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E d i t o r i a l 
Dear Readers! 

The first issue of the Pakistan Journal of Meteorology 

received fairly good response from the community of the 

scientists, research workers and general readers. Their 

encouraging comments and valuable suggestions have helped to 

make certain changes and also raise the standard of the journal 

still higher. 

We are especially grateful to Dr. Madan L. Sherestha, 

D.G., Department of Hydrology and Meteorology, Nepal and 

Prof. S. K. Dube, Director, IIT, Kharagpur, India, for their 

word of appreciation and giving us useful tips for the 

improvement of the Journal. 

The readers will be delighted to know that the name of 

Miss Mona Lisa, Assistant Professor, Department of Earth 

Sciences, Quaid-i-Azam University, Islamabad, has been added 

to the panel of the Board of Advisors. We welcome her as a new 

referee. 

 
 

Editor.
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RECENT OCCURRENCE OF FOG OVER 
PAKISTAN (1997 to 2000) 
By Muhammad Muslehuddin∗, Hazrat Mir* & Nadeem Faisal∗

Abstract: 
This study examines the data for normal period (1961-1990) over five month 
period (Nov-March), of the following years for the 56 stations of Pakistan. 

1997-1998 
1998-1999 
1999-2000 

However great concentration has been made on the 24 stations most of them are 
located in the Punjab, where the fog formation is very common especially in the 
recent years, The data of monthly number of fog days (Sky not seen) of the station 
for above period was initially examined to find out any significant change as 
compared to the normal frequency of fog days. Secondly various meteorological 
parameters were examined and following parameters were identified having 
significant role in the formation of fog. 

Mean Monthly relative humidity in % at 0000 and 0300 U.T.C. 
Mean Monthly dry bulb temperature in C° at 0000 and 0300 U.T.C. 
Mean Monthly Wind speed in Knots at 0000 and 0300 U.T.C. 

Lastly synoptic pattern associated with extensive fog phenomenon were analysed 
and studied on the synoptic charts prepared at Pakistan Meteorological Department 
forecasting office for the Month of November to March in the years 1997 to 2000. 

Introduction: 
Pakistan is an agricultural country. Its economy depends on the number of factors. 
One of the most important factors is weather. Fog as a weather phenomenon plays 
an important role in our economy. During last three years (1997-2000) fogs formed 
over the Punjab and adjoining areas of Pakistan and prevailed for a number of days 
in the months of November-March. A number of flights were cancelled and many 
road accidents occurred, as reported by the press. 

i. What is fog? 
The meteorological definition of fog is a cloud (stratus) which has   its cloud 
base on or close to ground, and reduces visibility to less than 1000 meters. 

                                                      
∗ Pakistan Meteorological Department, Karachi. 
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Humidity at ground level can reach 100% in different way (Bruad, 1944). 
(They basically all look the same, though.) 

ii. Forms of fog 
Radiation Fog: 

‘Radiation fog’ is common in the mornings after heat has radiated in to the 
atmosphere during night. It normally dissipates after sunrise. Over land, 
fogs usually form just after sunset, though they may persist well into the 
next day. An evening fog begins when the sky is clear. As the sun goes 
down, the earth radiates heat into the clear sky and the air above the 
ground becomes cool. As the temperature drops, fog is formed. Because 
the Earth cools by radiating heat into space, these fogs are called radiation 
fogs. 

Advection Fog: 
‘Advection fog’ is formed by humid air moving horizontally, being cooled 
down from below. 

Frontal Fog: 
‘Frontal fog’ is formed between warm and cold air in a front. 

Indutrial Smog: 
The mixture of smoke and fog over large cities is called smog. Fog over a 
city is usually more intense than over the surrounding countryside because 
the city discharges a greater amount of moisture into the atmosphere. This, 
combined with dust, heavy chimney smoke from factories, and auto 
exhaust fumes makes a thick vapor that does not disperse easily unless the 
wind is strong. There are also ‘sea fog’, ‘hill fog’, ‘steam fog’ and other 
forms of fog (www.comptons.com). 

iii. Why Fog is environmentally Significant? 
In polluted atmosphere, the water vapour may condense on aerosol particles. In 
polluted atmosphere, the aerosol particles will be composed of gases like 
Sulfur di oxide, Ammonia, Nitrogen Oxides Hydrogen Chloride etc. So, when 
the fog droplets form on these aerosols, water absorbs the gases. The water 
droplets are favourable site for oxidation of many reductants, above all, Sulfur 
di oxide to Sulfuric Acid. The liquid water content of typical fog is very small 
and so the concentration of ions are often 10 to 50 time larger than those of 
rain. So, in polluted atmosphere fog droplets are more polluted than raindrops. 
Clouds process substantial volumes of air and transfer gas and aerosols over 
large distances. On the other hand, fog droplets are important collectors of 
local pollutants near the earth’s surface (www.lehigh.edu). 

These above factors were examined during the study period over Pakistan. 
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Data & Procedure: 
This study examines the data for normal period (1961-90) over five-month period 
of the following years for the 56 stations of Pakistan: 

i. 1997-1998 
ii. 1998-1999 
iii. 1999-2000 

However greater concentration has been made on the 24 stations; most of them are 
located in the Punjab, where the fog formation is very common especially in the 
recent years. The data of monthly number of fog days (sky not seen) of the station 
for the above period was initially examined to find out any significant changes as 
compared to the normal frequency of fog days. Secondary various meteorological 
parameters were examined and following parameters were identified having 
significant role in the formation of fog. 

a. Mean Monthly relative humidity in % at 0000 and 0300 UTC. 
b. Mean Monthly Dry bulb Temperature in C° at 0000 and 0300 UTC. 
c. Mean Monthly Wind Speed in Knots at 0000 and 0300 UTC. 

Lastly synoptic pattern associated with the extensive fog phenomenon were 
analysed and studied on the synoptic charts prepared at Pakistan Meteorological 
Department (PMD) forecasting Offices for the month of November to March in the 
years 1997 to 2000. 
  

Findings: 
The following are the detailed description of the findings: 

i. Frequency of Fog over Pakistan during 1997-2000 
Fog persists over Pakistan during the month November to March. Figure-1 
gives the comparison of 24 stations where the fog has been increased from 
normal significantly and is more dominant in the month of December & 
January (Figure-2). The normal fog frequency map, for the period of 1961-90, 
of Pakistan (Figure-3) shows that the fog is mainly formed over Punjab and 
adjoining areas with its center at the northern Punjab. During the 1997-98 
(Nov-Mar) period the fog frequency is considerably increased and apart from 
the Punjab it has also formed over North Western Frontier Province (NWFP) 
and Azad Jammu & Kashmir (AJK) areas (Figure-4). The main center of this 
fog in the eastern Punjab besides this its second center is over the northern 
Punjab. During the next season (1998-99) the fog was more intense over the 
Punjab and the same expanded to adjoining areas (Figure-5). The fog was 
dominant in the month of December & January especially in the eastern 

 7



Pakistan Journal of Meteorology Vol. 1 Issue: 2, September, 2004 

Punjab region, where fogs were recorded for 15-20 days in each of this two 
month. In the last season (1999-2000) fog continue to persist over the Punjab 
with its main center at Bahawalnagar (Figure-6) 
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Figure 4 
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Figure 6 
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Following table shows the frequencies of fog during the month of November to 
March recorded at selected stations: 
 

Station Bahawal Jhelum F-abad Lahore Sialkot Multan S-Sharif Rafiqui 

Normal 3.2 1.1 2.4 2.8 2.4 2.6 1.8 3.7 

97-98 2.3 12 14 7 22 13 13 14 

98-99 42 24 20 18 24 31 31 17 

99-00 27 16 14 13 12 11 7 5 

 
Station Risalpur DI.Khan Cherat B.Pur Mainwali Khanpur M.Abad Chitral 

Normal 2.2 1.7 4.5 1.3 0.1 1.1 0.3 0.3 

97-98 5 7 19 0 9 0 4 0 

98-99 5 20 0 24 13 5 3 0 

99-00 5 4 4 2 2 2 2 2 

 
Station Skardu Islam Chilas Nawab Hyder Kakul Balakot Murree 
Normal 0.8 1.3 0.0 0.3 0.2 0.2 0.4 7.0 
97-98 0 7 0 0 0 0 4 0 
98-99 0 1 0 6 2 2 1 0 
99-00 2 1 1 0 0 0 0 0 

ii. Relative Humidity 
It has been observed that the normal relative humidity at 0000 UTC and 0300 
UTC over the fog-affected areas ranges between 75-85%. The mean relative 
humidity at 0000 UTC and 0300 UTC was significantly higher during last 
three seasons than the normal values (Figure-7, Figer-8). During this period the 
mean monthly relative humidity recorded in various stations in the north-east 
of Pakistan was more than 90% especially in the months of December and 
January (Figure-9, Figure-10) 
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iii. Temperature 
The mean monthly dry bulb temperature at 0000UTC and 0300UTC, were on 
higher Side during the years 1997-99, when compared with its normal values 
(Figure-11 to Figure 14). 
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iv. Wind Speed 
It has been observed that the wind speed in the fog affected area was light at 
0000UTC & 0300UTC. Many of these places have recorded light (1-3 Knots) 
wind speed over the period under study (Figure-15 to Figure-18) 
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v. Mean Synoptic Situation (November-March 1997-2000) 
During the above period of fog the synoptic situation are summarised as under. 

• A trough persisted over northern parts of Pakistan and adjoining 
northwest India. 

• A high-pressure area also persisted over central Punjab extending to 
central India and Arabian Sea. 

The three conditions for the development of radiation fog are therefore 
satisfied. 

1) Light winds 
2) Clear sky or little cloud 
3) High humidity. 

Surface charts of 0000 UTC for these months showed an extremely weak 
pressure gradient over northeast of Pakistan with correspondingly light and 
variable winds. The sky remained clear to almost clear over northern parts of 
Pakistan and sufficient fall of temperature occurred to cool the air down to its 
dew point. Temperature dropped some 10-15°C during the night time. In the 
early hours of the day before the fog formation, the synoptic charts of 0300 
UTC and 0600 UTC, showed that temperature over northern areas of Pakistan 
had fallen 6-7°C than the neighboring areas. Fog continued to develop during 
the following days and, becoming heavily charged with smoke, became very 
thick. The sun’s radiation was unable to penetrate into it during the day due to 
sufficient moisture in the air. 

Discussion: 
The following factors support the persistence of fog in Pakistan. 

a. In the month of December & January prolonged foggy periods were also 
invariably a consequence of the establishment of a persistent anticyclone 
in the area. The dry air from north of Pakistan became humid/moist by the 
incursion of moisture caused by the passage of western disturbance and 
since the land was colder than usual during night in December and January 
fog formed at a number of places. 

b. The northern parts of Pakistan are surrounded by hills on three sides, so 
that the moisture becomes stagnant for a longer time. When the Siberian 
cold air comes from the high elevation into the low elevation (eastern 
Himalayas or Tibet) it meets the warm and moist air from the south and 
southwest due to western disturbances approaching Pakistan and 
neighboring India. This situation together with the anticyclonic circulation 
already existing there helped the formation and persistence of fog in the 
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area. The fog dissipated as a result of the shifting of the anticyclone over 
Pakistan towards the east due to the movement of the western disturbance. 

c. In case when the western disturbance is strong, more air from the south 
and southwest will be sucked into this newly formed low at the place of 
the anticyclone and sometimes the air from the south goes beyond central 
India and meets the cold air in the Punjab, some parts of it, however, turns 
eastward and joins the anticyclonic circulation. The northwest branch of 
the flow results in heavy fog in the north of Pakistan. 

d. River Indus also plays in important role for the supply of moisture. If the 
cold air mass stagnates in the areas where the moisture is stored, the 
moisture quickly condenses to fog. The result is a fog of several days’ 
duration which ends with the breaking down of the high-pressure areas 
over the Indian region. 

e. According to the synoptic situation during the study period, it was 
observed that approximately all those days when fog occurred over 
northeast of Pakistan an anticyclonic circulation continuously persisted 
over India. This permanent anticyclonic feature (Sutcliffe, 1948) does not 
undergo any apparition in position, moving north and south with sun, and 
extend over the land area in winter season, being partly intensified by 
some degree of surface cooling. These anticyclonic areas are the main 
source regions of maritime tropical air masses, which give much low 
cloud, fog, and drizzle on drifting to higher latitudes, but in the subsiding 
region the atmosphere is clear. 

 

Conclusion: 
To conclude this study the following factors have been identified to have 
contributed in recent accession of fog over Pakistan. 

i. Rise in the Relative Humidity. 
ii. Prevalence of little or almost calm air over the fog effected areas. 

iii. The industrial development is also one of central cause for the increase in 
pollutants in the atmosphere over the last three decade. The majority of 
this pollution was created from the burning of coal for energy generation, 
space heating, cooking, and transportations. It has been observed in 
industrialized urban areas of Pakistani & Indian Punjab and Indian state of 
UP that large quantities of coal are burned without adequate pollution 
control causing formation of fog. 
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Recommendations: 
It is recommended that the occurrence of fog peak during (1961-2000) may be 
compared in more detail with weather elements like: rain, humidity, wind and 
stability of the atmosphere in future. Establishment of fog monitoring station in the 
fog-effected areas is also recommended. 
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facilities available at two PMD centers (Climatological Data Processing Centre 
Karachi and Main Analysis Centre, Karachi) 
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ESTIMATION OF PEAK HORIZONTAL 
ACCELERATIONS FOR THE SITE OF 
MUZAFFARABAD USING DETERMINISTIC 
APPROACH 
Mona Lisa*, Azam A. Khwaja† & Dr. Qamar-uz-Zaman Chaudhry†

Abstract: 
The site of Muzaffarabad is situated in the NW Himalayan Fold – and – Thrust 
Belt Pakistan, which occupies a 250 km wide and about 560 km long, irregularly 
shaped mountainous region stretching from the Afghan border near Parachinar, 
up to Kashmir Basin situated in the active zone of convergence thereby recording 
a large number of seismic events. Quite a large number of seismically active 
tectonic features like Main Mantle Thrust (MMT), Main Boundary Thrust 
(MBT), Mansehra Thrust, Jhelum Fault, Kotli Thrust, Raikot Fault, Thakot Fault, 
Riasi Thrust, Sangargali Thrust, Hissartang Fault and many others are located 
within this fold and thrust belt. Historical as well as Instrumental seismological 
data collected in the present study confirms the active nature of all these faults. In 
the present work, peak horizontal accelerations have been estimated for the site 
of Muzaffarabad using deterministic approach. The selection of this site has been 
based primarily due to the fact that this site is representing the location with 
heavy population, high seismicity and surrounded by active tectonic features. A 
total of twelve faults have been considered as a critical seismogenic features to 
the area and their maximum potential magnitudes and seven available attenuation 
equations, peak horizontal accelerations have been determined. On the basis of 
these maximum potential magnitudes and the peak horizontal accelerations, Main 
Boundary Thrust having peak horizontal accelerations of 0.47 g has been 
designated as the most hazardous for the site of Muzaffarabad. 

