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Editorial
Dear Readers!
It has been a long desire on our part to bring out a
magazine which would serve as a medium for the publication of
the original scientific work in the field of Meteorology and other
related sciences. With the grace of Allah our dream has been
transformed into a reality and the first issue of the “Pakistan
Journal of Meteorology” is now in your hands. We have tried to
maintain a particular standard of this publication so that the
articles published in the journal may be treated as high level
scientific / research papers of both national and international
standards.
We would request our scientists / meteorologists, especially
the younger ones to avail this golden opportunity and contribute
their research papers or articles in the “Pakistan Journal of
Meteorology”. However, the views expressed in the papers will be
treated as views of the authors and the Editorial Board will not
be held responsible in this regard.
Your valuable suggestion and views are also welcome to
enable us to make further improvements in the journal.

Editor.
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ON THE 1994 INDIAN MONSOON RAINFALL
ANOMALY
By Hazrat Mir

Abstract:
In this study effort has been made to examine the diabetic heating anomaly for
June to August during 1994. Moisture flux associated with southwesterly winds,
that cause the west coast of India from the Arabian Sea, low level wind & relative
vorticity field for the day 9th, 11th, 12th, 13th July, and vertical wind velocity at 500
hPa for 13th July. The fact that the rainfall associates with just one event during
1994 monsoon contributed in the order of one standard deviation of rainfall, and
this event was quite poorly predicted long range statistical forecast models have
been developed to predict Indian rainfall on the basis of large scale indices of the
atmospheric circulations in the preceding month.
However, one event (Monsoon low/depression) that would appear difficult to have
been predicted so far ahead, has been identified, which appears to account for
about 7.5% out of the observed 12% rainfall excess of 1994.
The result must be that the rainfall anomaly of the 1994 Indian summer monsoon
was not predictable prior to the monsoon onset.

Introduction:
Indian Monsoon rainfall, that occurs during June to September, is critical for the
agriculturally dominated Indian economy. Although the standard deviation of allIndia rainfall is only 9.7% based on data for the last 124 years (see also
Parthasarathy et al. 1990, Parthasarathy and Mooley, 1978), regional variations
within India and pressures of increasing populations mean that rainfall
deficiencies, when they do occur, can lead to serious consequences. Long-range
statistical forecast models have been developed to predict Indian rainfall on the
basis of large-scale indices of the atmospheric circulation in the preceding months
– such as the Southern Oscillation Index. However one event, that would appear
difficult to have been forecast so far ahead, has been identified which appears to
account for about 7.5% out of the observed +12% rainfall excess of 1994.

5

Pakistan Journal of Meteorology

vol. 1 Issue:1 (Jan – March 2004)

