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Abstract 
Summer monsoon rainfall is a major driver of the environmental and agricultural functioning in 
south Asia. This investigative study is carried out to sketch a precise picture of temporal trends in 
the peak monsoon rainfall events over Northeast Pakistan. Daily rainfall observed data from 
PMD for the period 1961-2010 is analyzed to investigate the temporal trends on monthly as well 
as weekly basis at the selected stations of the northeast monsoon regime. Frequency of extreme 
rainfall events with 50 mm, 100 mm and 150 mm or more rainfall is calculated. Islamabad is 
found to enjoy the highest frequency of 50 mm and 100 mm or more precipitation events. In case 
of 150 mm or heavier events Sialkot is the one with highest frequency. August is the month with 
the highest frequency of peak rainfall events. Last week of July along with the first two weeks of 
August are the most probable time for the occurrence of peak rainfall events of the season. The 
study of temporal trends in the peak monsoon rainfall events over Northeast Pakistan is very 
significant in its consequences for planning purposes in water resource management. 
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Introduction 
Monsoon possesses not only the largest annual amplitude of all the tropical climate features; also has a 
large range of timescale variability. Monsoon possesses biennial, inter annual and inter decadal 
variability. Peak events with abnormally small or high magnitude of rainfall correspond to the breaks and 
active spell of the monsoon season. The duration of break and active period may vary from few days to 
weeks depending upon the underlying phenomenon which govern these changes. Apparent change or shift 
in the magnitude of rainfall is a result of the variability in different climatic features.  The temporal shift 
in the occurrence of various physical features of the weather system causes shift in the apparent effects 
i.e. magnitude of rainfall. This might be due to climate variability which directly affects the weather 
patterns. Agriculture practices are usually associated with the annual cycle of precipitation. Small and 
irregular variations in the temporal patterns and magnitude of precipitation have significant societal 
consequences. An ill-timed variation in the monsoon rains could have devastating effects on agriculture 
even if the mean annual or the mean seasonal rainfall remains normal. Due to its socio-economic 
significance the analytical study of the temporal variations in rainfall on micro scale is very purposeful 
(Webster, 1998). The objective of this study is to enhance the understanding of the temporal pattern of the 
monsoon rainfall at micro scale. The study of temporal shifts on monthly and weekly basis will help to 
understand the variations of rainfall within the monsoon season. This investigative study is conducted to 
manipulate a precise picture of the temporal trends in the peak monsoon rainfall events. These events 
could be very deadly in their consequences like flash flooding, degradation of top fertile soil, sewerage 
problems in urban areas, etc. So the study of variations in the pattern and features of peak precipitation 
monsoon events over Pakistan is of utmost importance especially in the era of climate variability. 

Monsoon is the biggest source of summer rainfall in Pakistan (Kureshy, 1998). It contributes 50-75 % of 
the total rainfall of the country (kazi, 1951) but in opinion of Luo et al. (1999), it may vary from 17 to  
59 %. Khan (1962) described the reason for this large range that monsoon rainfall is more variable than 
western disturbance. Mean annual rainfall in Pakistan is low and sparse with values vary from 278 mm to 
around 160 mm. In the opinion of Munir et al., (2011) monsoon is the major source with 80 % 
contribution. Only the northern parts of Punjab experience heavy monsoonal showers but the amount 
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largely vary from year to year. Hussain and lee (2009) while classifying the rainfall regions in Pakistan, 
analyzed the rainfall pattern by applying the factor and cluster analysis technique using 10-days rainfall 
parameter. They utilized 10-days observed rainfall data from PMD (Pakistan Meteorological Department) 
to identify the magnitude of rainfall for short periods. Being an agriculture country, the short span rainfall 
classification is very important for Pakistan. It is helpful in planning the crop season water management 
for irrigation, power generation, flood mitigation and for many dependent phenomenon. 10-days rainfall 
distribution helps a lot in the planning for the authorities for urban sewerage, construction and tourism 
department. The 10 days rainfall distribution provides a very clear picture of rainfall pattern i.e early, mid 
and last 10-days rainfall behavior of different months. 