Introduction: 
Prevailing practice especially in earthquake prone regions is to carry out seismic 
hazard assessment so that remedial measures may be taken to prevent/lessen loss 
of life and damage to property. Such assessment depicting intensity and ground 
motion parameters like peak ground acceleration, peak ground velocity and peak 
ground displacement are increasingly being taken into consideration by different 
agencies involved in planning, design and construction of structures. 

                                                      
* Department of Earth Sciences, Quaid-i-Azam University, Islamabad. 
 
 

† Pakistan Meteorological Department, Islamabad. 

21 



Pakistan Journal of Meteorology Vol. 1 Issue: 2, September, 2004 

Keeping the above fact in view, an estimation of peak horizontal accelerations 
have been carried out for the site of Muzaffarabad using deterministic approach. 
For this purpose twelve faults (Table.2) have been recognized as the critical 
features, which are representing a constant threat to the site through the 
observations of both historical and instrumental data and also the geological 
criteria such as fault rupture length-magnitude relationship. Maximum potential 
magnitudes are calculated using various regression relations and finally peak 
horizontal accelerations (Table.2) have been computed using seven different 
available attenuation equations. 

Regional Tectonic Setting: 
Pakistan is mostly experiencing compressional and transpressional forces. The 
compressional forces are believed to be a result of the ongoing collision of the 
Eurasian and Indo- Pak continental plates that started in the late Eocene to Early 
Oligocene with formation of the 
Himalayan ranges. The Indo-Pak 
plate, relative to the Eurasian plate 
is still moving northwards at a rate 
of about 3.7 cm/yr near 730 
longitude east (Molnar and 
Topponnier, 1975). The major 
portion of this convergence was 
taken up by deformation along the 
northern collision boundary 
involving folding and thrusting of 
the upper crustal layers (Seeber 
and Armbruster, 1979) in the 
shape of MKT (Main Karakoram 
Thrust), MMT (Main Mantle 
Thrust), MBT (Main Boundary 
Thrust) and SRT (Salt Range 
Thrust) as shown in Figure.1 

Transpression is prevalent at the 
western boundary of the Indo-
Pakistan plate with the 800 to 900 
km long Chaman fault, a 
transform boundary (Lawrence 
and Yeats, 1979). However, structural mapping and focal mechanism solutions 
indicate that a large number of strike slip faults occur in Pakistan. In the NW 
Himalayan Fold and Thrust Belt, the areas of Kohat and Potwar plateaus have 
been interpreted to be a result of transpression (Sercombe et al., 1998; MonaLisa 

Figure. 1 –   Regional Tectonic Map of Northwest 
Himalayas of Pakistan 
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et al., 2003). On the regional scale Muzaffarabad is located in the Himalayan 
fold-and-thrust belt, which covers the area between the MMT and SRT. The 
Panjal-Khairabad fault (Fig.1) divides the belt into a northern hinterland zone and 
the southern foreland zone. The former is characterized by intensely deformed 
(tightly folded and imbricated) Precambrian to Early Mesozoic igneous and 
metamorphic rocks collectively called the Himalayan crystalline nappe-and-
thrust belt by Kazmi and Jan, 1997.These crystalline rocks towards the south are 
thrusted over the rocks of the foreland zone. This foreland zone comprises of 
many thrust sheets (decollement zones) with a southward translation of up to 100 
Km. 

In the east, separating the fold belt from the central Himalayas fold belt of India 
is the N-S trending complex tectonic zone called the Hazara-Kashmir Syntaxis 
(Fig. 1). Precambrian to Neogene rocks are present in the syntaxial zone although 
the Oligocene-Miocene Murree Formation predominates. Many thrust faults 
occur along the syntaxial loop, which on the western side terminate into the 
Jhelum fault, whereas in the north they continue into the Nanga Parbat-Haramosh 
region. Muzaffarabad is located on the western side of the Hazara-Kashmir 
syntaxis, which is very sharp towards north and becomes less sharp towards 
south and south of Muzaffarabad, it appears to die out or turn towards east. On 
the east of the axis, the geological features show predominantly northwest trend 
while their trend changes to northeast towards the west of the axis (Fig. 1).  

Seismicity: 
The region of Pakistan has high frequency of earthquakes especially in the 
Himalayan orogenic belt. This belt represents the contact between Indo-Pak and 
Eurasian plates, which has always been the source of moderate to large 
earthquakes including Kangra (1905), Bihar-Nepal (1934) and Assam (1897) 
earthquakes that have left their landmarks in the history. The presence of some of 
the active faults (Figs 1&2) like Main Mantle Thrust (MMT), Riwat Fault, 
Panjal-Khairabad Fault, Jhelum Fault, Kalabagh Fault and Main Boundary 
Thrust (MBT) etc make the study area very active. However, in this area of 
dominantly collisional tectonics a large number of focal mechanism solutions 
indicate strike-slip faulting and/or thrust faulting (Fitch, 1970; Rastogi, 1974; 
Armbruster et al., 1978; Verma et al., 1980; Verma and ChandraSekhar, 1986; 
Molnar and LyonCaen, 1989; Pivnik and Sercombe, 1993, MonaLisa et al., 1997, 
MonaLisa et al., 2003 and Khwaja et al., 2003). A kinematic change from 
compression to transpression is believed to be taking place (Pivnik and 
Sercombe, 1993).  

Both historical/non instrumental (Oldham, 1893; Ambraseys et al, 1975 and 
Quittmeyer et al., 1979) and instrumental data exist in the area. The 
instrumentally recorded earthquake data are available only since 1904. This 
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Fig. 2 

modern seismicity as reported from various international seismological networks 
like World Wide Standard Seismograph Network (WWSSN), United States 
Geological Survey (USGS) and International Seismological Centre (ISC), UK, is 
sparse and scattered and is limited to moderate to large earthquakes with 
unreliable epicenter locations. However after the installation of various local 
seismic networks indicates the high seismic activity all along the study area, 
which is quite clear from Fig. 2. 
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 Seismicity pattern: 
A total of 40 pre-instrumental (before 1905) given in Table.1 and 1631 
instrumental (after 1905) earthquakes are used in the present study. The study of 
this macro-earthquake data recorded since 1904 shows that the area lies in an 
active tectonic belt where several moderate earthquakes (less than magnitude 7) 
have been recorded. A major earthquake having a magnitude of 5.5 Mw recorded 
near Islamabad occurred on Feb.14, 1977 (Fig. 2). Fig. 3 shows distribution of 
seismicity with respect to focal depth in the study area. From this figure it is quite 
clear that the earthquakes having magnitude 5.0 or greater are originated within 
the shallow depth (i.e. <70 kms) showing that earthquake forces are more active 
at this depth indicating a severe earthquake hazard within this region. Moreover, 
the seismicity pattern, in most of the cases follows the mapped surface trend of 
the structures present in the area. towards north of Muzaffarabad, seismic activity 
near Pattan could be associated with Main Mantle Thrust (MMT), towards 
northwest Hindukush seismic zone is present in which some recent earthquakes 
resulting in some damage at Muzaffarabad have been recorded. Around 
Muzaffarabad, a lot of seismic activity has been recorded which could be 
associated mostly with Hazara Kashmir Syntaxis (HKS), Main Boundary Thrust 
(MBT) Fault zone and Panjal-Khairabad Thrust (Fig. 2). The level of seismicity 
however decreases from north to south and becomes quite less south of Salt 
Range (Fig. 1). This low level of seismicity may be true as no prominent 
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causative seismotectonic feature is mapped in the plain areas of Punjab due to 
thick alluvial cover. However, another factor for this reduced level could be the 
fact that no local seismic network properly covers this area. 
The fault plane solutions of some of the earthquakes, determined by the authors 
(Mona Lisa et al., 1997, Mona Lisa et al., 2003 and Khwaja et al., 2003) and the 
previous workers like (Armbruster et al., 1978; Verma et al., 1980; Verma and 
Chandra Sekhar, 1986; Molnar and Lyon Caen, 1989; Pivnik and Sercombe, 
1993) suggest that while predominant faulting mechanism in this region is 
thrusting, strike slip faulting is also present.  

Estimation of Peak Horizontal Acceleration Using 
Deterministic Approach: 

Procedure Adopted  
The principle of analysis involved in the deterministic approach is to evaluate the 
critical seismogenic sources, like capable faults and the identification of a 
maximum magnitude assigned to each of these faults. Then with the help of 
suitable attenuation equations, peak horizontal accelerations are determined. 
Therefore the deterministic method includes the following steps: 

• Identify all tectonic features in the vicinity of the site likely to generate 
significant ground motions. 

• Assign to each of these a maximum magnitude on the basis of key fault 
parameters. 

• Compute the ground motion parameters at the site associated with each 
feature as a function of magnitude and distance. 

Critical features: 
As mentioned above, twelve faults (Table.2) have been selected as the critical 
features for the seismic hazard assessment to the sites. In addition this selection is 
primarily based upon the association of seismicity along each fault and the 
geological criteria such as the fault rupture length-magnitude relationships. The 
level of seismicity has been considered by observing both the historical and 
instrumental earthquake data along each feature. Although the entire region is 
dominantly representing the thrust faulting but some strike-slip component is also 
present. This is the reason that out of twelve selected faults, nine are thrust and 
three are strike-slips. All these faults along which earthquakes can produce the 
appreciable strong ground motions are shown in Fig. 2. It is beyond the scope of 
this study to describe all these twelve faults therefore only those faults are 
discussed which has the peak horizontal accelerations greater than 0.3g. 
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Table: 1 
S.No. Date Lat. N Lon. E Mag. Max. Intensity 
1. 25 AD 33.73 72.87 7.0 IX-X 
2. 03.01.1519 34.80 71.90 5.0 VI-VII 
3. 03.01.1552 34.00 76.00 6.0 VII-IX 
4. 04.06.1669 33.37 73.23 6.5 VI-IX 
5. 22.06.1669 34.00 76.00 5.0 VI-VII 
6. 23.06.1669 33.87 72.25 6.5 VII-IX 
7. 15.07.1780 34.00 76.00 6.0 V-VII 
8. 24.09.1827 31.57 74.35 6.5 VIII-IX 
9. 06.06.1828 34.08 74.82 7.0 IX-X 
10. 17.07.1831 34.00 71.55 5.0 IV-VI 
11. 22.09.1831 34.00 74.82 5.0 IV-VI 
12. 22.01.1832 31.57 74.35 5.5 V-VI 
13. 30.03.1847 32.00 72.00 4.5 III-IV 
14. 17.01.1851 32.43 74.12 5.0 VI-VII 
15. 30.11.1853 33.87 72.25 4.9 VI 
16. 07.04.1857 32.07 76.28 5.5 V-VI 
17. 23.08.1858 31.57 74.35 4.0 V 
18. 10.07.1863 34.08 74.82 5.0 VI-VII 
19. 10.07.1863 31.57 74.35 5.5 VI-VIII 
20. 22.01.1865 34.00 71.55 5.0 V 
21. 04.12.1865 31.57 74.35 6.0 VII-VIII 
22. 11.08.1868 34.00 71.55 5.5 V-VII 
23. 12.11.1868 31.57 74.35 5.0 V-VI 
24. 13.11.1868 33.87 72.25 4.5 IV 
25. 24.03.1869 32.92 73.72 5.0 VI-VII 
26. 24.04.1869 34.00 71.55 6.0 VII-VIII 
27. 20.12.1869 33.77 72.33 5.5 VII-VIII 
28. 20.12.1869 33.62 73.07 5.5 VII-VIII 
29. 28.04.1871 33.62 73.07 5.2 VI-VIII 
30. 12.12.1875 34.00 71.55 6.0 VII-VIII 
31. 23.12.1875 31.57 74.35 6.0 VII-VIII 
32. 02.03.1878 31.57 74.35 5.0 VI-VII 
33. 30.04.1883 34.00 71.55 5.0 VI-VII 
34. 15.01.1885 34.00 74.82 6.0 VII-VIII 
35. 30.05.1885 34.28 73.47 6.5 VIII 
36. 06.06.1885 34.17 75.00 7.0 IX-X 
37. 20.10.1886 34.08 74.82 5.0 VI-VII 
38. 05.11.1893 34.00 71.55 5.0 VI-VII 
39. 20.09.1902 34.00 74.82 5.5 VI 
40. 04.04.1905 32.13 76.28 8.6 X 
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Main Boundary Thrust (MBT): 
According to Baig and Lawrence (1987), Main Boundary Thrust (MBT) 
or Margalla Thrust or Murree Thrust (Fig.2) is the main frontal thrust of 
the Himalayan range. From Assam in the east to Kashmir in the west it 
runs about 2500 kms. This thrust continues northwestward, turns 
westward near the apex of the syntaxis and then bends southward 
towards Balakot (Kazmi and Jan, 1997). It dips about 500 to 700E 
northwest of Muzaffarabad (Calkins et al., 1975) and runs in E-W 
direction south of the Margalla Hills. As mentioned previously the MBT 
itself is represented by many high angle thrusts due to which it is known 
as MBT fault zone. 

