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akistan, which is positioned in the South Asian sub-continent, occupies a significant 
climatological location. It is included among the world's few countries which experience 
a comprehensive transformation from summer all the way to winter season. The 

variation in precipitation has direct and significant consequences on society. In this ongoing 
research, the latitudinal variation in the track of the frontal system and trends in Pakistan 
during the monsoon period have been examined. Meteorological data (monthly rainfall, 
maximum temperature, satellite images, upstream data for Tarbela, Mangla, Rasool, and 
Marala) has been taken to conduct the ongoing research. Consequently, the focus of the study 
is the frontal weather system that moves North of Pakistan and energizes the monsoon rainfall 
over the Indus Basin which makes it a source of flooding. The rainfall is the cause of flooding 
downstream of rivers in the plains of Punjab and Sindh. Varying trends in rainfall were 
observed across the selected stations in Pakistan. The ongoing research is conducted across 
Pakistan with Gilgit and Skardu being the cities in Northern Pakistan.  Among all the water 
reservoirs, Tarbela exhibited an increased upstream flow due to the snow melt factor over 
glaciers in Gilgit and Skardu because of an increase in maximum temperature. 
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Introduction 
Pakistan occupies a distinctive position in the world. It receives extensive monsoonal 

rainfall as well as winter rainfall because of western disturbances. In meteorology, floods are 
considered one of the most devastating hazards. Many countries in the world experience this 
chaos primarily due to extensive rainfall in the catchments of any specific river [1] [2][3]. In 
the past, Pakistan encountered devastating floods during the years 1958, 1974, 1988, 1992, etc. 
and all these floods happened during the period of summer monsoon [4][5]. Pakistan’s climate 
widely varies from one location to another. Generally, its climate is arid to semiarid categorized 
by blistering summers as well as chill cold winters. It has extreme temperature variations at 
various locations, apart from the southern Himalayas slopes and in the sub-mountain zone, 
where the yearly rainfall varies from 760 mm to 2000 mm [6][7][8]. Occasionally, it experiences 
a lot of rainfall in the area when cold air advection aloft occurs because of westerly waves in 
the summer season [9][10]. Northern Pakistan receives more heavy rainfall episodes than the 
rest of the country [11][12][13] while it abruptly reduces towards the southern half of the 
country[10][14]. The reason for it is because of the elevated topography in northern Pakistan. 
It receives moisture from the Bay of Bengal (BoB) along the Arabian Sea and hence becomes 
cooler as it moves on to the northern parts of the country resulting in precipitation [14].  

In summer Low-Pressure Systems (LPS) originate over the Arabian Sea and BoB and 
these are the chief moisture source contributors resulting in rainfall over Pakistan [15]. These 
LPS which develop over BoB move Northwest (NW) causing heavy rainfall in Kashmir and 
upper Punjab finally resulting in the flood disaster in the country. Pakistan’s upstream and 
downstream hydrological regime is extremely interrelated. If Northern parts of the country 
receive excess water either by heavy rainfall or by the melting of snow/glaciers, it instantly 
moves down to the lower elevation plains of Punjab and Sindh not only flooding the cultivated 
lands but destroying standing field crops as well [16]. The frontal weather system (atmospheric 
fronts) not only plays a key role in the weather variability in the mid-latitudes but is regularly 
linked with high-impact weather episodes e.g., wind, gusts, hail, or precipitation [17]. 
Procedures for automatic objective frontal analysis [18][19] frequently depend on the 
definition of a thermal frontal parameter. Several regional and global climatology depend on 
the processed thermal front parameter approach [20][21] along with trend analyses for the 
past, recent, and future forecasts e.g., [22][23]. A front is regarded as a transition area between 
two air masses of distinct densities. As density variations are normally caused by temperature 
changes, fronts generally split air masses with 
differing temperatures (Figure.1). They 
generally separate air masses with varying 
humidities also [24][25][26]. Air masses exhibit 
both vertical and horizontal extension.  
Accordingly, the upward extension of a front 
is described as a frontal zone or can be 
regarded as a frontal surface [27]. 

