punjab consists of districts Bahwalnagar, Bahawalpur, Multan, Rahim Yar Khan, Khanpur. The 
Northern parts of the province receive good amount of rainfall throughout the year as compared to the 
southern parts. Southern westerly monsoon rainfall (July to August) plays a very vital role to lessen the 
moisture stress during summer and enhance the agricultural activity of these areas while winter rainfall 
(December to March) due to western disturbances also became helpful for growing of Rabi crops in 
Northern Punjab. These areas lie in that region where the probability of interaction of westerly and 
easterlies weather system is more, due to which this region is always under the threat of extreme events of 
rainfall that may cause torrential rains. The climate of southern Punjab almost remains same throughout 
the year. Only monsoon system brings majority of rainfall but it is not sufficient enough to fulfil the 
agricultural requirements of this region. Therefore most of the agriculture relies on river, canals and well 
irrigation activities. In Southern Punjab, proper irrigation is required to carry out the agricultural activities 
while the northern Punjab especially potohar region is rain fed area and crops can be grown under 
supplementary irrigations. The climate pattern for both areas is different. Northern Punjab is wet whereas 
southern Punjab is drier.  The weather pattern for both areas is different. The Northern Punjab is more wet 
and southern Punjab is little drier than the Northern Punjab. Upper areas of the country experience fairly 
cool weather, accompanied by the westerly by mid February to mid April after that there is a transition 
period and temperature start to rise until the summer heat set in. The onset of southwest monsoon is 
anticipated to reach Punjab mid of June through Sialkot or Lahore division.  

The majority of the literature deals with the relationship between interannual variability of Indian 
Monsoon and varying boundary conditions like snow cover, S.S.T( sea surface temperature),El-Nino and 
SO (Shukla, 2000; Sikka, 1980; Pant and Parthasarathy,1981; Rasmussoon and Carpenter, 1983; 
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Ropelewski and Hal pert, 1987; M. Rajeevan et al., 1998). Gregg M and Garfin-wall (1999) examined the 
interannual variability of Asian Monsoon precipitation (1953-1982) by using instrument data. The 
interannual variation of Asian Summer Monsoon is strongly related to the SO like ENSO relation with 
global precipitation which was determined by Ropelowski and Hal pert 1988; Gaillardias and Diaz 1989; 
Allen et al., 1996; Kane 1997). The diurnal variation of Taiwan summer rain at most ARMTS (Automatic 
Rain Meteorological Telemetry System) stations are compared to the yearly mean rainfall by Chen et 
al.,(1999), result shows that the maximum daily rainfall is several hours ahead in Taiwan (Chen et 
al.,1999) than normal values. 

Data and Methodology: 
The monthly data used in this study base on three data sets.  

(1): PMD (Pakistan meteorological department).  

(2): GPCC (Global precipitation climatology centre) (0.5° Resolution) pointed data  

(3): CRU (Climate Research Unit) point data for 1961-2005 with 0.5° resolution. 

The monthly data for the period (1961-2005) is also online available from climate explorers 
(http://climexp.knmi.nl/start) website that is recognized by World Meteorological Origination (W.M.O). 
“A statistical test gives a clue for making quantities decisions about a process or processes” (Storch, 
1999).The data set are analyzed by using statistically techniques linear regression and coefficient of 
correlation. In research, the correlation is often measured as a correlation coefficient that points the 
strength of a linear relation among random variables. The coefficient of co-relation for two different 
dataset measured as 

r=Sxy / √SxxSyy 

r=indicates the direction and strength of the relationship. 

Sxx = sum of GPCC data 

Syy = sum of Observed data 

Sxy = sum of the product of first and Second Scores. 

If the value of r is near 0 it indicates no linear relationship and the data is scattered. But if the value of r is 
near ±1 indicates a strong relationship between different datasets and the regression is linear.  

Correlation of Summer Rainfall 
SUMMER RAINFALL OBD CRU GPCC 
 

OBD  
 

Pearson Correlation 1 .944(**) .962(**) 
Sig. (2-tailed)   .000 
N 585  585 

CRU  Pearson Correlation .944(**) 1 .948(**) 
GPCC Pearson Correlation .962(**) .948(**) 1 

Correlation of Winter Rainfall 
WINTER RAINFALL OBD CRU GPCC 
 

OBD  
  

Pearson Correlation 1 .912(**) .903(**) 
Sig. (2-tailed)   .000 
N 585  585 

CRU  Pearson Correlation .912(**) 1 .904(**) 
GPCC Pearson Correlation .903(**) .904(**) 1 

** Correlation is significant at the 0.01 level (2-tailed). 

The main application is to test the goodness of fit with the normal and uniform distribution. The 
Kolmogorov- smirnov test is one and two goodness-of-fit-statistics, that is a popular goodness-of-
statistics. It compares specified distribution function with an empirical distribution function. Many other 
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tests like Anderson-Darling test and the Cramer-von Misestest are more difficult to calculate. The 
Kolmogorov- Smirnov statistics is easy to compute (Storch, 1990). 

Let X1, X2, X3…..Xn be random variable in which the cumulative distribution function (CDF) equal to 
F(x). 