A hairpin-shaped system of faults truncates the Hazara-Kashmir Syntaxis 
(HKS) both on the east and western sides (Kazmi and Jan, 1997). Within 
the MBT fault zone, on the western side of HKS, the number of thrust 
faults like Sangargali, Thandiani, Nathiagali (Hazara) Thrusts (Fig. 2) is 
situated and they dip to the north and northwest (Baig and Lawrence, 
1987). Structurally they overlie each other so that the Sangargali Thrust 
overlies the Thandiani Thrust and Nathiagali (Hazara) Thrust lies below 
the Thandiani Thrust. Nathiagali or Hazara Thrust branches 5 kms south 
of Muzaffarabad and forms the northern boundary of MBT fault zone  
(Antonio, 1991).  

In the west of HKS, where the MBT is correlated with the Triassic to 
Paleogene sequence of the Kala Chitta Range near Attock, the Nathiagali 
Thrust can be equivalent to the Hissartang Fault of Yeats and Hussain 
(1987). On the Kashmir side (i.e. eastern side of Hazara Kashmir 
Syntaxis) between MBT in the east and Jhelum Fault in the west, 
Himalayan Frontal Thrust (HFT) and Kotli Thrust are situated (Fig. 2).  
Near Kotli, Himalayan Frontal Thrust and the Kotli Thrust appear in the 
northwestern direction and run parallel to Jhelum Fault till the Kaghan 
Valley where the Jhelum Fault truncates the Himalayan Frontal Thrust 
(Baig and Lawrence, 1987). The alignment of epicenters (Fig. 2) along 
all these three faults shows that seismically they are active. This MBT 
fault zone and the area around HKS is the source of many strongest ever-
recorded earthquakes in the region and therefore represents very high 
earthquake potential. These include 1905 Kangra earthquake of M 8.6, 
1934 Bihar-Nepal earthquake of M 8.4 and the great Assam earthquakes 
of 1897 and 1950. The rupture, which caused these earthquakes, is 
occurred in the detachment in the vicinity of the surface trace of MBT 
(Seeber and Armbruster, 1979). 
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In the present study, MBT and HFT are found to be the most hazardous 
for the site of Muzaffarabad with the peak horizontal acceleration of 
0.47g and 0.42g respectively. 

 

Table 2: 

Computed Accelerations (g) Median (50-percentiles) 
Tectonic 
Features 

Maximum
Magnitude 

(Mw) 

Closest 
Distance to 

Faults (Kms) 
1 2 3 4 5 6 7 

Punjal 
Thrust 7.2 1.61 0.51 0.56 0.41 0.39 0.32 0.34 0.46 

MBT 7.8 0 0.59 0.7 0.58 0.41 0.47 0.47 0.62 
Oghi 
Thrust 6.9 22 0.19 0.25 0.14 0.13 0.12 0.15 0.16 

Mansehra 
Thrust 6.8 14 0.26 0.33 0.20 0.20 0.16 0.18 0.22 

Thakot 
Fault 7.1 44 0.10 0.14 0.08 0.06 0.08 0.08 0.09 

Puran Fault 7.2 65 0.06 0.09 0.06 0.03 0.06 0.08 0.06 

Himalayan 
Frontal 
Thrust 

7.6 1 0.56 0.63 0.52 0.41 0.42 0.42 0.56 

Jhelum 
Fault 7.1 0 0.51 0.55 0.39 0.32 0.31 0.27 0.44 

Sangargali 
Thrust 6.9 32 0.13 0.17 0.10 0.08 0.09 0.11 0.11 

Thandiani 
Thrust 6.8 34 0.11 0.15 0.09 0.07 0.08 0.10 0.10 

Nathiagali 
Thrust 7 36 0.12 0.16 0.10 0.08 0.08 0.11 0.10 

Balakot 
Shear Zone 
(BSZ) 

6.8 30 0.13 0.18 0.10 0.08 0.09 0.09 0.11 

 
NOTE:  
Here I, 2,3 etc are representing the attenuation equations used in the study i.e.1. Joyner and Boore, 
1982: 2. Sadigh et al., 1987: 3. Ambraseys and Bommer, 1991: 4. Campbell and Bozorgnia, 1993: 5. 
Ambraseys et al., 1996: 6.  Boore et al., 1997:7. Tromans and Bommer, 2002 

 

Panjal Thrust: 
Panjal Fault is a thrust fault, which runs parallel to MBT on the eastern 
limb of the Hazara-Kashmir Syntaxis and on the western side it lies over 
the Sangargali Fault with its nearest segment passing about 1.61kms 
from Muzaffarabad (Fig.1). Panjal Thrust curves around the apex of the 
syntaxis then bend southward (Kazmi and Jan, 1997). On both eastern 
and western limb of the syntaxis this fault has different tectonic and 
stratigraphic setting. Due to this reason Greco, 1991, has named the 
Panjal Thrust as Mansehra Thrust on the western side of the syntaxis. 
Further westward it apparently links up with the Khairabad Thrust (Yeats 
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and Hussain, 1987). However Baig et al., 1989, Treloar et al., 1989a; 
1990 and Coward et al., 1986 used the name Mansehra Thrust for 
another thrust passing close to Mansehra north of the Panjal Thrust. 
Therefore in order to avoid this confusion the term Abbottabad Thrust is 
used for that part of Panjal thrust passing on the western side of the HKS 
as suggested by Baig and Lawrence, 1987. They are also of the opinion 
that the Mansehra and Oghi Thrusts are the extension of Balakot shear 
zone in the Kaghan Valley and both of them are structurally above the 
Panjal Thrust. 

The macro-instrumental seismic record since 1904 shows that the 
earthquakes with magnitude ranging between 4-5.5Mw have occurred 
along these faults. On January 04, 1984 an event of magnitude 4.7 was 
located by MSSP, Nilore along the Panjal Thrust with its epicenter west 
of Haripur.  The seismic data of Tarbela microseismic network since 
1973 also show a lot of seismic activity along the Panjal fault.  

In the present work, Panjal thrust is also found to be hazardous tectonic 
feature with the peak horizontal acceleration of 0.34g. 

Maximum Earthquake Potential: 
The methods assigning a maximum potential magnitude to a given active fault 
based on empirical correlations between magnitude and key fault parameters 
such as fault rupture length, fault displacement and fault area (Idriss, 1985). 
Selection of a maximum magnitude for each source, however, is ultimately a 
judgment that incorporates understanding of specific fault characteristics, the 
regional tectonic environment, similarity to other faults in the region and data on 
the regional seismicity. The peak horizontal accelerations calculated by 
deterministic approach is largely affected by the choice of the maximum 
magnitude of an earthquake that can occur within the certain critical feature. The 
procedure followed in assigning the maximum potential magnitude of an 
earthquake depends upon the maximum magnitudes of earthquakes experienced 
in the past, the tectonic history and the geodynamic potential for generating 
earthquakes. Thus in the present case, the maximum potential magnitudes of 
twelve faults in the study area calculated on the basis of 50 % of total length 
(ICOLD, 1989) and using various available relationships by different authors like 
Bonilla et al (1984); Nowroozi  (1985); Slemmons et al (1989) and Wells and 
Coppersmith (1994). Table.2 gives all these active faults present in the study 
area, their total length, rupture length and maximum potential magnitudes 
calculated in the present study.  
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Attenuation equation relationships: 
The strong-motion attenuation relationship depicts the propagation and 
modification of strong ground motion as a function of earthquake size 
(magnitude) and the distance between the source and the site of interest. The lack 
of the local strong motion data in Pakistan makes it difficult to establish an 
attenuation equation of its own. Taking into consideration the seismicity patterns 
and the local geological conditions, various attenuation equations are developed 
by various workers for different regions. Several countries/regions that do not 
have their own attenuation equations use these equations for their own areas 
depending upon the local soil conditions similar to those areas for which they are 
formulated. 

In the present study, peak horizontal accelerations have been calculated using 
seven attenuation equations of Joyner and Boore (1982); Sadigh et al (1986); 
Ambraseys and Bommer (1991); Campbell and Bozorgnia (1993); Ambraseys et 
al (1996); Boore et al (1997); Tromans and Bommer (2002) as shown in Table. 2.  
Out of these seven equations the results of Boore et al (1997) equation have been 
preferred due to the two reasons. Firstly, this equation is based on a high quality 
data set and including the term specifying for reverse faulting, which is the 
dominant mechanism of earthquakes in this region. Secondly the same equation 
can also be used for earthquakes of focal depth > 30 kms i.e. both for the shallow 
as well as for the intermediate earthquakes. It should be noted that the values of 
peak horizontal accelerations given in the section of critical tectonic features is 
based upon this Boore et al., 1997 equation. 

Since attenuation relationships are based upon magnitudes of given type, a single 
scale must be selected. All the magnitudes in the composite list of earthquakes 
from 1904 to 2002 are therefore converted to moment magnitudes using the 
relationships of Ambraseys and Bommer (1990). 

Peak Horizontal Accelerations: 
The estimation of peak horizontal acceleration at the site depends upon the 
maximum potential magnitude, epicentral or hypocentral distance and local 
geological site conditions. Therefore on the basis of maximum potential 
magnitudes and shortest possible distance from the site, the peak horizontal 
accelerations have been determined using the various attenuation laws. As 
already mentioned no attenuation law could be developed for the South Asian 
region due to the absence of enough strong motion data, the attenuation laws 
developed for other regions of the world and recommended by ICOLD (1989) 
have been used. 

The peak horizontal accelerations were computed assuming that maximum 
earthquake along a fault occurs at the shortest distance of this fault from the site. 
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For attenuation laws, which take into account focal depth also, acceleration 
values have been computed for focal depth of 10 kms. All these values of peak 
horizontal accelerations computed by applying attenuation laws proposed by 
various workers are summarized in Table. 2. 

Conclusion: 
In order to assign the peak ground accelerations associated with the critical 
features present in the area of NW Himalayan Fold and Thrust Belt, the seismic 
hazard assessment using deterministic approach has been carried out on the basis 
of Quaternary faults study and the available tectonic and seismological 
information. The main conclusions based on this study are as follows: 

• The area surrounding the Muzaffarabad is seismically very active. 
Twelve faults shown in Table.1have been considered as the critical 
features at the shortest surface distance of 100 kms from the site. 

• The distribution of both historical and instrumental earthquake data in 
and around the study area shows that seismically the area is very active.  

• Although several epicenters of recorded earthquakes can be associated 
with the known faults of the area but in order to find out the precise 
nature of the faults, focal mechanism studies of earthquakes must have 
also carried out.   

• The historical seismic data (before 1904) shows that apart from the 
frequent occurrence of VII-VIII intensity earthquakes in and around the 
area, the maximum intensity of X on MM intensity scale also occurred in 
25 AD in the area. 

• The instrumental seismic data (after 1904) indicates that the earthquakes 
of Mw 5-5.9 have frequently been recorded in the area (Fig. 2). The 
microseismicity recorded by local networks confirms the still ongoing 
crustal deformation in the area. 

• Since Pakistan does not have the attenuation equation of its own 
therefore nine different available attenuation equations are applied. Out 
of these seven equations the results of Boore et al (1997) equation have 
been preferred due to the two reasons. Firstly, this equation is based on a 
high quality data set and including the term specifying for reverse 
faulting, which is the dominant mechanism of earthquakes in this region. 
Secondly the same equation can also be used for earthquakes of focal 
depth > 30 kms i.e. both for the shallow as well as for the intermediate 
earthquakes.  
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• The selection of the site of Muzaffarabad is primarily based upon the fact 
that this represents the well populated locations with appreciable level of 
seismicity and the active tectonic features are present around it.  

• On the basis of maximum potential magnitudes and the peak horizontal 
accelerations, the tectonic features have been designated as the most 
hazardous to the site are shown in Table.2. 

• MBT i.e. Main Boundary Thrust representing the maximum potential 
magnitude of 7.8 and peak horizontal acceleration of 0.47g and therefore 
representing the most critical feature of all twelve features selected for 
the site of Muzaffarabad (Table.2). 

• In the present work, the seismic hazard assessment has been carried out 
using the deterministic approach only, however in order to generate more 
precise and accurate seismic hazard picture of the area, the probabilistic 
approach must be applied also.  
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IMPACT OF EL-NINO ON SUMMER MONSOON 
RAINFALL OF PAKISTAN 
Abdul Rashid*

Abstract: 
El-Nino is the dominant mod of inter- annual climate variability on a planetary 
scale. Its impact is associated worldwide with the displacement of large scale 
tropical circulation. Several areas of the tropics are directly affected by droughts 
or wet conditions linked to the occurrence of El-Nino events. This study explores 
the relationship between El-Nino and Pakistan monsoon rainfall. From the 
analysis of the data it is evident that El-Nino has a negative effect on summer 
monsoon (Jul – Sept) rainfall of Pakistan. 

Introduction: 
El-Nino is defined as a warm current of water initially referred to a weak warm 
current appearing annually around Christmas time along the coast of Ecuador and 
Peru and lasting only a few weeks to a month of more. The Southern Oscillation 
(SO) is global scale sea saw of surface pressure with centers of action around 
Indonesia, North Australia and south east pacific. 

The two phenomena were discovered and studied for decades as separate entities. 
Now they have been recognized as one and called ENSO. Thus ENSO is another 
term for El-Nino and scientists use this term to explain the existence of El-Nino 
better (Bhalme, 1991). 

In contrast to El-Nino, La-Nina refers to an anomaly of usually cold sea surface 
temperatures in the eastern tropical pacific. 

El-Nino occurs due to change in the normal pattern of the trade wind circulation. 
In normal condition (fig1) the trace wind converge near the equator and flow 
westward toward Indonesia. This steady westward flow creates a warm surface 
current that moves from east to west along the equator. The result is a “piling up” 
of a thick layer of warm surface water that produces higher sea levels. 