The primary objective of this study is 
to track the frontal system North of Pakistan 
between latitudes (35°N to 50°N). The frontal 
system in the monsoon period brings rainfall 
and flooding and when there is the presence 
of westerly waves it accentuates and energizes 
the monsoon system. It can condense the 
available moisture over plains as well.  

Figure 1. The formation of warm and cold 
fronts [3] 
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Material and Methods. 
There are three main types of rainfall: orographic, frontal, and convective. Pakistan 

experiences all three types of rainfall depending upon the location and season of the year. It 
may also be emphasized that precipitation is the most variable parameter of all-weather factors 
over the temporal and spatial scales [28]. Meteorological data (monthly rainfall, maximum 
temperature, satellite images, upstream data for Tarbela, Mangla, Rasool, and Marala) was 
collected from Pakistan Meteorological Department, Lahore, Pakistan for the monsoon 
months (July-September 2019). For monthly rainfall assessment stations were selected from 
central and northern Pakistan having variations in their latitudinal locations. Graphs were 
plotted for these parameters to analyze the rainfall trends for the said stations (Islamabad, 
Murree, Jhelum, Mangla, Gilgit, Skardu, and Kotli). Tarbela Reservoir is quite vital for 
Pakistan's economy due to its hydrological setting. It has a regular pattern of inflow, with the 
annual hydrograph that is dominated by snow meltwater, which usually starts to build up at 
the start of May, peaks in July and has virtually finished by the September end [29][30]. To 
assess this fact graphs were plotted between Tarbela upstream flow and maximum temperature 
for Gilgit and Skardu in Northern Pakistan. Satellite images from European Meteorological 
Satellite (EUMETSAT) were used to identify the frontal system and cloud top temperature 
for the said period. The adopted research methodology adopted in the ongoing research is 
shown by the flow chart (Figure.2). 

 
Figure 2. Flow chart of the methodology adopted for research 

Result and Discussion. 
Monthly Rainfall Analysis from (July-September), 2019 

In the month of July pronounced rainfall (1004 mm) over the Islamabad, Jhelum, 
Mangla, and Murree areas was due to the monsoon system, and lesser rainfall over Gilgit, 
Skardu, and Kotli areas is due to the absence of western disturbances. In August there is more 
rainfall than in July over the Islamabad-Murree area due to the strong monsoon effect but in 
the Gilgit-Skardu area, it's due to weak western disturbances. In September strong monsoon 
is contributing more rainfall over Islamabad, Jhelum, Mangla, and Murree areas whereas due 
to the absence of western disturbance there is one odd occasion of rainfall in the Gilgit-Skardu 
area (Tables 1-3, Figures. 3-5). 
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Table 1: Rainfall data for July 2019 

City Monthly Rainfall (mm) Rainfall Trend 

Islamabad 252.44 Increasing 

Jhelum 271.42 Decreasing 

Mangla 177.91 Decreasing 

Murree 302.61 Increasing 

Gilgit 4.63 Very low rainfall 

Skardu 1.23 Very low rainfall 

Kotli 147.62 Increasing 

Table 2: Rainfall data for August 2019 

City Monthly Rainfall (mm) Rainfall Trend 

Islamabad 494.51 Decreasing 

Jhelum 196.51 Decreasing 

Mangla 187.13 Decreasing 

Murree 233.31 Decreasing 

Gilgit 15.45 Decreasing 

Skardu 32.55 Decreasing 

Kotli 268.20 Decreasing 

Table 3: Rainfall data for September 2019 

City Monthly Rainfall (mm) Rainfall Trend 

Islamabad 97.63 Increasing 

Jhelum 131.53 Increasing 

Mangla 183.54 Increasing 

Murree 62.30 Increasing 

Gilgit 0.03 Very low rainfall 

Skardu 0.21 Very low rainfall 

Kotli 123.00 Increasing 

 
Figure 3. Graph showing monthly rainfall for selected stations in July 2019 
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Figure 4. Graph showing monthly rainfall for selected stations in August 2019 