Dn=sup [Fn(x)-F(x)] 

In above equation sup is the supermom of the set of distances. 

The test is valid if the Dn value is small and rejected it if the value of Dn is large. For this purpose the 
value of ά-level or t-test, Z-test determinedly given index .K-S test is better for large sample value.  
(J. Pomeranz, 1973) and (J. Durbin. 1968) applied the same test for small sample but there was no nice 
solution after tabulated the critical values. The K-S-1 test is also used by Chaudhry (1992) in his study of 
monsoon precipitation for the period of 1901-1990. 

Result and Discussion 
For the investigation of rain shifting pattern three aspects are taken in this study. 

First of all trend in rainfall (increasing or decreasing) will be described, secondly temporal change and 
thirdly spatial change in rainfall will be discussed. 

Trends in rain fall 
Summer pentad Rainfall variability for the period 1961-2005 
There is a decreasing trend during 1961-65 periods. Average change in rainfall is observed 
-9.5743 mm. The total change for this period is -47.87 mm. The maximum rain is in 1961 that is  
100.7 mm and after that there is gradual decrease up to next two years. However minimum rain was 
recorded in 1965. A total change observed for the period is not significant. Rainfall variability 
analysis carried out over the period 1966-70 presented below shows a gradual increasing trend but 
less pronounced than for the period (1961-1965). However an increasing trend was observed during 
this period (. Although maximum rainfall recorded is less than the 1961-65 and there is no gradually 
decreasing or increasing trend. Average change is 1.45 mm and net change for this pentad is 7.25 
mm. The maximum change occurred with p-value=0.26435, that is not statistically significance. The 
analysis for 1966-1970 revealed that there is an increasing trend. Total change during this period is 
27.75 mm. whereas per year average change is 5.56 mm. The increasing trend is not uniform, 
maximum rain was observed in 1973 that is 117.9 mm. Table 2 shows that there is no change during 
the period 1966-70 and 1971-75.The P-value remains same. Based on the data for 1976-1980, the 
mean annual rain for this period is 12.090 mm. There is frequent change as shown in Figure 1(a).The 
maximum rain is received in 1976, then there is a decrease and an alternate increase for next year and 
so on .But it depicts negative trend in rain. However the change is not measurable statistically. Slope 
for the data set 1981-1985 indicates an upward trend with time. The 1981-1985 distribution shows 
that the rainfall for consecutive years 1983 and 1984 is same followed by a lower value. Total change 
in this pentad is 16.4. Linear trend is not an exact smooth line, it means the observed change has not 
occurred gradually. Linear trend reveals almost the same variation as observed in the previous pentad. 
The mean annual change for 1986-1990 was 4.6623 mm. The inter pentad variability is not specified. 
Phase of annual rainfall variation exhibits increasing trends over the mentioned period. The peak rain 
fall is depicted in 1992 and 1994, and the lower peak rain fall took place during the year 1991and 
1993-variability seems to be uniform. Average rain fall per year is 4.93 mm. Maximum and minimum 
values occur twice in this pentad and the maximum rain fall in this period (1991-1995) is almost 
same. The cyclic variation can be seen in this period also. Every increasing trend follows a decreasing 
trend and vice versa. Annual average change is -1.2353 mm, which is the minimum variability as 
compared to above discussed period. It is observed that after 1997 there is gradual decrease in rainfall 

 64 



Issue 19 Cheema, S. B., M. Hanif  

up to 2005. Highest negative variation was represented in the duration for 2001-2005. The total 
change for this period is -26 mm. A smooth change is investigated for this period. 

None of the 45 years represents the area weighted rain more than 120 mm. The lower 5 years value 
occurs in the period 2000-2005. Maximum values recorded is 121 mm and lowest value is almost 50 
mm. Almost same tendencies of summer rainfall are seen from 1981-1995. Opposite tendencies of 
area weighted summer rainfall are observed during the successive periods 1971-75 and 1976-1980. 
The time series showed the pulsating characteristics of rainfall. A total change 0.09 mm is observed 
for the study period. However during the first ten and last five period of analysis observed 
precipitation below normal. Time series of Punjab summer Monsoon rainfall for the data 1966-2005 
is shown in Figure 1(b).The series shows a continuous sequence of increasing and decreasing trend. A 
total change for these forty years observed is 5.2 mm. However the first five years are observed to 
show slightly increasing trend with total change of 13.75 mm. Similarly in the third era a sharp 
increasing trend is observed with total change of 21.5 mm, which is the maximum change for the 
analysis period. On the other hand a decreasing trend is also observed during 1976-85 and 1996-2005 
with a net decrease of -36.6 mm and -22.5 mm respectively. It means long term series depict a regular 
pattern in precipitation. A minimum rainfall observed in last decadal and maximum rainfall is shown 
in second decade in Figure 1(b), the time series of average area weighted rain fall. The study period is 
divided in three equal sections each of 15 years. First Sesquidecade had relatively high average area 
weighted precipitation value as shown in below Figure 1(c). In the third Sesquidecade precipitation is 
lower than the first and second section respectively. A total change of 0.09 mm detected. In 1961-75 
period trend is positive with total change of 15.03 mm. The linear trends for 1976-90 and 1991-05 are 
down wards with respect to time. On the other hand linear trend for 1961-75 is upward which shows a 
positive change (increasing trend) in rain fall. The amount of average rain fall in the first decade is 
high those that in the middle and last decade. The time series 1991-2005 in Figure 1(c) shows a total 
variation of -16.86 mm. It is clear that there is a decreasing trend of rain fall for analysis period on the 
basis of 15 years time series. In the Z value Table 1(page-22) probability change for pentad, decadal 
and 15years is also represented. 