Then for unknown reasons (fig2), the Southern Oscillation occurs, and the 
normal situation just described changes dramatically. Barometric pressure rises in 
the Indonesian region, causing the pressure gradient along the equator to weaken 
or to reverse. As a consequence, the once-steady trade winds diminish and may 
even change direction. This reversal creates a major change in the equatorial 
current system, with warm water flowing eastwards. With time, water 
Temperature in the central and eastern pacific increase and sea level in the region 
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rises. This eastward shift of the warmest surface water marks the onset of El-
Nino (Frederick and Edward, 1998, page 179-181). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 

Fig. 1 

 
In El-Nino event sea surface temperatures (SST) is raised at least ones standard 
deviations above the monthly mean for at least four consecutive months at three 
or four designated coastal stations. 

The event is called strong (W+) when sea surface temperatures (SST) is equal or 
greater than 4°C than the normal, moderate (W) when SST is 3°C or more than 
the normal, weak(W-) when SST 2°C or more than is normal. Every three to 
seven years, an El-Nino event may last for many months, having significant 
economic and atmospheric consequences worldwide (Moura, 1994). 

During an El-Nino, only a small fraction of heat released to the atmosphere is via 
direct heat flux from a warmer ocean surface. In fact most of the heating result 
from increase of surface moisture convergence in areas of anomalous warm SST, 
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which leads to the development of deep convection and the release of latent heat 
of condensation in mid or upper tropospheric precipitation clouds. Thus to some 
extent the anomalously warm ocean plays a catalytic role in the hydrological 
cycle and the thermodynamic mechanisms that force the atmospheric circulation. 

 
Table 1: Cold and Warm Episode of El-Nino by Season 

Year JFM AMJ JAS OND 
1976 C N N W- 
1982 N W- W W+ 
1983 W+ W N C- 
1986 N N W- W 
1987 W W W+ W 
1991 W- W- W W 
1992 W+ W+ W- W- 
1993 W- W W W- 
1994 N N W W 
1997 N W W+ W+ 
1998 W+ W C- C 
2002 N W- W W 

 
Legend:  

  N Normal Temperature C- Weak La-Nina 
  W- Weak El-Nino  C Moderate La-Nina 
  W Moderate El-Nino C+ Strong La-Nina 
  W+ Strong El-Nino 
 

Preliminary relationship between El-Nino and precipitation in many Regions of 
the world were noted during the major El-Nino event namely the 1972-1973, 
1982-1983 and 1997-1998 events. Because El-Nino is a global event a strong 
occurrence leads to the nearly simultaneous appearance of large climatic 
anomalies over many regions around the world. Within the tropics, the eastward 
shift of thunder storm activity from Indonesia into the central Pacific during 
warm episodes usually result in abnormally dry conditions over northern 
Australia, Indonesia and Philippines in both seasons. Drier than normal 
conditions are also usually observed over south eastern Africa and northern 
Brazil. During the northern summer season, the Indian monsoon rainfall tends to 
be less than normal, especially in northwest. Wetter than normal conditions 
during warm episodes are usually observed along the west coast of tropical South 
America, and at subtropical latitudes of North America (Gulf Coast) and South 
America (southern Brazil to central Argentina) (WMO update 1997-1998). 
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Following El-Nino event were identified during the period 1974-2003. 

1976-1977, 1982-1983, 1986-1987, 1991-1992, 1994-1995,1997-1998, 2002-
2003. 

Data: 
Different 21 synoptic observing stations were selected for the period 1974-2003 
to study the impact of El-Nino on summer monsoon rainfall of Pakistan (Map 1). 
The criteria for selection of these stations are that they cover almost whole of 
Pakistan. 

Methodology: 
Normalized standard deviation (NSD) versus time have been plotted to find out 
the relationship between different intensities of El-Nino and rainfall. 

σ
RR

DSN y −=..  

Where σ is standard deviation of all available data 
=R Mean rainfall of all available data 

Ry   = Mean rainfall of particular years. 

Map. 1 
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Discussion: 
Table 2:  

Year AMJ Episode Rainfall 
1976 N Above Normal 
1982 W- Below Normal 
1983 W Above Normal 
1986 N Below Normal 
1987 W Below Normal 
1991 W- Below Normal 
1992 W+ Above Normal 
1993 W Below Normal 
1994 N Above Normal 
1997 W Nearly Normal 
1998 W Below Normal 
2002 W- Below Normal 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When the NSD is compared with AMJ episode, it is observed that whenever the 
temperature is above normal, the rainfall is below normal (e.g.1982, 1987, 1991, 
1993, 1998 & 2002) and nearly normal in 1997. However variation has been 
noticed in the years 1983 and 1992 in which rainfall is above normal. 

When the temperatures are normal the rainfall is above normal (i.e. 1976 and 
1994), except in the year 1986, in which rainfall has been below normal (shown 
in Fig. 3 Table2) 
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Table 3: Rainfall Relation with JAS Episode 
 Year JAS Episode Rainfall 

1976 N Above Normal 
1982 W Below Normal 
1983 N Above  Normal 
1986 W- Below Normal 
1987 W+ Below Normal 
1991 W Below Normal 
1992 W- Above Normal 
1993 W Below Normal 
1994 W Above Normal 
1997 W+ Nearly Normal 
1998 C- Below Normal 
2002 W Below Normal 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When the NSD is compared with JAS episode, it is observed that whenever the 
temperatures are above normal the rainfall is below normal (e.g.1982, 1986, 
1987, 1991, 1993 & 2002) and nearly normal in the year 1997, while above 
normal in the year 1992-1994. 

When the temperatures are normal the rainfall is above normal (e.g.1976 and 
1983), Similar to the AMJ episode. 
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However variation from this behavior has been observed in the years 1998. When 
there is slight cooling and the rainfall is below normal. 

When the NSD is compared against the combined effect of AMJ and JAS 
Episodes, it is observed that if the warming is there is the month of AMJ and it 
continuously increases till JAS. The amount of rainfall is much below normal 
(e.g.1982, 1987, 1991 & 2002) and nearly normal in the year 1997. If the 
warming is there in the month of AMJ and it persists in the months of JAS with 
the same intensity, the rainfall is below normal (e.g. 1993.) 

If the warming is there is the month of AMJ and it starts decreasing in the months 
of JAS. The amount of rainfall is above normal (e.g.1983 & 1992). 

If there is no warming in the month of AMJ i.e. temperatures are normal and 
warming start in the month of JAS, the rainfall is slightly below normal (e.g. 
1986). 

If there is no warming in the month of AMJ i.e. temperature are normal and they 
remain normal in the month of JAS. The rainfall is above normal (e.g. 1976) 
(shown in Fig 4, Table 3). 

Table.4: Rainfall Relation with AMJ and JAS Combined Episode. 
 
 

Year AMJ 
Episode 

JAS 
Episode 

Rainfall Temperature 

1976 N N Above Normal Normal 
1982 W- W Below Normal Increasing 
1983 W N Above Normal Decreasing 
1986 N W- Below Normal Increasing 
1987 W W+ Below Normal Increasing 
1991 W- W Below Normal Increasing 
1992 W+ W- Above Normal Decreasing 
1993 W W Below Normal Constant 
1994 N W Above Normal Increasing 
1997 W W+ Nearly Normal Increasing 
1998 W C- Below Normal Decreasing 
2002 W- W Below Normal Increasing 
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However variation from this behavior has been observed during the years 1994 in 
which temp is normal in AMJ and increasing in JAS the rainfall is above normal 
whereas in 1998 temperature has been above normal in AMJ and because slightly 
cold in JAS then the rainfall is below normal.(shown in Fig 5 ,Table 4) 

Conclusion: 
From the above results it may be concluded that as El-Nino year if there is 
warming in the month of AMJ and it increases in the month of JAS or it persists 
or even warming start in the month of JAS. The monsoon rainfall will be in 
deficit.  

If there is no warming in the months AMJ and JAS i.e. the temperatures are 
normal or even warming is there in the month of AMJ and it starts decreasing in 
the month of JAS, the monsoon rainfall will be above normal. 

In short it can be said that in an El-Nino year if there is warming in AMJ are even 
it is normal and it is likely to continue or increase in JAS then there is likely hood 
that monsoon rainfall over Pakistan will be in deficit. 
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METEOROLOGICAL ASPECTS OF THE DECAY 
OF TROPICAL CYCLONE 01A IN NORTH 
ARABIAN SEA (MAY 05-11, 2004) 
Azmat Hayat∗ , Zahid Rafi∗, Rehan Ahmad∗,    

Abstract: 
In changing climate scenario, the intensity and frequency of extreme events is also 
changing. Extreme events are often the consequence of a combination of factors 
that may not individually be carrying such devastating socio-economic and 
environmental impacts. 

The aim of work is to understand the dynamics of the SST and Wind fields in the 
development and decay of tropical cyclone 01A. Of particular interest is the impact 
of atmospheric forcing on the circulation patterns in open waters.  

Satellite remote sensing data, in combination with other sources of information is 
used to analyze the cyclone structure during its course of development and found 
that on 9th May, 2004, upper level winds blew the storm apart and weakened it. 
SST fields around the cyclone dropped by 0.5-1.0°C on 9th May indicating the 
upwelling in the region. Combination of these factors resulted in the decay of 
cyclone in north Arabian Sea. 

Introduction: 
Tropical cyclones are the off-spring of ocean-atmosphere interaction, powered by 
heat from the sea, driven by the easterly trades and temperate westerlies, the high 
planetary winds and their own fierce energy (WMO Technical Note # 201). 
Cyclones are among the most devastating natural hazards. Their potential for 
wrecking havoc caused by their violent winds, torrential rainfall and associated 
storm surge, flash floods is aggravated by their severity, size, frequency of 
occurrence and the vulnerability of the vast coastal areas they affect. The impact of 
tropical cyclones is greater over coastal areas which bear the brunt of the strong 
surface winds and flooding from the rainfall and storm surge at the time of 
landfall. 

Occurrence of tropical cyclone in the Arabian Sea is very rare; about 1.84 cyclones 
per year. No tropical storms develop during winter season (Jan-Mar). The peak 
season of cyclonic activity in Arabian Sea is the pre-monsoon season (Apr-Jun) 
and post monsoon season (Oct-Nov). The most active month is June during in 
which frequency of cyclones is 0.43 storms. Analysis of last 53 years data depicts 
that relatively more tropical storms developed in Arabian Sea during 1950-1975 
period compared to 1976-2003 segment. 1950-2003 annual occurrences of 
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cyclones show a negative trend in terms of the development of cyclonic storms in 
Arabian Sea as depicted by the following graph. 
 

Approach:  
servations for the analysis are based on satellite data from 

n Sea were studied on twelve hourly bases 

TMI SSTs data near Tropical Cyclones: 
) has produced passive microwave 

Chronology of Cyclone 01A: 
g first week of May across the 

days of May.  

Annual Occurrance of Tropical Cyclones in Arabian Sea
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Fig. 1 

Mean # of cyclones 
during 1976-2003 

Mean # of cyclones 
during 1950-1975 

The primary ob
geostationary and polar orbiting satellites covering the Arabian Sea. Cloud pictures 
were mainly extracted from GMS-5 Satellite whereas SST, wind and precipitation 
data was extracted from TMI satellite.  

Meteorological conditions in the Arabia
during 1st decade of May, 2004 and the development of the storm was correlated 
and documented accordingly. 

The TRMM Microwave Imager (TMI
observations at 10.7, 19.4, 21.3, 37.0, and 85.5 GHz since December 1997. 
Orbiting at 35° inclination from the equator, TRMM provides sampling 
throughout the diurnal cycle. Remote Sensing Systems has developed a 
Sea Surface Temperature (SST) algorithm, relying primarily on the 10.7 
GHz channel. Physical parameters in the retrieval algorithm were adjusted 
to minimize cross-talk errors due to wind speed, wind direction, 
atmospheric water vapor, and cloud water. Accordingly the performance 
of its algorithm has been found relatively more accurate compared to 
Reynolds and AVHRR SST products. 

As the spring heat wave broken out durin
subcontinent, Sea Surface Temperatures of Arabian Sea and adjoining north Indian 
Ocean became 1°C above than normal. Tropical waves started developing and 
enhanced convective activity was observed in satellite cloud imageries during early 
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The optimum interpolation analysis showed the presence of a low pressure over 
Arabian Sea on 3rd May. The winds had become easterly and North easterly. 

Arabian Sea and Bay of Bengal. 
mperatures resulted in pressure fall over the Central Arabian Sea. 

ts.  

ical depression was 

5th May

terly direction,

an. 

6th May
veloped, warmer than 

STs over central Arabian Sea, low vertical wind shear and 

Simultaneously, a high pressure was built up over south west of Arabian Sea near 
Gulf of Oman. The high pressure enforced this cyclonic storm to develop near the 
Indian coast.. 

On 4th May:  
SST along 10°N reached above 32°C in 
High te
The cyclonic circulations were observed up to 700mb on 4th May. Satellite 
and surface data showed that; the wind speed was over 50kts at 
tropospheric level but surprisingly it was just 20kts to 30kts at 200mb.  

The low level winds continued to be easterly and southeasterly over 
southern India and southeastern Arabian Sea with wind speed 20 to 30 k

The vertical wind shear between 850mb and 700mb was only 1.5*10-3 per 
sec, which was small and favorable for cyclogenesis.  

Also the forward motion of the wave completed the closure on the 
northern side of a broad low-level center, and a trop
formed. It was located at 11.7°N & 72°E at 0600Z.  