Analysis of the 1994 monsoon:
The seasonal mean June-August column mean diabetic heating calculated from
five years of ECMWF analyses (1990-94) is given in figure 1a. This heating
comprises all diabetic processes such as latent heat release, sensible heating and
radiation effects but is generally dominated by the latent heating and is thus can be
used as a good estimate of precipitation. The zonal mean rainfall of the ITCZ is
clearly evident north of the Equator at this time and within this, one can see the
major rainfall regions of Central America and the southern Asia. 325 WM-2 over
the North Bay of Bengal corresponds to about 11 mm day-1, or perhaps a little
more if one includes the effects of radioactive cooling. Elsewhere, one can see the
radioactive cooling regions of the sub-tropical anticyclones. Figure 1b shows the
diabetic heating anomaly for June to August during 1994. In terms of the Asian
monsoon, this year was quite unusual with persistent rainfall overrun over the
equatorial Indian Ocean. This is clear from infrared satellite pictures (not shown)
and also in the anomaly diabetic heating. The diabetic heating anomaly field
indicates that much of the 12% excess rainfall over India occurred in northwest
India with, if anything, reduced rainfall over the southern peninsular. Bi-weekly
mean column mean diabetic heating pictures for 1994, of which the mean for the
first half of July is given in Figure 1c, show that the increased rainfall over
northwest India occurred during July. Indeed, the excess diabetic heating over
northwest India during July accounts for almost exactly the seasonal mean
anomaly shown in figure 1b.
Figure 2 shows the daily percentage of normal all-India rainfall calculated
operationally by the Indian Meteorological Department. The thicker line shows the
seven-day running mean of the daily data. During July, one particularly strong
peak in rainfall can be seen around 13 July during which the rainfall averaged over
the whole country was more than 120% above normal. During July, the Indian
monsoon is typically at its peak intensity. However, during July 1994, the
monsoon was even more intense than normal, with the seven day running mean
rainfall curve barely ever dropping below the 100% level.
Much of the monsoon precipitation is due to strong moisture fluxes associated with
southwesterly winds that cross the west coast of India from the Arabian Sea (see
for example Cadet and Reverdin 1981). Fig 3 shows the westerly moisture fluxes
at 887 hPa which cross the 70°E meridian. From 9 July, this zonal moisture flux
increases and the latitude of maximum flux moves south until 12 July. This
increasing flux appears to be followed by the increase in Indian rainfall, which
starts to intensify from about 10 or 11 July. The peak moisture flux seen on 13 July
agrees well with the maximum in Indian rainfall intensity. After 13 or 14 July,
both moisture flux and rainfall decrease.

6

Pakistan Journal of Meteorology

vol. 1 Issue:1 (Jan – March 2004)

Figure 4 shows the low-level winds and relative vorticity field for the days 9, 11,
12, and 13 July. The increasing moisture fluxes at this time are more attributable to
the increasing westerly winds than to changes in the low-level specific humidity
field. These strengthening winds initially appear to be related to the depression
seen over Pakistan 9n 9 July and this is confirmed by the fact that the maximum
moisture fluxes on 9 July occur at about 21°N in figure 3. This depression weakens
over the next couple of days, and the strengthening winds, whose latitude of
maximum intensity moves south, appear to be increasingly related to the other
depression over the North Bay of Bengal. By 12 July a depression begins to
develop over northwestern India and this reaches full intensity by 13 July. The
depression retains this intensity for about three days as it slowly tracks northwest
towards Pakistan. Here it finally begins to decay.
Figure 5 shows the vertical wind velocity at 500 hPa for 13 July. There is strong
ascent associated with the depression over northwestern India. If one assumes that
adiabatic cooling due to ascent balances diabatic warming, Rodwell and Hoskins
(1995), then an estimate of rainfall can be made. Over the three days of maximum
intensity, the precipitation accounts for perhaps 7.5% of the total monsoon rainfall
for the season. This is significant for seasonal forecasting of monsoon rainfall
because the standard deviation of total rainfall is only itself about 9%. The
moisture flux across the west coast of India was seen to start increasing about four
days before the event, reaching its peak intensity simultaneously with that of the
depression. Moisture fluxes across the west coast of India are essential for
monsoon rainfall and fluctuations in moisture flux appear to be more related to
fluctuations in the wind speed than to the humidity field. However, admittedly
based only on the low-level wind fields, the three days forecast from the ECMWF,
and even the one day forecast, appear to have failed to predict the strength of the
westerly flow. Indeed, peak moisture fluxes in these forecasts, based on the
observed humidity field, would have been about half what they actually were. In
addition, the low-level wind fields for the forecasts show very little convergence in
the region of the actual depression and, consistent with this, the vertical motion
field would have been much weaker than actually observed.
The fact that the rainfall associated with just one event during the 1994 monsoon
contributed in the order of one standard deviation of rainfall, and this event was
quite poorly predicted even in a one day forecast would appear to suggest that
GCMs forced with observed sea-surface temperatures would have had difficulty
predicting even the sign of the monsoon rainfall abnormally one season in
advance.
Long range statistical forecast models work on the assumption that indices of the
large-scale atmospheric circulation set the overall conditions which determine, for
7
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example, the expected number of monsoon lows and depressions that will form
and thus the total rainfall. However, the fact that such a short range GCM forecast
could not predict the scale of this event based on the atmospheric conditions only a
few days in advance may also imply that statistical models would have had
difficulty making an accurate prediction of the seasonal rainfall total.
The conclusion must be that the rainfall anomaly of the 1994 Indian summer
monsoon was not predictable prior to the monsoon onset.
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TIBETAN PLATEAU AND MECHANISM FOR
INDO-PAK MONSOONS’ EVOLUTION
By M. Akram Anjum