Winter Precipitation Trends 
Precipitation in Punjab is received in both season (summer and winter).Western disturbance (WD) 
approaches the upper parts of the country. While in summer Easterlies are dominant. Trend analysis 
for both seasons is compulsory, because trend analysis for winter provides different picture as 
compared to summer. On the other hands summer rainfall are relatively higher than the winter rain 
fall. Figure 2(a) depicts the average area weighted winter precipitation of Punjab from 1961-1965. 
The height of graph represent the quantity of precipitation received in particular year. During the year 
1962 and 1964 max rain was received. A total change observed for this pentad is 7.1mm, but the 
average change for this period is 1.4205 mm. A pulsating change can be seen in the Figure 2(a). The 
analysis for this period shows a continuously decreasing trend in winter precipitation. Only in 1967 
there is a decreasing trend. The maximum precipitation in 1967 can clearly be seen. For the Last 3 
years there is a drastic fall in rain fall. Although maximum area weighted rain is higher than the 
aforementioned period. The largest change occurs for the last 4 years. A total change -25.5 mm was 
observed for this period. Another variability trend is established in Figure 2(a) as shown below. The 
pattern is totally opposite as compared to the previous one (1966-1970). Average change for this 
period is 2.91 mm whereas total change occurred in prescribed period is 14.55 mm. It has been 
observed that the maximum precipitation was received in 1975, which shows that western disturbance 
remained active for this year. The increasing trend in precipitation is almost same as described in 
previous pentad. However rain fall observed is larger in 1980 than any other year up to 1961-1980. 
Rainfall is maximum for one year and remained normal for next two years as shown in Figure 2(a). 
As a whole the rainfall trend is positive (rainfall increased). A total positive change 31.5 mm is 
calculated among 1976-1980. Trend of winter precipitation seems to be increasing. In this pentad 
most of the study years depict moderate deficit in rainfall. The heaviest amount of rainfall recorded 
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43.8 mm and 42.6 mm in the years 1981 and 1985. The large deficit in rainfall is in the year 1983. 
Trend line is not so steep. Average rainfall trend is -2.54 mm/year. A total change for this pentad is  
-12.5 mm. Figure 2(a) demonstrates annually characteristics of area weighted rainfall in the Punjab 
during the five years period of 1986-1990. After 1987 an increasing trend is observed. The pentad has 
an increasing trend 7.0465/ year. It is observed that after 1991 there is gradually decrease in rainfall 
up to 1994. Highest negative variation in rainfall is shown in 1993. The total change for this period 
(1991-1995) is -10 mm. A smooth change has been investigated for this period. The variability 
pattern from 1996-2000 is shown in the Figure 2(a), which indicates that most of the rainfall after 
1997 is of the magnitude 25.8 to10.3 mm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Time series of (a) pentad, (b) decadal & (c) Sesquidecade Area weighted  

Summer (JJAS) Rainfall over Punjab (1961-2005) 
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Figure 2(b) below is a similar graphical representation as ascertained in the pentad 1966-1970. 
Rainfall is deficient in all the years except 1997. The highest amount of rainfall reported was 33.6 
mm. During the season the rain fall is moderate except 1997. A total change of -16.5 mm is 
calculated. The 2000 is the driest year. Winter season start from December and end to the march of 
the next year. Our study period is 1961-2005.Therefore winter season can be accounted only up to 
2004.The last pentad contain 4 years. Rainfall analysis carried out over the period 2001-2004 is 
presented in Figure 2. In 2001 rain is defiant and in the next year there is recorded heaviest rain and 
same pattern followed for the next two years. Overall trend is positive. A maximum change shift 
observed 21.5 mm, whereas average annual change occurred 4.26 mm. Forty five years pentad time 
series of area weighted monthly precipitation for the period 1961-2005 is shown in Figure 2(a). The 
analysis revealed that the rain fall trend is positive in 1961-65, 1971-75 and 1976-1980. Out of 9 
pentad time series four showed the rain fall is above normal. Trends of area weighted rain fall showed 
negative trend during the years 1966-70, 1981-85, 1986-1995 and 1996-2000. In the pentad 1991-
1995 and 1996-2000 the rain fall is almost normal. A total change of 2.7 mm is recorded for the 
analysis period. The largest increase has been observed in 2001-2004. The significant change for each 
period has been described in Table 3. Time series of Punjab area weighted precipitation over the 
period 1966-2005 shown in Figure 2(b) .The slope lines show the annual average precipitation trends 
and reflects inter decadal variability. Curved lines show the winter precipitation of each decadal and 
horizontal line denotes the average precipitation of the 40 years over the study periods. The slope 
shows the decreasing trend in precipitation during the decadal 1966-75. Curve of 1996-2005 almost 
lie below normal. In the decadal 1986-95 precipitation observed above normal. The curve of 2nd 
decadal represents the average precipitation trends. No trend line is steeper over the study periods, 
which shows that in winter over all the precipitation trend is fluctuating. Time series of area weighted 
precipitation for Punjab using 15 years series is drawn for study period 1961-2005 In general winter 
rain fall is less variable. Total change occurred 2.7 mm. The change in 1961-1975and 1976-1990 is a 
significant change. For all three data sets (GPCC, OBD & CRU) changes occur at 91 %and92 % 
confidence level (CL) during the 1976-1990 there is heavy rain as compared to other two time span. 
In the last 15 years rain fall is normally below normal. 