Summer rainfall in Pakistan is monsoonal in nature and is divided into active and break periods. The 
monsoon rainfall decreases gradually from Bay of Bengal (16 mm/day) to about 6-8 mm/day in the 
northern Pakistan. Pakistan summer precipitation is highly predictable for 6-8 days (Webster et al, 2011). 
The prediction of the variations in rainfall on weekly basis is very important for irrigation and power 
generation managers. The vulnerability to the changes in the monsoon hydrological cycle makes this 
research work incredibly important for the socio-economic well-being of the country. 

The summer monsoon occurs from June to September in South Asia but strongest during July and August 
(Ramesh et al. 2004) so as in Pakistan. In the latter half of the monsoon period the westward moving 
depression from Bay of Bengal turns towards Himalayas and cause heavy rain at the catchment areas of 
the rivers of Pakistan (Shamshad, 1988). Hussain et al (2010) stated that during the monsoon period of 
Pakistan, month of July receives more heavy rainfall as compared to June. Muree enjoyed 91.3 rainy days 
annually which are the highest in the whole country. Muree also receives the highest mean monthly total 
precipitation of the monsoon season. The rainfall in monsoon decreases from northeast to southeast in 
Pakistan. Pakistan has very large spatio-temporal variations in the intensity of the monsoon rainfall. This 
variation is due to its long trajectory, which decreases the moisture content of the depressions as they 
move over the land areas (Saifullah khan, 2010). July is the rainiest month in Lahore with 6 rainy days. 
July and August are the rainiest month for Muree with rainy days fall around 15 in each month. For 
Muzaffarabad august is the rainiest month with 12 to 13 rainy days. August is also the rainiest month of 
the year for Islamabad with 10 rainy days (Shamshad, 1988). Abbas et al.(2012) while investigating the 
distribution of annual maximum daily rainfall over the selected stations of Pakistan found that magnitude 
of annual maximum rainfall is least at Lahore during the period 1954-2005 while Muree enjoyed the 
highest value. The co-efficient of variation (CV) for Islamabad and Muree was found to be lowest 
indicating the consistency of extreme precipitation events. 

Goswami et al., (2006) argue that Indian Monsoon rainfall has not varied much over the past century but 
experienced some interdecadal variability. They stated that the extreme events and severe thunderstorms 
are uniformly distributed in space and time. The temporal variation of daily rainfall anomalies showed 
increasing trend over central India for the period 1951-2000. The absence of any trend in the seasonal 
mean results in an increasing trend in the standard deviation. The frequency of the heavy events with  
150 mm/day or more showed a significantly increasing trend over the central India in the monsoon 
season, whereas the moderate events showed a decreasing trend. The increasing trend in the frequency of 
heavy events indicates an increase in the disaster potential of the weather systems. (Goswami, B.N. 
2006).General circulation models (GCM) used in IPCC fourth assessment report showed that the 
monsoon rainfall is not consistent and most of the GCMs were unable to pick the shift and timing of peak 
rainfall events (Annamalaiet et al. 2007). Krishnamurthy et al, (2009) argues that the observed data is 
much more reliable to analyze the trends in monsoonal rainfall. Temporal variations in rainfall are less 
periodic than any other field like temperature, therefore long term data is needed to obtain reliable statics. 
(Yao et al. 2008).The shift in the magnitude and temporal heterogeneity of precipitation events make 
quantitative and temporal estimation a challenging task.   
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Data and Methodology 
 In the previously conducted studies long term daily data analysis is rarely seen. The variations in 
precipitation depend upon different factors. The variations may be the result of the changes in one the 
factor independently or due to the mutual interaction of these impacting factors. In order to address the 
challenges and complexities, this study utilized daily rainfall data for the last half century period (1961-
2000). Data was obtained from the CDPC (Climate Data Processing Center) of Pakistan Meteorological 
Department Karachi. Extreme rainfall events with 50 mm, 100 mm and 150 mm or more precipitation 
events were calculated. Temporal trends in the peak events of rainfall on monthly and weekly time scale 
were investigated for the selected stations of Pakistan’s Northeast monsoon regime. Firstly last half 
century period is divided into sets of pentads, and then monthly and weekly frequencies of peak events 
were calculated for each pentad. This pattern of research made the determination and understanding of 
temporal trends lot easier. It is assumed that investigating such a data set will reveal more accurate 
features of temporal trends in rainfall patterns. The stations under study are selected because of their 
geographical significance. These stations comprise the Pakistan’s northeast monsoon belt. This region is 
not only the gateway to the summer monsoon currents in Pakistan but also receive the highest amount of 
monsoon rainfall as compared to any other region of the country. Therefore the behavior of the monsoon 
system over these stations depicts the overall pattern of the monsoon system over Pakistan. 