 2004: 
As the depression moved in 
northeas  
carioles force together with 
high pressure aloft supported 
the development of cyclonic 
activity. Winds registered by 
TMI sensor were above 35 
knots. As such the depression 
was declared as tropical 
cyclone TC-01A at 0600 on 5th 
May, 2004. Its location was 
11.3°N and 73°E; about 
1400KM south of Karachi-Pakist

, 2004:  
Despite the fact that the eye of cyclone was not de

Fig. 2 

average S
enhanced convective activity provided sufficient energy to the storm for 
further development. Wind speeds increased to 45 kts. The system was 
located at 12.5°N, 73°E at 0600Z.  
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The cyclone moved to & fro along 72°E longitude most of the day with 
dominant backward track and was located at 11.2°N, 71.5°E. The central 

 

th May, 2004: 
The cyclone started organizing in more structured format and as d 

om high rate of evaporation due to favourable SST. Falling 

pressure remained nearly same(994 hpa).  

 

 

 

 

 

 

 

 

7
it gaine

energy fr
pressure tendency was recorded at the centre of cyclone. Satellite picture 
also depicted the intensification of cyclone in the afternoon. 

Analysis at 500hpa (Left) indicating the dipping of westerly wave down to 25°N Lat. Analysis at 925hpa 
(Centre) indicates the coupling of cyclonic circulation to seasonal low over southern parts of Pakistan. 
The satellite imagery of 1000GMT(right) indicates well organized cyclonic storm at Lat. 12.4°N, Long 
71.5°E. Fig. 4 

Fig. 3 
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Animated multi-spectral Satellite imagery indicated an organized area of 
convection over low level cyclonic circulation. Development of system 
was duly supported by weak vertical wind shear and good diffluence aloft. 
The westerly wave started affecting upper parts of country and westerly 
trough became sufficient deep. Accordingly southerly wind component 
became strong and the cyclone moved in northerly direction. In the 
afternoon at 1200GMT, the cyclone was 12.5°N and 71.6°E.  

8th May, 2004:  
Relatively dry air from north and fast movement due to effect of westerly 
wave slightly weakened the 
cyclone. The cyclone lay centered at 
0600GMT near Lat. 13.5 °N / Lon. 
71.0°E, about 1300 km south of 
Karachi and 685 km south of 
Mumbai. In the afternoon, fast 
moving westerly wave tracked 
northeastward and its influence to 
cyclone diminished. The cyclonic 
storm moved to & fro and started to 
re-intensify and its central pressure 
dropped to 992hpa. At 2100GMT 
the cyclone lay centered at Lat. 
14.1°N/ Long. 73.0°E, about 1200 km south of Karachi. The TC 01A has 
moved in NNE'ly direction in last 8 hrs. Animated multi-spectral satellite 
imagery at 2100GMT indicated well organized area of convection over 
low level cyclonic circulation. 

Fig. 5 

9th May 2004: 
Tropical Cyclone 01A continued to spin over the Arabian Sea. As of 
Sunday morning, the storm was centered about 1100 KM south of Karachi, 
Pakistan. Maximum sustained winds with the storm were about 40 knots, 
and movement was towards the northwest at 15 Knots. The cyclone had 
been stronger, but upper level winds had blown the storm apart and 
weakened it. Multispectral and water vapour imageries depicted a decrease 
in convection. Low to mid-level ridge over India was strong enough to 
force the cyclone to track northward. This track had kept the storm over 
waters and away from land.  

Fast movement and weak to moderate vertical wind shear at 200 mb 
contributed in weakening tendency of cyclonic storm. 
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10th May 2004: 
The southwesterly wind shear increased during early hours and the cyclone 
was tilted in northerly direction due to strong upper air winds. Main 
convective activity was taking place about 0.2° north of the centre of 
cyclone. At 0000GMT, the centre was near Lat. 16.80°N/ Long. 70.0°E, 
about 1000 km southeast of Karachi. The TC 01A had moved in NNW'ly 
direction during last 10 hrs.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 

NOAA Coastwatch 
Winds on 10th May, 

SST over the north Arabian Sea, showed decreasing trend due to 
upwelling. Rate of cooling of SST depicts vigorous upwelling activity in 
the area. Animated multi-spectral satellite imagery at 1200GMT showed 
that the cyclone was blown apart due to unfavorable conditions for further 
development of cyclone. The Tropical Cyclone continued to move in the 
North-Northwesterly direction at a speed of 10 knots with maximum 
sustained winds of 30 knots as monitored by TMI sensor. The system was 
now located near Lat19.0Nº, Long70.0Eº, about 600km South of Karachi. 
This system traveled 400km with the speed of 10kts (18km/hr) during last 
22hours. 

The dissipation of tropical cyclone (01A) was continued and this was 
converted into a depression on 10th May at 1200GMT. Finally the system 
was observed near Lat 22.1Nº and Long 67.2Eº. Further this system 
weakened into a low-pressure area on 11th May 2004. 
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Track of Cyclone 01A, 2004: 
The cyclone didn’t follow a go-forward 
track during its life cycle. It showed to & 
fro motion on 5th and 8th May, 2004 and 
intensified during such situation. Detailed 
track of the cyclone is shown in fig 3.  

Weather Realized: 
Under the influence of cyclonic storm 
01A, rainfall with isolated heavy falls over 
Karalla, coastal Karnataka, India was 
observed. Maximum significant wave 
height on 10th May morning along Indian coast was 16 feet.  

Fig. 7 

In association with this system moderate to 
heavy rainfall was reported from station in 
GAO and coastal areas of Maharashtar and 
Gujarat including some of the interior 
districts. This resulted into normal to 
excess rainfall along the west coast during 
the passage of tropical cyclone.  

Fig. 8 

Under the influence of this dissipating 
system, scattered rain/thundershower was 
also reported in coastal areas of South East 
Sindh - Pakistan 

Damage: 
Six people died in the southern India but no damage to life and property was 
reported from Pakistan. 

Conclusion: 
Normally the cyclonic storms continue to develop/intensify as soon as it continue 
to spin over waters and its dissipation starts after land fall. However this cyclone 
dissipated over waters. Decay of the cyclone 01A was mainly governed by 

• Relatively sharp decreasing tendency of SST in the area 

• Light to moderate southwesterly wind shear 

• Fast movement of the system due to strong heating inland. 
Also upper air strong winds played an important role in deforming and weakening 
of cyclone 01A. 
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CORRELATION BETWEEN MULTIVARIATE 
ENSO INDEX (MEI) AND PAKISTAN’S SUMMER 
RAINFALL 
Arif Mahmood∗, Tariq Masood Ali Khan∗, Nadeem Faisal∗

Abstract: 
The present paper deals with the Influence of El Nino event on the summer 
monsoon rainfall over Pakistan. The correlation between monthly rainfall of 
summer monsoon season and bi-Monthly Multivariate ENSO Index (MEI) has 
been calculated to see the influence of El Nino on the summer monsoon rainfall. 
While study the correlation’s with the ENSO events out side the Pacific Ocean 
MEI is more appropriate than other indices like Southern Oscillation Index (SOI) 
as MEI integrates complete information on ENSO viz. six oceanic and 
meteorological variables over the tropical Pacific. The results of the study show 
that there is a tendency of reduction in summer monsoon rainfall over Pakistan 
during El Nino years. The deficiency in %rainfall is statistically significant up to 
90 %level during July and September months. It is interesting to note that 
Pakistan receives more than normal rainfall during summer monsoon season in 
the immediate following year after the El Nino event.  

Since topography plays an important role in the frequency, intensity and 
distribution of rainfall, correlation analysis is also performed for northern and 
Southern Pakistan region. Over Northern Pakistan the reduction in % rainfall 
departure is significant during July and September during El Nino years. 
Whereas in case of Southern Pakistan, July and August rainfall show significant 
reduction during El Nino years. 

Key Words: El Nino, Multivariate ENSO Index (MEI), Summer Monsoon 
Rainfall, Pakistan 

Introduction: 
El Nino Southern Oscillation (ENSO) Events affect weather, climate, marine and 
terrestrial ecosystems worldwide. Since the early nineties climatologists have 
tried to understand the coupling of the Indian Monsoon with the Southern 
Oscillation in order to predict the monsoon rainfall over Asia. Webster and Yang 
(1992) review the historical background of Monsoon and ENSO coupling. They 
explain that "early studies identified the monsoon as a regional physical entity 
and naturally, attempt to understand its structure and variability focused on local 
effects. In recent decades, with the advent of more homogeneous data set from 
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satellites and a more conventional data base, there has been little to counteract 
this global view of the monsoon. The response of the Indian Ocean to ENSO 
varies from season to season (Singh and Rout, 1999). According to the study 
(Singh et al., 2002), the frequency of monsoon depressions over the Bay of 
Bengal in July and August is higher during El Nino Years. For instance during 
the strongest El Nino event of 1982, six monsoon depressions were formed in 
July-August over the Bay of Bengal against the normal frequency of about three. 
This gives some indication of the type of relation between ENSO and monsoon 
depressions.  
Recent studies have brought the relationships between ENSO and rainfall in 
different areas of the world, which vary from area to area (Bhalme and Jadhav, 
1984). It is well known that Indian summer monsoon is adversely affected by 
ENSO and Indian subcontinent seems to receive less than normal rainfall during 
ENSO monsoon years (Shukla and Paolino, 1983; Thapliyal, 1990). However, 
when we consider the rainfall on sub-seasonal and smaller spatial scales different 
relationships emerge. For instance ENSO does not seem to have any significant 
impact on the monsoon rainfall of eastern region of India and Bangladesh 
(SMRC, 1999). The enhanced frequency of depressions during El Nino years 
dampens the adverse impact of ENSO on the rainfall of Eastern coastal region of 
India and Bangladesh, which falls in the track of monsoon depressions. 
Interestingly, August rainfall of Bangladesh is higher than normal during warm 
phase of ENSO. This higher rainfall in August covers the deficiency of June 
rainfall during warm phase of ENSO years. Therefore, the general impression 
that the ENSO adversely affects the monsoon rainfall of entire Indian 
subcontinent is perhaps not correct.  

Pakistan is also prone to the impulse of summer monsoon. But no attempt has 
been made to find out the impact of warm phase of ENSO on the monsoon 
rainfall of Pakistan on monthly scale basis. There have been some qualitative 
studies on the relationships between the El Nino years and the rainfall over 
Pakistan (Arif et al. 1994; Chaudhary, 1998). But none of them has looked into 
these relationships in a monthly and a quantitative manner. The main objective of 
present study is to look into the relationship between ENSO and summer 
monsoon rainfall of Pakistan on a monthly scale. 

The El Nino/Southern Oscillation (ENSO) represent both atmospheric and 
oceanic phenomena. The ENSO system is a semi-periodic oscillator whose major 
parameters include the various sea surface temperature anomalies, pressure, the 
surface wind and upper layer thickness over the Pacific. The Southern Oscillation 
Index (SOI) gives a simple measure of the status of the Walker circulation 
(Tahiti-Darwin pressure), which may be more suitable for the study of weather 
anomalies over the Australia, Indonesia and the areas located in the Pacific Rim 
region. For other parts of the world, while study the correlation’s with the ENSO 
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events, the Multivariate ENSO Index (MEI) would be more appropriate, which 
integrates complete information of six oceanic and meteorological variables over 
the tropical Pacific. Therefore, use of MEI in the studies relating to the linkage 
between MEI and different weather parameters in the subcontinents provides 
better understanding. In the earlier studies the MEI has already been used for 
studying the relationship with the rainfall of Bangladesh and Eastern coastal belt 
of India. In this study the relationship between MEI and summer monsoon 
rainfall over Pakistan in the individual monsoon months have studied. As the 
impact of El Nino on the atmospheric and oceanic processes depends upon the 
geographical location of the area, topography and as well as the climatic nature 
of the region. Keeping in view of the above mentioned factors, an effort has also 
been made to determine the relationship between MEI and % summer monsoon 
rainfall for the southern Pakistan and Northern Pakistan. For this purpose the 
whole Pakistan is divided into two regions, called Northern Pakistan and  

Fig. 1: Map showing the study area and selected meteorological Stations 

Southern Pakistan. The geographical position of Pakistan and the imaginary 
dashed bold line on the map representing the limits of two regions and the 
stations located in the Northern and Southern Pakistan are shown in Fig.1. 

57 



Pakistan Journal of Meteorology Vol. 1 Issue: 2, September, 2004 

Data and Methodology: 
Summer monsoon rainfall data was obtained from Pakistan Meteorological 
Department. Time series' of about 56 stations rainfall data are used during 
analysis.  Stations are shown in Figure-1 located at both hilly and flat areas of 
Pakistan. Monthly rainfall departure over Pakistan has been computed for July, 
August and September for the period of 54 years 1950-2003. It may be noted that 
since in Pakistan monsoon rain starts from the last week of June or from the 1st 
week of July, June rainfall data is not used in this study. 

The MEI, which is one of the measures of ENSO, integrates more information 
than other indices; it reflects the nature of the coupled ocean-atmosphere system 
better than either component. The MEI is calculated as the first principal 
component of six variables over the tropical Pacific such as sea surface 
temperature, sea level pressure, zonal and meridian components of the surface 
wind, air temperature and total cloudiness fraction of the sky. The MEI values 
are computed for every month based on the two preceding calendar months. Thus 
MEI values are bimonthly and pertain period from 1st week of pervious month to 
1st week of the next month. The computation details of Multivariate ENSO Index 
may be seen in Wolter and Timlin (1993,1998). Thus MEI does a better job than 
other indices for the overall monitoring of the ENSO phenomenon, including 
worldwide correlations with surface temperatures and rainfall. Hence in this 
study Multivariate ENSO Index (MEI) is used to find any relationship between 
ENSO events with the percentage summer monsoon rainfall over Pakistan.  The 
standardized departure of MEI values since 1950 is obtained from Climate 
Prediction Center, Washington D. C., USA (Figure-2). 
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Fig. 2 Standardized departure of MEI since 1950 
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The information regarding El Nino (warm) and La Nina (cold) episodes for the 
last 54 years are obtained from NOAA/CIRES Climate Diagnostics Center, 
Boulder, USA. It may be noted that care has been made during the selection of El 
Nino years. The selection of El Nino years is based on the season to season 
breakdown conditions and the intensity of each event in the tropical Pacific. 
Breakdown is made on quarterly basis by dividing the year into four parts or 
seasons e.g. January-February-March, April-May-June, July-August-September 
and October-November-December. Thus those years are taken here in which 
April-May-June and July-August-September conditions were under strong to 
moderate El Nino episode. The El Nino years considered for this study are 1953, 
1957, 1965, 1972, 1982, 1986, 1991, 1997. Monthly correlations of percentage 
departure of summer monsoon rainfall with MEI values pertaining to the period 
from the first week of previous month to the 1st week of the month under 
consideration have been computed. The time series of MEI values along with All 
Pakistan % rainfall departure since 1950 have been presented in Table-1.  