Kolmogorov-Smirnov Z Test 
Kolmogorov Smirnov Z Test is applied to find out the significant change for the Observed data and 
(GPCC) data. The analysis is performed to study the significant change on the yearly, pentad and 
fifteen yearly basis data sets. Table 1 shows the change occurred for both the season (summer and 
winter).It can be seen that there is no significance change in the study periods except during these 
periods 1966-75and 1976-85 for summer season while 1961-75 and 1976-90 for winter season 
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Figure 2: Time series of (a) pentad, (b) decadal & (c) Sesquidecade Area weighted  
winter (DJFM) Rainfall over Punjab from (1961-2005) 

Spatial Change 
Numerous efforts have been made in this study to investigate the variation of Punjab rain fall-one of them 
is spatial variation. The spatial variation in Punjab is one of the important tools to study the climatology 
of particular region. Therefore that is necessary for us to know how the spatial variation is significant in 
comparison with the rain fall climatology. A better understanding of spatial variation in Punjab rain fall is 
very important in the planning of many human activities, such as fishery, transportation, agriculture and 
water management. For this purpose Kolmogorov-Smirnov Z values are calculated by using SPSS 
(Stastical package for social sciences) software and define the P-value for a given value of Z. The 
significance level also describes the shifting trend of precipitation.  

(b) 
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Summer Spatial Change  
The seasonal precipitation shift has been recognized by using Kolmogorov-Smirnov Z Test. The Z 
value Table described the probability parameter by keeping in view of P-value. Kolmogorov Smirnov 
test gives information about the shifting pattern of rain for a particular region. In this chapter an 
attempt is made to measure the positive or negative change for different periods and to investigate 
whether the change is statistically significant or not. Spatial change in summer is analyzed on the 
basis of pentad, decadal and 15 years period. 

Spatial Change in the Period 1961-65 & 1966-70 
In North Punjab Murree, Rawalpindi, Attock divisions indicate negative trend similarly in South 
Punjab Lahore, Rahim Yar khan and its adjacent areas indicate the same decreasing pattern. In 
Khanewall rainfall probability has increased (P-value=0.12302). However change is statistically not 
significant at 5 % level for Faisalabad, Khanewall, Dera ghazi khan, Mianwali and Multan.  But in the 
upper region there is no positive change to see. There is also no significant change to see above 
Mianwali and Dera Ghazi Khan. 

Spatial Change in the Period 1966-70 & 1971-75 
South east areas indicate positive trends and areas in the upper most part of North Punjab characterize 
a positive change. Similarly South west region like Bahwalnagar represent a positive trend in rain. In 
Faisalabad Division rainfall probability has increased (P-value=0.13567) this change is positive 
significant. Over central Punjab there is also a positive change that has been seen during this pentad. 
However pattern is somewhat in reverse order as compared to afore said periods. It means the positive 
trend has shifted downward for this pentad. Thus we can say the change is not in a specified pattern 
but there is a fluctuation in rain. 

Spatial Change in the Period 1971-75 & 1976-80 
During this period no change has been seen in South Punjab. Noteven a statistically significant 
change is observed for North Punjab. All over the South Punjab rain rate has decreased. For example 
over the Bahwalnagar District rain has changed from 75 % to 74 %. Figure 3 depict the positive trend 
occur towards the North east side, as this positive significant change is not realistic. There is a 
negative trend only over some specified region,this change is minimum in a little area of Bahawalpur. 

Spatial Change in the Period 1976-80 & 1981-85 
Four periods has been described in the below Figure 3. In central south Punjab rainfall is less than the 
north regions. In north Punjab Sialkot and Attock district shows heavy amount of precipitation. The 
maximum rainfall occurred in Rawalpindi region. Rain fall pattern has been shifted towards the North 
east of Punjab. There is no significant change at confidence level. The Z value shows that same 
change occurs over Mianwali, Bahawalpur and D.G. Khan. Precipitation is lower above Sargodha and 
Multan. However these changes are not measurable and not significant statistically. Similar pattern 
can be seen in Lahore and Multan etc. 