Abstract:
The Tibetan Plateau is an enormous block, more than 4500 m above sea
level, with a length of 2000 km and a width of 600 km in the west and 100
km in the East. Due to its topography the Plateau serves as a “high level
heat source” to control the summer monsoon. This was dramatically
simulated in the numerical experiment of Manabe et al (1974). Today, the
Tibetan Plateau ringed by the Himalayas drives the monsoon winds that
govern the continents climate. In summer, the Plateau acts as a burrier on an
over sticking halfway up into the atmosphere. In winter the case is reverse
and the plateau acts like a giant ice cube, cools the perched air above, which
rushes down of the Plateau toward the Indian Ocean.

Third Pole of the Globe:
Sitting on the Qinghai-Tibetan Plateau, Tibet owns 11 of the world's tallest
mountain peaks that are above 8,000 meters above sea level. The world's summit,
Himalaya, which strides across the boarders between China and Nepal, claims a
height of 8,848.13 meters above sea level. Thus, It is also called "the Third Pole
of the Globe".
This 3rd Pole of the Globe has unique climate because of its altitude:Thin air, 60-70% that of the sea level;
Less Oxygen, 35-40% less than that of sea level;
Lower air pressure, only half that of sea level.

High- Level Heat source:
Tibetan Plateau also acts as “high-level heat sources” to control the summer
monsoon. This was dramatically simulated in the numerical experiment of Manabe
et al (1974) which uses the GFDL(Geophysical Fluid Dynamics) model with
topography.
July temperature distribution along the 32º N line of latitude, which cuts across this
huge, mid-troposphere plateau. Above 5000 m (500 hPa), the air temperature near
Tibet is significantly higher than the zonal mean temperature. Flohn shown that the
heat budget of Pamir (Tibet) is comparable to that of the low-level Karakum
desert. In the summer the radiation excess makes the snow free Tibetan Plateau a
huge effective source. According to the MONEX study, this heat source is an
13
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underestimate by approximately 22 percent, because of extra heating by
condensation during the summer monsoon.

Beginning in the early June, the air temperature above and around “Tibet”
rises because of the influences of long-wave radiative heat, convection and
sensible and latent heat transfer. A warm high pressure forms in the upper
troposphere and lower stratosphere. This large-pressure forms in the upper
troposphere. This high-pressure system covers an area extending from
Japan to west Africa and explain the equatorial easterly jet that is observed
in this area during the monsoon season. Along this pressure a current flows
towards the equator, sinking over the Indian Ocean. This currents in the
lower troposphere, joins the northern invasion of the Southern Hemisphere
Hadley cell and returns northward as the south-westerlies, then temperature
raises at mid and northern India. This unique local circulation system in the
Indian summer monsoon releasing latent heat which contributes to
maintenance of the Tibetan High warm core by Yeh and Chang . The
monsoon meridional circulation involved here is the unique summer
circulation system formed by the warming of the Tibetan Plateau and the
expansion of the Southern Hemisphere Hadley cell.