Table 1: MEI and Percent rainfall departure over Pakistan during Monsoon Months 

Year 

MEIjj  
(1st 
week of 
Jun to 
1st week 
of Jul) 

July 
% rainfall 
departure 

MEIja  
(1st 
week of 
Jul to 1st 
week of 
Aug) 

August 
% rainfall 
departure 

MEIas 
(1st 
week of 
Aug to 
1st 
week of 
Sept) 

September 
% rainfall 
departure 

1950 -1.303 -10.1 -1.057 -13.6 -0.644 -11.9 
1951 0.769 -52.5 0.876 -30.3 0.807 -96.7 
1952 -0.191 11.9 -0.153 -51.7 0.348 -90.7 

1953* 0.433 -24.0 0.251 16.4 0.547 -17.4 
1954 -1.406 -48.1 -1.433 -55.1 -1.190 155.2 
1955 -1.888 -68.6 -1.986 129.5 -1.788 149.5 
1956 -1.182 177.2 -1.118 30.5 -1.345 -38.2 

1957* 0.978 -64.7 1.115 -24.0 1.147 -76.5 
1958 0.679 23.3 0.382 -56.9 0.077 125.8 
1959 -0.209 103.9 0.071 -8.3 -0.015 314.2 
1960 -0.311 8.2 -0.246 -38.2 -0.511 -44.9 
1961 -0.262 63.4 -0.353 -11.5 -0.351 133.1 
1962 -0.801 -15.6 -0.550 -12.1 -0.517 103.7 
1963 0.379 -60.6 0.656 -44.1 0.752 -41.2 
1964 -1.368 20.0 -1.539 -3.3 -1.301 -6.7 

1965* 1.429 -29.8 1.514 -45.7 1.447 -80.0 
1966 -0.118 -34.3 0.157 -53.9 -0.121 -32.6 
1967 -0.615 6.6 -0.504 7.9 -0.698 -36.7 
1968 -0.495 -55.4 -0.150 -42.8 0.186 -95.1 
1969 0.419 -21.2 0.277 -56.7 0.222 -40.1 
1970 -1.100 -42.3 -1.005 33.0 -1.237 118.6 
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1971 -1.232 -28.1 -1.260 -29.2 -1.463 -32.8 
1972* 1.814 -46.9 1.764 -39.7 1.582 -33.1 
1973 -1.076 56.9 -1.356 88.2 -1.693 -11.0 
1974 -0.784 -22.1 -0.703 -55.7 -0.622 -30.1 
1975 -1.504 17.7 -1.678 75.7 -1.812 76.4 
1976 0.621 28.6 0.724 86.4 1.024 206.4 
1977 0.847 33.1 0.698 -21.6 0.776 46.5 
1978 -0.365 160.8 -0.217 11.6 -0.351 3.3 
1979 0.360 -37.8 0.622 32.7 0.807 0.8 
1980 0.786 -6.4 0.369 -44.1 0.265 -3.6 
1981 -0.045 72.3 -0.152 2.2 0.127 -61.4 

1982* 1.600 -46.1 1.749 21.9 1.794 -80.5 
1983 1.788 1.4 1.232 119.5 0.527 102.8 
1984 -0.200 -1.6 -0.233 68.7 -0.098 45.8 
1985 -0.205 10.0 -0.422 -22.1 -0.542 -65.2 
1986 0.384 -29.6 0.709 45.2 1.089 -51.1 

1987* 1.824 -53.5 2.018 -43.4 1.905 -76.3 
1988 -1.213 79.7 -1.307 23.4 -1.516 -23.6 
1989 -0.489 81.3 -0.558 3.2 -0.268 -58.9 
1990 0.094 -39.8 0.100 59.0 0.421 76.0 

1991* 1.022 -62.9 1.041 -36.9 0.748 50.2 
1992 1.020 30.0 0.596 84.1 0.480 159.5 
1993 1.117 38.7 1.056 -70.2 1.006 -5.7 
1994 0.814 98.4 0.610 79.3 0.658 268.0 
1995 0.272 119.8 0.055 -11.9 -0.341 -54.2 
1996 -0.175 -44.4 -0.262 8.4 -0.309 -46.1 

1997* 2.633 -4.5 2.869 36.6 2.840 -27.8 
1998 0.343 -27.2 -0.172 -35.1 -0.551 74.7 
1999 -0.532 -30.4 -0.735 -21.9 -0.877 -8.5 
2000 -0.226 -11.3 -0.165 -29.4 -0.232 -12.7 
2001 0.133 33.9 0.274 -41.2 -0.222 -27.1 
2002 0.544 -75.2 0.843 -43.6 0.787 -10.2 
2003 0.022 94.9 0.265 18.7 0.455 7.2 

* Strongest El Nino years since 1950 
 

Regarding the mode of computation of the long-term trends, statistical analysis is 
performed by using the well known least squares method. The monthly linear 
trend coefficients have been calculated and Student-t test is performed to test the 
significance level.  
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Results and discussion: 
The correlation coefficients (CC) between the MEI and % monthly rainfall 
departure during summer monsoon season over Pakistan is computed here. Due 
to the typical nature of the topography, geographical position and as well as the 
climatic nature of Pakistan, the whole area is dived into two regions, called 
Northern Pakistan and Southern Pakistan. Therefore, statistical analysis is 
performed on both regions so as to get analysis on regionwise. 

The correlation coefficients between monthly summer rainfall and corresponding 
MEI values for Northern Pakistan, Southern Pakistan and for all Pakistan are 
presented in Table-2. While performing the correlations for Indian Ocean region, 
it is proved that ENSO does have influence on the atmospheric and 
oceanographic processes in this region with some lag (Singh et al., 2000, Khan et 
al., 2002). In this study it may be noted that due to the nature of MEI values, all 
CCs are lagging from monthly % rainfall by one month.  
Table 2: Correlation Coefficient (CCs) between MEI and Summer Monsoon Rainfall 

CORRELATION Coefficient (CCs) 
 MEIjj –  July % 

Rainfall 
MEIja –  August % 

Rainfall 
MEIas –  

September % 
Rainfall 

 
Pakistan -0.183* -0.157 -0.167* 
    
Northern Pakistan -0.188* -0.118 -0.193* 
    
Southern Pakistan  -0.170* -0.175* -0.110 

*Significant up to 90%level 
The negative CCs indicates less than normal rainfall, where as the positive CCs show the higher 
than normal rainfall. 
 

Correlation between MEI and all Pakistan % Rainfall 
Departure: 
During summer monsoon for all Pakistan basis, the July, August and 
September % rainfall are deficient having negative correlation -0.183, -
0.157 and –0.167 respectively (Table 2). However, deficiency in rainfall 
during July and September is significant upto 90% during El Nino Years. 
The time series of July, August and September % rainfall departures and 
corresponding MEI values are shown in Figure-3, Figure-4 and Figure-5 
respectively. In all selected El Nino years Pakistan received deficient 
rainfall during month of July. Same is true for the months of August and 
September also. However, relatively week correlation in these months 
suggest that it is not always true as in case of 1997 El Nino years 
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(Figure-4). The rainfall over Pakistan during July of 1957, 1987 and 
1991 were very much deficient i.e. –64.7 %, -53.5 % and -62.9 % 
respectively.  July rainfall was also below normal during other El Nino 
years.  

Similarly almost the same pattern in rainfall is observed during 
September of El Nino years. During September of severe El Nino years 
such as 1957, 1965, 1982 and 1987, Pakistan received much below 
rainfall than the normal and the % departures were –76.5, -80, -80.5 and 
-76.3 respectively. This type of trends during El Nino Years shows that 
there is a tendency of reduction in monsoon rainfall during the 
September of El Nino years. Time series analysis for the month of 
September (Figure-5) also shows some interesting results. It may be 
interesting to note that deficient rainfall (-95.1) was also observed during 
some non-ENSO years such as 1968. However, during statistical analysis 
it would not be correct to expect always one-to-one relationship between 
ENSO and rainfall departure.  

The correlation between MEI and August % rainfall departure over 
Pakistan during El Nino years is not significant statistically (-0.157). 
Thus the Impact of El Nino on August rainfall of El Nino years is not 
significant. But can be seen in the time series given in Figure-4, there is a 
tendency of subdued rainfall over Pakistan during August of El Nino 
years. Maximum deficiency of August rainfall i.e. –70.2 was observed 
during the period of long ENSO epochs 1991-1993 in the year 1993. 
Similarly highest excessive rainfall, which is about +119.5 was also 
observed during the period of ENSO event 1982-1983 in the year of 
1983.  This simply shows that ENSO does not have any significant 
adverse impact on August rainfall over Pakistan.  

Careful analysis of rainfall departure over Pakistan and corresponding 
MEI values indicates that Pakistan receives more than normal rainfall 
during summer monsoon season in the immediate following year after 
the El Nino event. During all months of summer monsoon season (July, 
August and September) of 1983 and 1992, which are the flowing years of 
El Nino events 1982 and 1991, Pakistan receives higher than normal 
rainfall. However, in some cases its not true for all summer monsoon 
months, but the over all total summer rainfall is always excessive in the 
following year just after the El Nino events (year).For example during 
July and August of 1973 just following year of 1972 El Nino event 
%departure of rainfall were +56.9 and +88.2 respectively. While in the 
same year September rainfall was -11.0.Thus the much excessive rainfall 
in July and August overshadowed September deficiency of rainfall and 
total summer monsoon rainfall is higher than normal. Same is true for 
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1958, 1973 and 1988 years just after the El Nino years of 1957, 1972 and 
1987 respectively, where excessive rainfall in some monsoon months 
overshadowed the deficiency in rainfall in the remaining monsoon 
months. 

Correlation between MEI and Northern and Southern Pakistan 
% Rainfall Departure: 
The topography of Pakistan is very complex. Northern Pakistan consists 
of mainly hilly areas and plateau including famous mountain ranges such 
as Himalayan, Koh Hindukash and Karakrum ranges. Whereas Southern 
Pakistan is mainly plain land with some hilly areas in the northwestern 
side. The orographic effect and wind pattern in the mountainous areas 
play important role in the frequency, intensity and distribution of rainfall 
in the Northern and Southern Pakistan. 

Therefore, to see the correlation pattern between MEI and % summer 
monsoon rainfall departure area wise, the selected meteorological 
stations were divided into two parts, northern Pakistan and southern 
Pakistan. During analysis for both regions (Northern and Southern 
Pakistan), only those stations data were used which are located in the 
Northern and Southern areas respectively.  

While analyzing the Table-2, it may be noted that July rainfall in both 
regions during El Nino years are less than normal and reduction in 
rainfall is significant. Statistically the correlation between MEI and % 
July rainfall departure for Northern Pakistan and Southern Pakistan are –
0.188 and –0.170 respectively. Therefore, it is clear that there is a strong 
tendency of reduced rainfall during July of El Nino years regardless of 
region. 

Very interesting results are noted when correlation was made for August 
and September months for both regions. In northern areas very week 
negative correlation   (-0.118) indicate that the reduction in the August 
rainfall during monsoon years is not significant.Whereas for southern 
region it is September, where a very week and not significant correlation 
exists (-0.11). In other words over Northern areas the reduction in % 
rainfall departure is significant during July and September during El 
Nino years, whereas in case of southern Pakistan, July and August 
rainfall show significant reduction during El Nino years. 

In view of the above mentioned analysis it is clear there is an adverse 
impact of ENSO on the summer monsoon rainfall over Pakistan. Though 
in this complex system of atmosphere and ocean one to one relationship 
does not exist always, but it is certain that ENSO imply a bad monsoon 

63 



Pakistan Journal of Meteorology Vol. 1 Issue: 2, September, 2004 

64 

-3

19
50

19
52

19
54

19
56

19
58

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

Year

-3

MEI Jun-Jul Rainfall Jul

-2

-1

0

1

2

3

4

St
an

da
ri

ze
d 

An
am

ol
y

-2

-1

0

1

2

3

4

over Pakistan and Pakistan receive deficient rainfall during monsoon 
months. One of the reasons may be the low intensity of cyclogenesis 
over Bay of Bengal and they dissipate without reaching to Northern India 
or Pakistan. 

 

 

 

 

 

 

 

 

 

 

 
Figure-3. Time series of MEI Jun-Jul and Rainfall-Departure Jul all over Pakistan 
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Figure-4. Time series of MEIJul-Aug and Rainfall-DepartureAug all over Pakistan 
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WEATHER IN PAKISTAN (April - June 2003) 
Akhlaq Jameel∗, Arif Mahmood∗ & S. Anzar Ali Jafri∗

Introduction: 
During the hot weather season, significant westerly low pressure waves passed 
across the country. Three strong weather systems influenced the Northern parts 
of the country during middle and towards the end period of April.  Two other 
significant weather spells occurred during first four days of May and last five 
days of June.  Under their influence heavy to very heavy rains and few dust 
storms in plains occurred at a number of places in Northern parts of the country. 
An easterly low which was formed over Kutch (India) and adjoining lower Sindh 
caused rainfall in Southern parts of Sindh on 18 & 19 June.  A number of dust 
storms also hit the plain areas of the country during May & June.  Severe heat 
wave/heat wave conditions prevailed over some parts in plains of Northeast 
Balochistan and Southern parts of Sindh for few days during the month of April 
and on a number of days in plains of the Punjab, Northeast Balochistan and 
Sindh during May and June.  Sibbi recorded 52.6° C on 5 June 2003 which is the 
highest maximum temperature ever recorded in Pakistan since 1931. 