Spatial Change in the Period 1981-85& 1986-90 
Figure 3 depicts that south East region around Bahwalnagar shows positive variation during this 
period. But the change above Faisalabad and Lahore regions are insignificant. No Significant change 
occurs over North or South Punjab. Again in North Punjab there is a positive change observed in the 
North east regions like Sialkot. The Increasing trend of rain has been seen along the border of India. 
In the southern parts of the province no specified change is seen except a few pockets shows 
increasing expansion along Bahawalpur division. 
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Spatial Change in the Period 1986-90 & 1991-95 
In this period Multan, Dera Ghazi Khan shows an increasing behavior of rain (P-value = 0.10565). 
Hence it is a significant change at 90 % (CL). But there is no change occurred in rainfall pattern over 
Faisalabad and Lahore regions etc. Again in North Punjab there is no such positive significant 
changes occurs. The increasing trend of rain has shifted upward in South Punjab. In the southern parts 
rain rate has decreased as before. 

Spatial Change in the Period 1991-95 & 1996-2000 
During this period there is a negative change in precipitation trend occurred all over the south regions. 
The south west Punjab adjacent to the Sindh Province has a significant change. The precipitation rate 
is also increased over the North East Punjab (Sialkot etc). Whereas there is no change can be seen in 
Jhelum. Precipitation rate has decreased from 83 % to 91 % in the lower south west region (Khanpur, 
Multan,). These changes are statistically significance. Dera ghazi khan and its surrounding area show 
also negative change during this pentad. In this period rain rate may be shifted upwards and in the last 
pentad the pattern seems to be shift downwards towards the Multan and other areas of the southern 
Punjab. Faisalabad division shows a positive change of 95 % confidence level. P- Value has been 
changed from 0.632 to 1.265. 

Spatial Change in the Period 1996-2000 & 2001-05 
The five years monthly precipitation has a positive trend (P-value = 0.17106) for Murree and other 
subdivision of North Punjab. As well as rainfall over Sialkot, M-wali and Islamabad represents a 9 % 
increase, although it is not a significant change. Similarly an increasing trend is observed for  
B-Nagar. 
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Figure 3: Spatial distribution of the Pentad Summer rainfall (mm) over Punjab. 

Spatial Change in the Period 1966-75 & 1976-85 
Results of the Z-test for Sialkot, Multan show no significant change. (P-value = 0.254). The other 
divisions which also received excess rainfall in this period were the subdivision of Rawalpindi, 
Faisalabad and Bahawalpur with a significant change of 94 %. The intensity of precipitation has been 
increased over the district of central Punjab and upper Punjab.  

 Spatial Change in the Period 1976-85 & 1986-95 
In the first decade there is a low precipitation over the South Punjab. The North region especially 
upper parts and North east part like Sialkot represent a positive significant increase at 74 % to 87 % 
level (p-value = 1.11842). In south Punjab expect Bahwalnagar and Sargodha all the station 
represents non significant change. Over the central Punjab the change is more prominent as compared 
to the Upper Punjab. The increasing trend has shifted towards the South Punjab as well as decreasing 
trend observed along the Okara and its surrounding region. The maximum change occurs over 
Bahawalnagar, Chakwal and Jhelum Districts respectively. A minimum-value =0.31918 represented 
for Multan. 

Spatial Change in the Period 1986-95 & 1996-05 
The rain rate has decreased over Sialkot, this change is significant for Khanpur with confidence level 
90 % (p-value = 0.110). On the Other hands Islamabad, Bahawalpur and Mianwali represent the same 
trend with P-value = 0.319. There is no significant change occur over Mian-wali and Bahawalpur in 
this period. Overall there is decreasing trend for South and North Punjab. The significance rainfall has 
changed over Khanpur and Dera Ghazi Khan respectively as shown in the given Table 2. 
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Figure 4: Spatial distribution of the Decadal Summer rainfall (mm) over Punjab. 

Spatial Change in the Period 1961-75 & 1976-90 
As shown in Table 2 the Z Value for nine stations represent an increasing tendency with a significant 
change (P-value). There is an increase in rainfall in the majority of eastern Punjab areas. In North 
Punjab positive trend of rain has transferred towards the west part of North Punjab. While in the 
South Punjab the increasing trend of precipitation has been shifted towards the South west region in 
the South Punjab. Intensity of precipitation has increased in the central Punjab as well as in the upper 
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western part of the province. Probability parameter shows a maximum change for Mianwali, Murree, 
Lahore and Jhelum districts. 

Spatial Change in the Period 1976-90 & 1991-2005 
Figure 5 reveals the decreasing tendency of rain fall during the phase 1991-2005, except some parts 
of central Punjab. The rain rate has decreased over Lahore, Faisalabad and Dera Ghazi Khan Division 
except a few pocket of decrease over Rahim Yar Khan and adjacent areas of Multan. However the 
change is negative for the South Punjab, though the deficiency in rainfall is not significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: Spatial distribution of the Sesquidecade Summer rainfall (mm) over Punjab. 

Spatial Change for Winter Season   
In winter season Punjab gets rain mainly from western disturbances. These disturbances are such weather 
system which comes from west and disturb fair weather of the province. Their contribution is almost 30 to 
40 percent in annual rainfall. Usually western disturbance produce snow and rainfall in upper parts like 
Murree. The rains associated with these weather systems are very advantageous for Rabbi Crops especial 
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in North parts. Even sometimes Southern parts also get rain from these weather systems. These 
disturbances are driven by westerly. Seldom western disturbances coincide with monsoon and causes 
heavy rainfall. One such event occurred in July 2010. 