Table 1: List of selected stations 

Station Latitude(o N) Longitude(o E) Height above Mean  
Sea Level  MSL(m) 

Sialkot 32.31 74.32 255 
Jhelum 32.93 73.73 287 

Islamabad 33.71 73.06 622 
Lahore 31.54 74.22 214 

Muzaffarabad 34.22 73.29 702 
Muree 33.55 73.23 2168 

Results and Discussions 
Extreme Events 
The frequency of heavy events is investigated by dividing them into three categories. Heavy events 
with rainfall equal or greater than 50 mm, very heavy with rainfall equal or greater than 100 mm and 
extremely heavy with rainfall equal or greater than 150 mm are considered. The results show that for 
the heavy event of 50 mm or more rain, Islamabad has the highest frequency with occurrence of such 
event more than 200 times during the last half century period. All the stations from northeastern part 
of the country have a frequency of more than 100. 

  

 

 

 

 

 

 

 

 
Figure 1: Heavy events with more than 50 mm Precipitation (1961-2010). 
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For the very heavy event of rain with a value of 100 mm or more, again Islamabad has the highest 
number of such events. After that Sialkot, Muree and Jhelum fall respectively, same order as in case 
of 50 mm or more rainfall event. Lahore experienced the least frequency.  
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Very heavy event with more than 100 mm rainfall (1961-2010). 

Contrary to the previous cases, for extremely heavy events with 150 mm or more rain, Sialkot has the 
highest frequency. Islamabad has the second highest frequency. Muzaffarabad has the least frequency 
among the stations from northeast Pakistan.  

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Extremely Heavy Event with precipitation greater than 150 mm (1961-2010). 

Monthly and Weekly Peak Shift 
  
  
  
  
  
  
  
 
 
 
 

 
 

 
Figure 4: Monthly Peak Shift for Sialkot during the monsoon season (1961-2010). 
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For Sialkot monthly peak rainfall seems to be shift from August to July. The month of August has a  
sharp decreasing trend in terms of season’s peak value while July shows an increasing trend. For the 
whole period of study, peak values always lies in the month of July or August. 

Because the peak values exist in the month of July and August and variations in shift pattern are also 
most prominent in these months, weekly peak shift is also studied for these months. For the month of 
July, frequency of peak values seems to be increasing in the second and last week of July while 
decreasing in the third week and is steady in the first week of July. 

During the month of August there is a sharp trend towards increase in peak values in the first week in 
continuation of the last week of July. There is no significant change in the occurrence of peak values 
in all other weeks.  

 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 5: Weekly Peak Shift at Sialkot for July (1961-2010). 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6: Weekly Peak shift at Sialkot for August (1961-2010). 

 