 
Figure 5. Graph showing monthly rainfall for selected stations in September 2019 

Upstream Graphs 
Upstream graphs were plotted for Tarbela, Mangla, Rasool, and Marala water 

reservoirs. All the water reservoirs except Tarbela exhibited almost the same trend. The rainfall 
patterns clearly show an increase and decrease in upstream inflows at Tarbela which is the first 
water availability monitoring station over the Indus River (Figure. 6). 
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Figure 6. Graphs showing upstream patterns for water reservoirs (July-September) 2019 

Tarbela Upstream Flow and Maximum Temperature 
The increase in temperature in the Gilgit-Skardu region results in glacier melting which 

contributes towards the increase in upstream inflows at Tarbela; though there is a long-term 
effect because of which flow of water from the upper Indus catchment region (Gilgit-Skardu) 
to Tarbela monitoring station takes some 30-40 hours which is depicted as black insets in the 
graphs (Figures. 7-8).  Similarly, a fall in temperature in the upper Indus region (Gilgit-Skardu) 
is also reflective of decreasing trend of upstream inflows at Tarbela station which is also called 
the first measuring station (rim station).
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Figure 7. Comparison between Tarbela upstream pressure and average maximum temperature for Gilgit and Skardu(combined), July-September 2019. 

   
Figure 8.  Tarbela upstream vs maximum temperature for Gilgit and Skardu (July-September 2019)
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Figure 9.  Satellite pictures across Pakistan for July 2019 

 
Figure 10. Satellite pictures across Pakistan for August 2019 
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Figure 11. Satellite pictures across Pakistan for September 2019 

 
Figure 12.  Satellite pictures for cloud top temperature for September 

2019 

 
Figure 13. Satellite pictures for cloud top temperature for July 2019 
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Figure 14. Satellite pictures for cloud top temperature for August 2019 

Satellite Pictures 
Satellite pictures of selected days were chosen for the summer monsoon months of July, August, and September 2019. The days were 

chosen based on the amount of rainfall recorded over the Gilgit and Skardu areas (Northern Pakistan).  The average height of Gilgit and Skardu 
is 1550 m and 2150 m respectively above the Mean Sea Level (MSL).  The satellite pictures clearly show the clouds in three different colors 
(white, grey, and blue) based on varying cloud temperatures. Mostly Gilgit and Skardu regions are covered by grey clouds as shown in the red 
inset (Figures. 9-11). Grey clouds in the satellite pictures show mountainous areas have cloud temperatures between 0 to -10°C (Figures. 12-14). 
These clouds either have no or very low precipitable water which is also clear from the rainfall amount over Gilgit and Skardu during monsoon 
months (Tables 1-3).  The Lapse rate of temperature is 1.8°C per 300 m.  

White clouds in the satellite pictures which are cumulus and altocumulus clouds show cloud temperatures between (-25 to -30°C) while 
blue clouds which are large Cumulus and Cumulonimbus exhibit cloud temperatures of -35°C (Figures. 9-11). The freezing level at 0°C is 3700 
m whereas cloud temperature at -10°C means a further 1550 m. above 3700 m makes 5250 m in total. As mentioned earlier the average height 
of Gilgit is approx. 1500 m. above MSL, hence subtracting this height from 5250 m makes it 3700 m which is the cloud height over Gilgit from 
the ground level. Likewise, for Skardu with an average height of 2150 m above MSL, the cloud height is 3100 m ft. from the ground level. 
Conclusion 

The snow melt is a dominating factor for an increased inflow due to an increase in maximum temperature over Gilgit and Skardu. 
Upstream inflow at Tarbela is dependent upon two variables which are rainfall and temperature both increasing and decreasing. It was observed 
that monsoon rainfall is more in the areas of Islamabad, Jhelum, Mangla, and Murree as compared to the Gilgit-Skardu region that lies in Northern 
Pakistan either due to the absence or weak western disturbances. Satellite pictures also show the cloud color and varying temperature over the 
Gilgit-Skardu region which is the main snow-contributing/glaciers factor. 
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