Spatial Change in the Period 1961-65 & 1966-70 
During this period there is no change has been occurred in north Punjab, except over Multan and 
Khanewall. But that is not a statistically observed change. All over the South Punjab Rain rate has 
increased but that is not an accountable change. Figure 6 depict that the positive trend occurs towards 
the south east side. Since the change has been shift from Rawalpindi towards the Gujrat and Jhelum 
districts. There is a positive trend only over some specified region as shown in figure 6, however a 
minimum change is observed in a little area of Chakwal and Khushab. 

Spatial Change in the Period 1966-70 & 1971-75 
In North Punjab Murree, Rawalpindi and Attock divisions indicate negative trend similarly in South 
Punjab Lahore, indicate the same decreasing pattern in the amount of rainfall. In Jhelum rainfall 
probability has increased positively from 67 % to 76 %. All the changes are statistically significant at 
5 % level of confidence for Faisalabad, Dera Ghazi Khan, Mianwali and Multan. This positive change 
has been shifted from Bahwalnagar to Faisalabad and Multan division respectively. But in the upper 
region no positive change has been seen. There is also significant change over Mianwali and Dera 
Ghazi Khan. 

Spatial Change in the Period 1971-75 & 1975-80 
Temporal change and rainfall trends have been discussed already. First approach describes an 
increasing or decreasing trend, while second approach provides information about active and break 
phase of summer and winter monsoon. Four periods has been described in the Figure 06. In central 
south Punjab rainfall is less than the north and south regions. In north Punjab Sialkot and Attock 
district show same amount of precipitation. The maximum rainfall occurred in Rawalpindi region. 
Rain fall pattern has been shifted towards the south west Punjab. A minor change occurs in north east 
part of north Punjab. There is no significant change at confidence level 5 %. The Z value shows that 
same change occurs over Mianwali, Sargodha, Bahawalpur and DG_Khan. However these changes 
are not measurable and not significant statistically. Similar pattern can be seen in the Lahore,  
Multan etc.  

Spatial Change in the Period 1976-80 & 1981-85 
Figure 6 depicts that central region around Bahwalnagar, Multan and Lodhran shows negative 
deviation. But the change above Faisalabad and Lahore regions is insignificant. Significant change 
occurs over Sargodha and Khanewall region as shown in Figure 06. Again in North Punjab there is no 
such positive significant changes occurs. The increasing trend of rain has shifted upward in South 
Punjab. In the southern parts rain rate has decreased as before. 

Spatial Change in the Period 1981-85 & 1986-90 
For this period there is a positive change occurred all over the province. The east south Punjab show a 
positive trend in rain. The precipitation rate has been increased over the south west Punjab (Mianwali, 
Bhakhar, Jang etc). In North Punjab there is no change in Jhelum and Islamabad but rain has 
increased in Murree and Sialkot. Precipitation has increased from 73percent to 83 percent in the lower 
south west region. Again these changing are statistically non significance. Dera Ghazi Khan and its 
surrounding area show now change during this pentad. As seen in below Figure 6 precipitation rate 
may be shifted towards south west and in the last pentad the pattern seems to be shift upward towards 
the Jang and other areas of the eastern Punjab. Faisalabad division shows a positive change of 95 % 
confidence level. P- Value has been changed from 0.632 to 1.265.  
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Spatial Change in the Period 1986-90 & 1991-95 
For this period there is a positive change occurred over Faisalabad. The east North Punjab like Gujrat 
shows a positive trend in rain. The rain rate has decreased over the south west Punjab (Rahim Yar 
khan, Rajan pur, Muzaffargarh etc). During this period in Northern Punjab the increasing rain pattern 
has been shifted to the eastern side, while in Southern Punjab the negative trend shifts westword. 
Lahore, Faisalabad and Bahawalnagar divisions show positive trend, though it is not significant. 

Spatial Change in the Period 1991-95& 1996-2000 
South east areas indicate negative trends and areas in the upper most part of North Punjab represent a 
statistically significant change. Similarly Southwest region like Bahwalnagar represent a positive 
trend in rain. This change is positive significant. Over central Punjab there is no positive or negative 
change in P-vale have been seen during this pentad. However pattern is somewhat in reverse order as 
compared to the fore said periods. It means the positive trend has shifted upward for this pentad. Thus 
we can say the change is not in a specified pattern but there is a fluctuation in rain. 

Spatial Change in the Period 1996-2000 & 2001-05 
In North Punjab Murree, Rawalpindi, Attock divisions indicate no specific change in precipitation 
pattern, similarly in South Punjab Lahore, indicate again an increasing pattern. In Jhelum rainfall 
probability has decreased from 79 % to 66 %. All the changes are statistically non significant at 5 % 
level for Faisalabad, Dera ghazi khan, Mianwali and Multan. This positive change has been shifted 
from Bahawalnagar to Faisalabad and Multan division  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 76 



Issue 19 Cheema, S. B., M. Hanif  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6: Spatial distribution of the Pentad Winter rainfall (mm) over Punjab. 
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Spatial Change in the Period 1966-75 & 1976-85 
The rain rate has decreased over Sialkot. The change is significant for Khanpur with confidence level 
90 % (p-value = 0.110). On the other hands Islamabad, Bahawalpur and Mianwali represent the same 
trend with P-value=0.319. There is no significant change in precipitation occur over Mian-waliand 
Bahawalpur. Over all there is decreasing trend for South and North Punjab. The significant rainfall 
has changed over Khanpur and Dera Ghazi Khan Respectively as shown in the given Table 3. 