Seasonal rainfall (mm) (April-June) 
Seasonal rainfall out of 56 meteorological observing stations in the whole 
country was in large excess in 10, moderate excess in 6, slight excess in 3, 
normal in 6, slight deficit in 6, moderate deficit in 8 and in large deficit in 17. 
(Definition shown in Appendix 1).Rainfall was in large excess in Gupis, Gilgit, 
Skardu, Bunji, Chilas, Saidu Sharif, Peshawar, Barkhan, Pasni and Karachi (Air 
port), moderate excess in Astor, Kohat, Lahore (Air port ), Bahawalpur, Khanpur 
and Badin, slight excess in Muzaffarabad, Kakul and Balakot, normal in Garhi- 
Dupatta, Chitral, Dir, Drosh, Risalpur and Quetta, slight deficit in Kotli, Cherat, 
Jhelum, Shorekot, Lahore (PBO) and Bahawalnagar, moderate deficit in 
Parachinar, Chaklala, Murree, Sialkot, Mianwali, Sargodha, Sibbi and Hyderabad 
and in large deficit in D.I.Khan, Faisalabad, Multan, Dalbandin, Nokkundi, Zhob, 
Kalat, Khuzdar, Panjgur, Jiwani, Moenjodaro, Jacobabad, Rohri, Nawabshah, 
Padidan, Chhor and Karachi(Masroor). The principal amounts of rainfall during 
the month of April, May and June 2003 are given in Table-5. Seasonal station- 
wise percentage rainfall departures are given in Fig. 1 and percentage departures 
in Table 1. Whereas province-wise graphic representation of rainfall is given in 
Fig. 2. 

                                                      
∗ Pakistan Meteorological Department, Karachi. 
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Monthly Features: 

1. April  
a. Weather and associated synoptic features: 

Details of weather systems formed during the month are given in 
Table 2. Rain/thundershowers occurred almost at a number of 
places on 7–11 days in Malakand, Hazara and Kohat divisions, 
on 3–5 days in FATA, Peshawar, Rawalpindi and Gujranwala 
divisions, on 1–2 days in Bannu, D.I.Khan, Sargodha, 
D.G.Khan, Zhob, Kalat and Mekran divisions. 
Rain/thunderstorms also occurred at a few places on 6–8 days in 
Rawalpindi, Gujranwala and Sargodha divisions, on 1–4 days in 
FATA, Malakand, Hazara, Bannu, Kohat, Peshawar, D.I.Khan, 
Faisalabad, Lahore, Multan, D.G.Khan, Bahawalpur, Quetta, 
Zhob and Mekran divisions. 

b. Rainfall in (mm) distribution: 
The rainfall was in large excess in 5 meteorological observing 
stations (Gupis, Skardu, Kohat, Peshawar and Pasni);  moderate 
excess in 3 meteorological observing stations (Astor, Saidu 
Sharif and Risalpur); slight excess in 4 meteorological observing 
stations  (Chilas, Muzaffarabad, Dir and Khuzdar); normal in 10 
meteorological observing stations (Gilgit, Bunji, Garhi Dupatta, 
Parachinar, Chitral, Drosh, Kakul, Balakot, Cherat and Murree); 
slight deficit in 1 meteorological observing station (Kotli);  
moderate deficit in 3 meteorological observing stations 
(D.I.Khan, Sialkot and Mianwali); and in large deficit in 30 
Meteorological observing stations (Chaklala, Jhelum, Sargodha, 
Faisalabad, Shorekot, Khanpur, Quetta, Dalbandin, Nokkundi, 
Zhob, Barkhan, Sibbi, Kalat, Panjgur, Jiwani, Moenjodaro, 
Jacobabad, Rohri, Nawabshah, Padidan, Hyderabad Badin, 
Chhor, Karachi (air port) and Karachi (Masroor). The principal 
amounts of rainfall during the month are given in Table-5. 

68 



Pakistan Journal of Meteorology Vol. 1 Issue: 2, September, 2004 

Table 1:Station wise rainfall (mm) for each month and season as a whole (April-June, 2003) 
              

    April May June Season 
    Actual Normal Dep 

% Actual Normal Dep% Actual Normal Dep% Actual Normal Dep%

S.No Name of station (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
              
1 Gupis  

  
  

  
  

             
             

             
     

  
    

             

  
   

70 20 250 99 24 313 37 8 363 206 52 296
2 Gilgit 23 23 0 87 25 248 7 6 17 117 54 117
3 Skardu 40 26 54 101 26 288 3 9 -67 144 61 136
4 Bunji 26 29 -10 118 29 307 9 7 29 153 65 135
5 Chilas 39 32 22 122 28 336 5 8 -37 166 68 144
6 Astor 111 87 27 124 71 75 15 20 -25 250 178 40
7 Muzaffarabad 124 111 12 134 79 70 99 103 -4 357 293 22
8 Garhi Dupatta 154 141 9 92 96 -4 87 114 -24 333 351 -5 
9 Kotli 70 81 -13 29 54 -46 79 82 -4 178 217 -18
10 Parachinar 86 92 -7 15 63 -76 19 41 -54 120 196 -39
11 Chitral 92 89 3 42 45 -7 9 5 80 143 139 -3
12 Dir 192 168 14 78 88 -11 28 51 -45 298 307 -3
13 Drosh 114 116 -2 75 68 10 23 14 64 212 198 7
14 Saidu Sharif 135 100 35 73 65 12 106 41 159 314 206 52 
15 Kakul 119 112 6 90 82 10 121 85 42 330 279 18
16 Balakot 147 134 10 90 77 17 135 98 38 372 309 20
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17 Kohat  
    

   
  

   
             

             
   
   

    
              
              
              
              
              
              
              
              
              
              
              
              
              

85 56 52 13 35 -63 55 20 175 153 111 38
18 Peshawar 129 49 163 23 27 -15 10 8 25 162 84 93
19 Risalpur 67 47 43 20 26 -23 6 18 -67 93 91 2
20 Cherat 67 71 -6 28 35 -20 3 18 -83 98 124 -21
21 D.I.Khan 14 22 -36 2 17 -88 0 14 -100 16 53 -70
22 Chaklala 19 62 -69 15 39 -61 63 62 2 97 163 -40
23 Murree 120 133 -10 34 92 -63 100 130 -23 254 355 -28
24 Jhelum 15 37 -59 8 32 -75 82 52 58 105 121 -13
25 Sialkot 19 31 -39 7 28 -75 65 70 -7 91 129 -29
26 Mianwali 22 30 -27 18 22 -18 17 25 -32 57 77 -26
27 Sargodha 2 29 -93 23 21 9 18 23 -22 43 73 -41
28 Faisalabad 2 -88 3 16 -81 10 28 -64 15 61 -75
29 Shorekot 0 9 -100 1 11 -91 32 23 39 33 43 -23
30 Lahore (P.B.O) 2 20 -90 18 22 -18 41 36 14 61 78 -22
31 Lahore (A/P) 3 19 -84 26 24 8 72 33 118 101 76 33
32 Multan 3 13 -77 0 10 -100 0 12 -100 3 35 -91
33 Bahawalpur 1 7 -86 5 6 -17 37 17 118 43 30 43
34 Bahawalnagar 1 9 -89 0 4 -100 20 15 33 21 28 -25
35 Khanpur 0 3 -100 1 5 -80 13 3 333 14 11 27
36 Quetta 3 28 -89 30 6 400 0 1 -100 33 35 -6
37 Dalbandin 0 8 -100 0 2 -100 0 1 -100 0 11 -100
38 Nokkundi 0 4 -100 0 0 0 0 0 0 0 4 -100
39 Zhob 12 30 -60 0 15 -100 1 11 -91 13 56 -77

17
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40              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              

              

Barkhan 7 29 -76 37 17 118 89 31 187 133 77 73
41 Sibbi 0 15 -100 11 2 450 2 6 -67 13 23 -43
42 Kalat 0 7 -100 0 2 -100 0 1 -100 0 10 -100
43 Khuzdar 13 11 18 3 14 -79 0 12 -100 16 37 -57
44 Panjgur 0 7 -100 0 3 -100 0 3 -100 0 13 -100
45 Pasni 22 4 450 0 0 0 0 0 0 22 4 450
46 Jiwani 0 6 -100 0 0 0 0 1 -100 0 7 -100
47 Moenjodaro 0 1 -100 0 0 0 0 0 0 0 1 -100
48 Jacobabad 0 2 -100 0 2 -100 0 5 -100 0 9 -100
49 Rohri 0 1 -100 0 4 -100 0 4 -100 0 9 -100
50 Nawabshah 0 3 -100 0 1 -100 2 8 -75 2 12 -83
51 Padidan 0 2 -100 0 1 -100 0 3 -100 0 6 -100
52 Hyderabad 0 6 -100 0 3 -100 13 14 -7 13 23 -43
53 Badin 0 3 -100 0 1 -100 21 11 91 21 15 40
54 Chhor 0 3 -100 0 3 -100 1 20 -95 1 26 -96
55 Karachi

(A/P) 0 4 -100 0 0 0 16 5 220 16 9 78

56 Karachi
(Masroor) 0 5 -100 0 0 0 02 4 -50 2 9 -78
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Table 2: 
Detail of weather systems during April 2003 

S.No System Period Place of the first 
location 

Direction of 
Movement 

Place of final 
location Remarks 

(1) (2) (3) (4) (5) (6) (7) 
1 Low pressure 1- 2 Southeast Sindh 

and adjoining 
areas 

Stationary Southeast 
Sindh and 
adj. areas 

Became less- 
marked on 3 

2 Do 8- 9 South Punjab 
and adj. areas 

North/North-
Eastwards 

North Punjab 
 

Became  less 
marked on 10 

3 Do 10-13 Balochistan Northwards North 
Balochistan 

Became less- 
marked on 14 

4 Do 18-20 Upper North 
West Frontier 
Province   and 
adjoining areas 
 

Eastwards Kashmir and 
adj. areas 

Moved away 
Eastwards on 21 

5 Low pressure  
associated with 
a trough upto 
mid-tropo-   
sheric level 

1-3 Southeast Iran 
and adjoining 
areas 
 

Eastwards South Punjab 
and adjoining 
areas 

Moved away East 
/Northeastwards 
on 4 

6 Do 14-16 Do 
 

Do Balochistan Became less-
marked on 17 

7 Do 23-28 Balochistan and 
adjoining areas 
 

Northeast- 
wards 

Kashmir and 
adjoining 
areas 

Moved away 
Northeastwards on 
29 

c. Temperature Distribution: 
Severe heat wave conditions prevailed on 1 day in Sibbi 
division.  Heat wave conditions prevailed on 10 days in Sibbi 
division, on 5 days each in Hyderabad and Mirpurkhas divisions. 
Hot day conditions prevailed on 1–2 days in Lahore, Faisalabad, 
Multan, Quetta, Sukkur and Karachi divisions, on 1–2 days in 
FATA, Zhob, Sibbi and Mekran divisions.  They were 
appreciably to markedly above normal on 11–13 days in Sukkur, 
Mekran and Karachi divisions, on 8–10 days in Peshawar, 
Rawalpindi, Faisalabad, Bahawalpur, Zhob and Quetta divisions, 
on 4–6 days in FATA, Malakand, Hazara, Lahore, Gujranwala, 
Multan and Larkana divisions.  They were appreciably to 
markedly below normal on 3–5 days in Malakand, Hazara, 
FATA, Peshawar, Rawalpindi, Lahore, Bahawalpur and 
Hyderabad divisions, on 1–2 days in Gujranwala, Faisalabad, 
Zhob, Quetta, Sibbi, Mekran and Karachi divisions.  They were 
considerably below normal on 1 day in Malakand division.  
During the month, the highest maximum temperature in plains of 
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the country was 48.5° C recorded at Nawabshah (Sukkur 
division) on 30 April 2003. 

Night temperatures were appreciably to markedly below normal 
on 13 days in Rawalpindi division, on 3 – 5 days in FATA, 
Hazara, Peshawar, Faisalabad, Bahawalpur, Gujranwala, Sibbi 
and Sukkur divisions, on 1 – 2 days in Multan and Mirpurkhas 
divisions.  They were appreciably to markedly above normal on 
18 days in Lahore division, on 11 – 14 days in Mekran and 
Sukkur divisions, on 4 – 7 days in Rawalpindi, Faisalabad, 
Multan, Bahawalpur, Sibbi, Larkana, Mirpurkhas and Hyderabad 
divisions, on 1 – 3 day in Peshawar, Gujranwala, Quetta and 
Karachi divisions.  During the month, the lowest minimum 
temperature in plains of the country was 9.0° C recorded at 
Islamabad (Rawalpindi division) on 5 April 2003. 

d. Disastrous weather events and associated damages: 
 No such major report appeared in the national press during this 
month.  