In case of Jhelum, most of the times peak values occur in the month of August and trend are also 
increasing. For July the trend is towards decrease in the occurrence of peak values although the 
frequency of occurrence is same in the two months. So August comes out to be the most probable 
time to receive peak rainfall events of the season. 
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Figure 7: Monthly Peak shift for Jhelum during the monsoon season (1961-2010). 
Second week of the month of July shows an increase in the occurrence of peak values while third and 
fourth weeks have decreasing trend as far as the weekly trend for Jhelum is concerned. First week 
does not have significant frequency of peak values. During the month of August first, third and last 
week of the month have an increasing trend while second and fourth week have a steady trend. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: Weekly Peak shift at Jhelum for July (1961-2010). 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 9: Weekly Peak shift at Jhelum for August (1961-2010). 
In case of Islamabad, peak rainfall events are again found in the month of July and August as in case 
of Sialkot and Jhelum. Peak values seem to be shift from August to July. The month of July has an 
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increasing trend while August shows a decreasing trend. There are few years with peak values in 
September but large majority of peak events occurred in July or August. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: Monthly Peak shift for Islamabad during monsoon season (1961-2010). 
In case of weekly peak values, there is shift of peak rainfall events towards second week of July as all 
other weeks show a decrease in frequency of peak events. This decreasing trend is most sharp in the 
last week of the month (Figure 11). For the month of August, first two weeks have same increasing 
trend towards occurrence of peak events; same is case for the third week but trend is sharper. 
Remaining two weeks have a decreasing trend. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: Weekly peak shift at Islamabad during July (1961-2010). 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 12: Weekly peak shift at Islamabad during August (1961-2010). 
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Same as the other stations selected from the northeastern part of the country, Lahore also experiences 
peak rainfall events in the month of July and August. August shows a decreasing trend in terms of 
occurrence of peak rainfall events while July has a very steady trend over the last half century period. 
It can be concluded that the trend is shifting from August to July. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 13: Monthly peak shift for Lahore during the monsoon season (1961-2010). 
At Lahore, first two weeks of July have an increasing trend while the other two have a decreasing 
trend. For the month of August only the last week has a decreasing trend all other weeks have a shift 
towards an increase in the occurrence of peak rainfall events. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 14: Weekly peak shift at Lahore during July (1961-2010). 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 15: Weekly peak shift at Lahore during August (1961-2010). 
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Muzaffarabad experienced the monthly peak values mostly in the month of July with quite higher 
frequency as compared to the other months and the trend is very consistent. August occasionally 
enjoyed peak events of the season. Occurrence of peak events of rainfall is very rare in the month of 
June and September. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 16: Monthly peak shift at Muzaffarabad during monsoon season (1961-2010). 
Last week of July is the most vulnerable to the occurrence of peak rainfall events during the season 
(Figure 17) with a very steady trend. First, third and fourth week of August also have a sharp 
increasing trend while the others have decreasing trend. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 17: Weekly peak shift at Muzaffarabad during July (1961-2010). 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 18: Weekly peak shift at Muzaffarabad during August (1961-2010). 
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Like most of the selected stations, Muree also experienced the peak rainfall events in the month of 
August when the monsoon is at its full swing. July also receive peak events but not as frequent as in 
August. July has a slightly increasing trend towards the occurrence of such events while the trend for 
August is quite steady. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 19: Monthly peak shift for Muree during monsoon season (1961-2010). 

Last 10-days of July up to the first 10-days of August are the time with the highest frequency of peak 
events. Trend for the week 22-28 July is steady, for 29July-4August is sharply decreasing but 5-11 
August has an increasing trend. Trend for the period 1-7 July is sharply increasing but this might be 
due to the presence of a peak value in 2000-2005. Otherwise the frequency for this time period is 
quite low. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 20: Weekly peak shift for Muree during July (1961-2010). 
 

 

 

 

 

 

 

 
Figure 21: Weekly peak shift at Muree during August (1961-2010). 
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As the weather phenomena of the whole planet are interlinked and the variations in the behavior of a 
certain weather system may be due to the external forcing from some other part of the world. The 
peak shift of extreme rainfall events are may be due to the change in the monsoon break pattern. The 
climate variability has affected the weather systems in a number of ways. It has not only alters the 
strength of the weather systems but also results in the spatial and temporal changes in the occurrence 
of extreme rainfall events. Study of the frequency of extreme rainfall events shows quite frequent 
occurrence of such events at the selected stations. Instead of continuous long spell of rainfall, 
occurrence of isolated extreme events has become the prominent feature of this most important 
weather system. This research work is based on the quantitative distribution of rainfall in different 
temporal columns. The underlying physical phenomenon which governs these changes must be 
fanatically investigated. This understanding will help a lot in the future prediction of monsoon 
weather system which is a life line for south Asia. 

Conclusion 
From the above discussion, it is concluded that all the selected station of the Pakistan’s northeast 
monsoon regime experienced peak rainfall event in the month of July and August. But the frequency of 
peak events in the month of August is generally high as compared to July. Only Lahore and Muzaffarabad 
encounter higher frequency of peak events in the month of July as compared to August. It is evident from 
the weekly distribution of rainfall peak events that the most probable period for the occurrence of peak 
events of rainfall during the summer monsoon is from 15th July to around 10th of August. All the selected 
stations have the highest frequency of peak events during this period of the season. From these results it 
can be concluded that the monsoon currents becomes weak after the second week of August and loose the 
tendency to bring extreme rainfall events over northeast Pakistan. Determination of the months with most 
probable peak events and more precisely the weeks with such probability is very helpful for the future 
planning in terms of water availability and utilization in various fields most importantly for power 
generation and irrigation purposes. 
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