Spatial Change in the Period 1976-85 & 1986-95 
The rain rate has increased over Sialkot, The change is not significant for Bahawalpur with 
confidence level 90 % (p-value = 0.110). On the Other hands DG.Khan and Bahawalpur represent the 
same trend with-value=0.319. There is no significant change occur over Mian-wali, Bahawalpur. 
Over all there is decreasing trend for South and North Punjab. The significance rainfall has not 
changed over Khanpur and Dera Ghazi Khan Respectively as shown in the given Table 3. 

Spatial Change in the Period 1986-95 &1996-2005 
The rain rate has increased over Sialkot, Murree, Jhelum and D.G khan. The change is significant for 
Islamabad, Sialkot, Lahore and Bahwalnagar with confidence level 90 % (p-value = 0.110). On the 
Other hands Sargodha, Multan, Bahawalpur and Mianwali represent the same trend with  
p-value = 0.319. There is no significant change occur over Punjab. Over all there is an increasing 
trend for Southern and Northern Punjab. The significance change in rainfall has occurred for above 
mentioned station as shown in the Table 3. 
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Figure 7: Spatial distribution of Decadal Winter rainfall (mm) over Punjab (1966-2005) 

Spatial Change in the Period 1961-75 & 1976-1990 
The rain rate shows whole positive values concentrated over Bahwalnagar, Sargodha and Faisalabad, 
then decrease over Rahim Yar Khan. The Z-value of rainfall change for the entire station is given in 
Table 3. It may be observed from Table that the lowest value of z and P-value= 0.29116 have been 
obtained for the sub division of   Rawalpindi and Layyah in North and South Punjab respectively. It is 
seen from the Figure that all of the division of this province show the lowest variation. Though there 
is a significant change for Sialkot and Lahore. 
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Spatial change in the periods 1976-1990 and 1991-05 
The sub divisional probability of rain varies from 7 % in the case of Bahwalnagar and 2 % in the case 
of Jhelum subdivision.  The other regions which also received excess rainfall in the period 1991-05 
were the subdivision of central Punjab. The Z Value Table 3 show maximum change for Islamabad. 
However no change can be seen over Murree. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 8: Spatial distribution of the Sesquidecade Winter rainfall (mm) over Punjab. 

Conclusions 
• On the basis of five year time series during summer (JJAS) 1971-75, sharp increase in rainfall 

was observed. 

• It was observed that there are five increasing trend and three decreasing trends during summer 
1961-2005 while a total area weighted change of 0.09 mm was observed. 

• There are five increasing trend and three decreasing trend during an analysis of winter pentad 
time series. 

• Analysis of spatial change the GPCC, CRU and observed data set showed same pattern for all 
over the Punjab. 

• Five year analysis shows that no significant change in rainfall was observed spatially in Punjab.  

• Ten year annual analysis shows that the significant change was observed in North Punjab (Murree 
and Sialkot) in Central Punjab (Faisalabad, Lahore, D.G.khan) while in south the change occurs 
especially over central Punjab and then same pattern shift tangentially downward. 

• Fifteen year annul analysis shows that if the amount of rainfall increase in future then rainfall 
pattern will shift in south eastern direction in north Punjab while in south western direction for 
south Punjab. 

• If the rainfall pattern shifts then it will impact a lot to the agricultural activity especially the 
cropping pattern in that region. 
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Table 1: Kolmogorov-Smirnov Z TEST 

NON PARAMETRICTEST Z-value 
(summer) 

Z-value 
(winter) 

P-value 
(summer) 

P-value 
(winter) 

1961-65 &1966-70 0.632 0.632 0.26435 0.26435 
1966-70 & 1971-75 0.632 0.949 0.26435 0.17106 
1971-75 & 1976-80 0.632 0.632 0.26435 0.26435 
1976-80 & 1981-85 0.316 0.632 0.37448 0.26435 
1981-85  & 1986-90 0.316 0.316 0.37448 0.37448 
1986-90 & 1991-95 0.316 0.632 0.37448 0.26435 

1991-95 & 1996-2000 0.632 0.632 0.26435 0.26435 
1996-2000 & 2001-05 0.632 0.632 0.26435 0.26435 
1966-75 & 1976-85 1.18 0.894 0.11900* 0.18673 
1976-85 & 1986-95 0.447 0.447 0.32636 0.32636 

1986-95 &1996-2005 0.671 0.671 0.25143 0.25143 
1961-75 & 1976-90 (OBD) 1.461 1.461 0.12302 0.12302 

1961-75 & 1976-90 (GPCC) 1.430 1.23 0.14457 0.10935* 
1976-90 & 1991-05(OBD) 0.548 0.730 0.29116 0.23270 

1976-90 & 1991-05(GPCC) 0.548 0.91 0.23270 0.18141 
*Significant change  

 
Table 2: Kolmogorov-Smirnov Z Test for pentad, decadal and Sesquidecade Summer spatial change. 