2. May: 
a. Weather and associated synoptic features:- 

Details of weather systems formed during the month are given in 
Table 3. Rain/thundershowers with a few dust storms in plains 
occurred almost at all the places on 7–10 days in Malakand and 
Hazara divisions, on 1–3 days in FATA, Bannu, Kohat, 
Peshawar, Rawalpindi, Gujranwala, Sargodha, Lahore, Zhob and 
Sibbi divisions.  Rain/thunderstorms with duststorms in plains 
also occurred  at a few places on 5–8 days in FATA, Malakand, 
Rawalpindi and Kalat divisions, on 1–3 days in Hazara, Kohat, 
Peshawar, D.I.Khan, Gujranwala, Faisalabad, D.G.Khan, 
Bahawalpur, Quetta, Zhob, Sibbi and Mekran divisions. 

b. Rainfall (mm) distribution: 
The rainfall was in large excess in 10 meteorological observing 
stations (Gupis, Gilgit, Skardu, Bunji, Chilas, Astor, 
Muzaffarabad, Quetta, Barkhan and Sibbi); slight excess in 2 
meteorological observing stations (Saidu Sharif and Balakot); 
normal in 12 meteorological observing stations (Garhi Dupatta, 
Chitral, Drosh, Kakul, Sargodha, Lahore(Air port), Nokkundi, 
Pasni, Jiwani, Moenjodaro, Karachi(Air port) and 
Karachi(Masroor); slight deficit in 7 meteorological observing 
stations ( Dir, Peshawar, Risalpur,  
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Cherat, Mianwali, Lahore(PBO) and Bahawalpur; moderate 
deficit in 1  meteorological observing station (Kotli) and in large 
deficit in 24 meteorological observing stations (Parachinar, 
Kohat, D.I.Khan, Chaklala, Murree, Jhelum, Sialkot, Faisalabad, 
Shorekot, Multan, Bahawalpur, Khanpur, Dalbandin, Zhob, 
Kalat, Khuzdar, Panjgur, Jacobabad, Rohri, Nawabshah, 
Padidan, Hyderabad, Badin and Chhor. 

c. Temperature distribution: 
Heat wave conditions prevailed on 10 days in Sukkur division, 
on 1–3 days in Sargodha, Multan, Faisalabad, Bahawalpur, 
Sibbi, Larkana and Mirpurkhas divisions. Hot day conditions 
prevailed on 2–4 days in Lahore and Quetta divisions.  Day 
temperatures were appreciably to markedly above normal on 3 – 
4 days in Malakand, Rawalpindi, Mekran and Karachi divisions.  
They were appreciably to markedly below normal on 7–9 days in 
Peshawar, Rawalpindi, Multan and Zhob divisions, on 4–6 days 
in FATA, Hazara, Malakand, Gujranwala, Lahore, Bahawalpur, 
Quetta, Sukkur and Hyderabad divisions, on 2–3 days in Sibbi, 
Mekran and Larkana divisions. They were considerably below 
normal on 1–2 days in Malakand, Hazara, D.I.Khan, Rawalpindi, 
Lahore, Faisalabad, Quetta, Sibbi and Mekran divisions.  During 
the month, the highest maximum temperature in plains of the 
country was 49.2°C recorded at Jacobabad (Larkana division) on 
20 May 2003. 

d. Disastrous weather events and damages: 
No such major report appeared in the national press during this 
month. 
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Table 3: Details of the weather system during May 2003 
S. 
No 

System Period Place of first 
location 

Direction of 
movement 

Place of final 
location 

Remarks 

(1) (2) (3) (4) (5) (6) (7) 
1 Low pressure 4-5 South Punjab 

and adjoining 
areas 

Stationary South Punjab 
and adj. areas 

Became less- 
marked on 6 

2 Do 9-11 NWFP & 
adjoining 
Punjab 

Eastwards Kashmir and 
adjoining 
areas 

Moved away 
Eastwards on 
12 

3 Do 11-12 South Punjab 
& adjoining 
areas 

Southeastwar
ds 

North 
Rajasthan 
(India) 

Moved away 
Southeast-
wards on 13 

4 
 

Trough of 
low 

12-14 Upper NWFP 
& adj. areas 

Eastwards Kashmir and 
adj. 
areas 

Moved away 
Eastwards on 
15 

5 Low pressure 17-21 Northeast 
Balochistan 
& adj. areas 

Stationary Northeast 
Balochistan 
& adj. areas 

Became less-
marked on 22 

6 Do 29-31 Baluchistan 
& 
Adjoining 
areas 

Northeastwar
ds 
 

North Punjab 
& adj. areas  

Moved away 
Northeastwar
ds on 1 June 

7 Low pressure  
associated 
with an upper 
air trough 
extending 
upto mid-
tropospheric 
level 

1-3 North Punjab 
and adjoining 
areas 

Northeastwar
ds 

Kashmir and 
adjoining 
areas 

Moved away 
Northeast-
wards on 4 

8 Low pressure  
associated 
with an upper 
air trough 
extending 
upto mid-
tropospheric 
level 

22-25 Northeast 
Afghanistan 
and adjoining 
areas 

Eastwards Kashmir and 
adjoining 
areas 

Moved away 
Eastwards on 
26 

9 Do 26-28 Upper NWFP 
and adjoining 
areas 

Do Do Moved away 
Eastwards on 
29 
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2. June 
a. Weather and associated synoptic features 
Details of weather systems formed during the month are given in 
Table 4. Rain/thundershowers with a few duststorms in plains 
occurred almost at all the places on 8–10 days in Hazara and 
Gujranwala divisions, on 4–6 days in FATA, Malakand, Kohat, 
Rawalpindi, Lahore and Zhob divisions, on 1 – 2 days in Peshawar, 
Sargodha, Faisalabad, D.G.Khan, Bahawalpur, Hyderabad and 
Karachi divisions. Rain/thunderstorms with duststorms in plains also 
occurred at a few places on 6–9 days in FATA, Malakand and 
Rawalpindi divisions, on 1–3 days in Hazara, Kohat, Gujranwala, 
Sargodha, Faisalabad, Lahore, Bahawalpur, Zhob, Sibbi, Kalat, 
Sukkur, Hyderabad and Mirpurkhas divisions. 

b. Rainfall distribution: 
The rainfall was in large excess in 12 meteorological observing 
stations (Gupis, Chitral, Drosh, Saidu Sharif, Kohat, Jhelum, Lahore 
(air port), Bahawalnagar, Khanpur, Barkhan, Badin and Karachi (air 
port ); moderate excess in 5 meteorological observing stations 
(Bunji, Kakul, Balakot, Shorekot and Bahawalnagar); slight excess 
in 3 meteorological observing stations (Gilgit, Peshawar and Lahore 
(PBO); normal in 8 meteorological observing stations 
(Muzaffarabad, Kotli, Chaklala, Sialkot, Nokkundi, Pasni, 
Moenjodaro and Hyderabad); slight deficit in 4 meteorological 
observing stations ( Astor, Garhi Dupatta, Murree and Sargodha); 
moderate deficit in 4 meteorological observing stations (Chilas, Dir, 
Mianwali and Karachi (Masroor ) and in large deficit in 20 
meteorological observing stations (Skardu, Parachinar, Risalpur, 
Cherat, D.I.Khan, Faisalabad, Multan, Quetta, Dalbandin, Zhob, 
Sibbi, Kalat, Khuzdar, Panjgur, Jiwani, Jacobabad,  Rohri, 
Nawabshah, Padidan and Chhor. 

c. Temperature distribution: 
Severe heat wave conditions prevailed on 1 day in Sibbi division.  
Heat wave conditions prevailed on 9–12 days in Sukkur and Larkana 
divisions, on 5–6 days in Faisalabad, Sibbi and Peshawar divisions, 
on 1–3 days in Hyderabad, Gujranwala, Lahore, Multan, 
Bahawalpur, Sargodha and Zhob divisions. Hot day conditions 
prevailed on 3–4 days in Quetta and Mekran divisions, on 1 day in 
Rawalpindi division.  Day temperatures were appreciably to 
markedly above normal on 8–11 days in Malakand and Rawalpindi 
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divisions, on 5–6 days in FATA, Quetta and Mekran divisions, on 1 
day in Hazara division. They were appreciably to markedly below 
normal on 9 days in Rawalpindi and Lahore divisions, on 4–6 days in 
Hazara, Peshawar and Gujranwala divisions, on 1–3 days in FATA, 
Malakand, Sargodha, Faisalabad, Multan, Bahawalpur, Quetta, Sibbi, 
Sukkur, Larkana and Hyderabad divisions.  They were considerably 
below normal on 1 day each in Lahore and Bahawalpur divisions. 
During the month, the highest maximum temperature in plains of the 
country was 52.6C° recorded at Sibbi (Sibbi division) on 5 June 
2003. 

d. Disastrous weather events and damages: 
According to press reports twin cities of Islamabad & Rawalpindi 
experienced a severe dust storm on 17 June 2003 and Lahore on 29 
June 2003. Dust storms caused heavy loss of property in these areas. 
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Table 4: Details of weather system during June 2003 
S.No System Period Place of first location Direction of 

movement 
Place of final 

location 
Remarks 

(1)       (2) (3) (4) (5) (6) (7)
1 Low pressure  2-4 Northeast Balochistan 

and adjoining areas 
Northeastwards North Punjab and 

adjoining areas 
Became less-
marked on 5 

2 Do 6-9 North Punjab  and 
adjoining areas 

Eastwards  

    

   

      

       

Do Moved away
East-wards on 
10 

3 Do 17-19 Saurashtra & Kutch 
(India) & adj. areas 

North/North-
westwards 

Southeast Sindh 
and adjoining
areas 

 
Became less- 
marked on 20 

4 Low pressure 
associated 
with an upper 
air trough 
extends upto 
mid troposph-
eric level 

 

9-12 Upper NWFP and 
adjoining Kashmir 

Eastwards Kashmir and
adjoining areas 

 Moved away 
Eastwards on 13 

5 Do 17-18 NWFP and adjoining 
areas 

Do Do Moved away
East-wards on 
19 

6 Low pressure 19-24 Do Do Do Became less-
marked on 25 

7 Do 27-29 Do Do Do Moved away
East-wards on 
30 
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Table 5: Principal amounts of rainfall (30 mm and above) 
   Date April May June 

(1)    (2) (3) (4)

1 Nil Malam Jabba 32 Nil 
2 Nil Astor 68, Chilas 68, Bunji 56, Skardu 54, 

Muzaffarabad 42, Kalam 40 & Gilgit 31 
Nil 

3 Peshawar 31 Bunji 46, Gilgit 45, Kakul 44, Skardu 41, 
Chilas 41, Gupis 40 & Balakot 36 

 

Nil 

4   
    
    
    
    

    
    

    

    
  

   

Nil Nil Nil
5 Nil Nil Nil
6 Nil Nil Nil
7 Nil Nil Nil
8 Nil Nil Nil
9 Nil Nil Kotli 36, Saidu Sharif 35 & Malam Jabba 

30 
10 Nil Nil Nil
11 Nil Nil Nil
12 Nil Nil Kakul 39 & Garhi Dupatta 33 
13 Nil Nil Nil
14 Garhi Dupatta 32 Nil Nil 
15 Nil Nil Nil
16 Balakot 57, Kalam 48, Dir 48, 

Murree 39, Peshawar 38, Garhi 
Dupatta 36, Malam Jabba 36, 
Muzaffar-abad 35 & Kakul 34 

 

Nil Nil

17 Nil Nil Nil
18 Kamra 60 Nil Gupis 37, Bahawalpur 37 & Rahim Yar 

Khan 37 
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Date April May June 
(1) (2) (3) (4) 

  19 Malam Jabba 78, Dir 67, Saidu 
Sharif 50, Kalam 50, Chitral 38, 
Parachinar 32 & Muzaffarabad 
31 

Nil Nil

20   

   
    
    
    

    

    
    

Peshawar 55, Kohat 40, 
Risalpur 39, Kakul 38, Balakot 
36 & Cherat 32 

 

Nil Nil

21 Nil Nil Nil
22 Nil Nil Nil
23 Nil Nil Nil
24 Nil Nil Barkhan 37
25 Drosh 45 & Chitral 31 Barkhan 36 Nil 
26 Kalam 54 Malam Jabba 30 Mandi Bahauddin 62 
27 Nil Nil Balakot 54
28 Nil Muzaffarabad 31 Islamabad 30 & Jhelum 30 
29 Nil Nil Mandi Bahauddin 40 
30 Nil Nil Nil
31 Nil Nil Nil
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Appendix 
Definition of the terms given in ‘Italics’ 

Rainfall Temperature 
Large 
excess 

Percentage departure from normal rainfall 
is +51% or more. 

Moderate 
excess 

Percentage departure from normal rainfall 
is +26% to +50%. 

Slight 
excess 

Percentage departure from normal rainfall 
is +11% to +25%. 

Severe Heat 
Wave 

Departure of maximum 
temperature from normal is +8°C 
or more for the regions where 
normal max temperature is more 
than 40°C declared only when the 
max temperature of a station 
reaches at least 40°C for plains  
and at least 35°C for Hilly 
regions. 

Normal Percentage departure from normal rainfall 
is -10% to +10%. 

Slight 
deficit 

Percentage departure from normal rainfall 
is -11% to -25%. 

Heat Wave 
Conditions 
(appreciable + 
moderate) 

Departure of max temperature 
from normal is between +4°C to 
+7°C where the normal max 
temperature is more than 40°C. 

Moderate 
deficit 

Percentage departure from normal rainfall 
is -26% to -50%. 

Large 
deficit 

Percentage departure from normal rainfall 
is -51% or less. 

Hot Dry 
Conditions 

Whenever the max temperature 
remains 40°C or more and 
minimum remains 5°C or more 
above normal, provided, it is not 
satisfying the heat wave criteria. 

Almost at 
all places 

66% or more stations of a meteorological 
division reporting at least 2.5 mm rainfall. 

Markedly 
above normal 

Departure of max Temperature 
from normal is between +6° C to 
+7° C. 

At a 
number of 
places 

33 % to 66 % stations of a meteorological 
division reporting at least 2.5 mm rainfall. 

Appreciably 
above normal 

Departure of max temperature 
from above normal is between 
+4° C to +5° C. 

At a few 
places 

33 % or less stations of a meteorological 
division reporting at least 2.5 mm rainfall. 

Appreciably 
Below 
Normal 

Departure of max temperature 
from below normal is between -
4° C to -5° C. 

Isolated 
places 

One or two stations of a meteorological 
division. 

Markedly 
Below 
Normal 

Departure of max temperature 
from normal is between - 6° C to 
-7° C. 

Heavy 
rainfall 

rainfall amount is from 44.5 mm to 88.9 
mm in 24 hour 

Considerably 
Below 
Normal 

Departure of max temperature 
from normal is -8° C or less. 

Very 
heavy 
rainfall 

Rainfall amount is 89.0 mm or more in 24 
hours. 
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