 Stations 
Periods BPR BNGR FSD KPR LHR MWALI MLT SGD DGK ISD JHL SLKT MURR 

1961-65&1966-70 0.52 0.65 0.90 1.16 0.90 0.78 0.78 0.52 0.90 0.52 0.78 0.65 0.52 
1966-70&1971-75 0.66 0.66 1.10 0.66 0.66 0.83 0.66 0.66 0.66 0.99 0.66 0.66 0.99 
1971-75&1976-80 0.63 0.32 0.95 0.95 0.63 0.63 0.95 0.95 0.63 0.63 0.63 0.32 0.63 
1976-80&1981-85 0.63 0.63 0.63 0.63 0.95 0.63 0.63 0.63 0.63 0.95 0.63 0.63 0.95 
1981-85&1986-90 0.63 0.63 0.95 0.32 0.63 0.95 0.63 0.63 0.63 0.63 0.32 0.63 0.63 
1986-90&1991-95 0.63 0.63 0.95 0.63 0.63 0.95 1.27 0.63 1.27 0.32 0.63 0.63 0.32 
1991-95&1996-00 1.27 0.32 0.95 1.27 0.63 0.95 1.27 0.63 1.27 0.63 0.63 0.32 0.63 
1996-00&2000-05 0.95 0.63 0.95 0.95 0.63 0.63 1.27 0.32 0.63 0.95 0.95 0.63 0.95 
1966-75&1976-85 1.12 0.89 1.57 0.89 1.34 1.34 0.45 1.34 1.34 1.57 1.57 0.67 1.34 
1976-85&1986-95 0.45 1.12 1.57 0.45 1.12 0.45 0.45 1.57 0.89 0.67 0.45 1.12 1.34 
1986-95&1996-05 0.67 0.89 0.89 1.12 0.45 0.45 0.67 1.57 1.12 0.67 0.89 0.67 1.34 
1961-75&1976-90 1.28 1.28 1.64 0.55 1.46 1.46 0.73 1.10 1.10 1.46 1.46 0.91 1.28 
1976-90&1991-05 0.91 0.91 1.46 0.73 1.10 0.73 0.73 0.73 1.10 0.55 0.37 0.55 0.73 

 
Table 3: Kolmogorov-Smirnov Z Test for pentad, decadal and Sesquidecade Winter spatial change 

 Stations 
Periods BNGR BPR FSD KPR LHR MWALI MLT SGD DGK ISD JHL SLKT MURR 

1961-65&1966-70 0.63 0.63 0.63 0.63 0.63 0.95 0.63 0.63 0.63 0.63 0.63 0.63 0.63 
1966-70&1971-75 0.95 0.63 0.63 0.95 0.63 0.63 0.63 0.32 0.63 0.63 0.63 0.95 0.63 
1971-75&1976-80 0.32 0.95 0.95 0.95 0.95 0.95 0.95 0.63 0.95 0.32 0.63 0.32 0.32 
1976-80&1981-85 0.63 0.95 0.32 0.95 0.32 0.95 0.95 0.63 0.95 0.63 0.63 0.63 0.63 
1981-85&1986-90 0.63 0.95 0.63 0.63 0.63 0.95 0.63 0.63 0.95 0.95 0.63 0.63 0.63 
1986-90&1991-95 0.63 0.63 0.95 0.63 0.63 0.63 0.63 0.32 0.95 0.95 0.32 0.63 0.32 
1991-95&1996-00 1.27 0.63 0.63 0.63 0.95 0.95 0.63 0.63 0.63 1.27 0.95 1.27 1.27 
1996-00&2000-05 0.63 0.63 0.63 0.63 0.63 0.63 0.32 0.63 0.63 0.32 0.63 0.63 0.63 
1966-75&1976-85 0.67 0.67 0.89 0.89 0.89 0.45 0.45 0.89 0.67 0.45 0.89 0.67 0.67 
1976-85&1986-95 0.89 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.89 0.45 0.89 0.89 
1986-95&1996-05 1.57 1.12 0.89 0.89 1.34 0.89 0.89 0.89 1.12 1.57 1.34 1.57 1.34 
1961-75&1976-90 1.28 0.73 1.28 0.55 1.46 0.73 0.73 1.10 0.73 0.55 1.10 1.28 0.91 
1976-90&1991-05 0.91 0.73 1.28 0.73 0.91 0.55 0.91 0.73 0.91 1.28 0.91 0.91 0.91 
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Recommendations 
Kolmogorov-Smirnov Z is not suitable to find significant values for short period of time. However if the 
duration will be long then greater will be the significance. This study will help the water 
management/planners to design the project. The study may show better result of variation if the time span 
of analysis increases to like 30years or forty years. The correlation between the precipitations of different 
regions can be found and their crop pattern, to enhance the authority of study. 
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