Large-Scale Topography and Winter- Summer Monsoons:
Series of GCM (General Circulation Model) numerical experiments had
confirmed that, in conjunction with the land-sea temperature difference,
large-scale topography is absolutely necessary to produce monsoon. The
Siberian High the source region of the Northern Hemisphere it is conceived
that radiative cooling and heat conduction from the earth cooling the
atmosphere and dense cold air accumulate to form the Siberian High.
However, in earlier numerical experiments performed the cold air mass
formed never developed into a large high pressure system, when
experiments ignored the existence of Tibetan Plateau (Himalaya mountain
range).
The early GFDL (Geophysical Fluid Dynamics Laboratory) numerical models had
neither topographer and land-sea contrast, and only the transient eddies were
observed (smagorinsky, 1963). The Siberian high was first successfully formed in
the experiment at UCLA (University of California Los Angeles) that incorporated
the effects of both the land-sea (in terms of heat capacity) and the mountain (in
terms of surface height). Later, Manabe and Terpestar of GFDL 1974 also
confirmed that the Tibetan Plateue is responsible for the location
14
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Identification and maintenance of the lower stratospheric “Anticyclone” over the
Eurasian continent that is needed to form the summer monsoon.
The existence of the Himalayas, and in general the Tibetan Plateau, is crucial in the
formation and maintenance of the Siberian High.
This is a massive barrier to the flow of the general circulation and works as a wall
to support the formation of the cold air mass by preventing the heat exchange with
the warmer section.
The Eddy exchange between the cold and warmer air masses of the Indian Ocean
would prevent the formation of the Siberian High if it were not for the mechanical
blocking effect of this Plateau. It allows cold air mass to remain over the Eurasian
content long enough to form the Siberian High.
The radiation cooling and Tibetan Plateau are two essential factors that form the
winter Asian Monsoon.
In addition to acting and mechanical barrier to aid in the formation of the winter
monsoon.
The Tibetan Plateau induced Tibetan High in the summer is therefore an important
key to the summer Asian monsoon formation in Fig(1). It is well known that the
strength of Tibetan High is significantly correlated with local precipitation patterns
in Indian and other areas of the Asia. The exposure of the Tibetan Plateau is
affected by the amount of snowfall in the winter. The size of Tibetan High
determines the general area of descending and ascending, thus also the latitudinal
position of the monsoon trough.
This relationship between the monsoon system (both winter and summer) and the
Tibetan Plateau illustrates the scale of the monsoon and its significance in the
entire dynamic system of the general circulation.

The history of the monsoon that brings life-giving rains to much of Asia in
the summer, and dry, cool winds in the winter, is an uplifting one. New
research links the evolution of this massive climate system with the growth
of the Himalayas and the high, dry Tibetan plateau.
Today, the Tibetan plateau ringed by the Himalayas drives the monsoon
winds that govern the continent's climate.
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In the summer, "the plateau is like a burner on an oven sticking halfway
up into the atmosphere". Warmed, the column of air above the plateau rises
up, drawing in warm, wet air from the Indian Ocean and bringing with it the
summer monsoon rains.
In the winter, the reverse is true. The plateau, acting like a giant ice cube,
cools the parched air above, which rushes down off the plateau towards the
Indian Ocean.

Rise In Tibetan Plateaus’ Altitude, Weakening the Monsoon
Rains Over Pakistan and Northern India:
Until the plateau formed, the new study suggests, Asia's weather was far
less diverse. It was probably uniformly warm and wet in the south,
gradually changing to cool, dry climes in the north.
This reconstruction of the natural history of the monsoon is compelling, agrees
Peter Molnar, a geologist at the University of Colorado at Boulder who studies the
Tibetan plateau. It is the first to draw all the evidence together, he says. "But the
whole thing could fall apart," Molnar cautions,, because, although something led to
the formation of the monsoon 8–10 million years ago, the geological data on the
uplift of the Tibetan plateau are very few and far between.
16
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There are models of tectonic movement to account for the plateau's rise. But the
only hard geological evidence for exact phases of its growth "is based on dating
just one fault", says Molnar.
Tibet as a whole inferred to have risen significantly above its current altitude (~
5000 m).(Review GEOLOGY Science vol 294 23 November 2001)
It has been observed that Tibetan High which usually formed from the past, during
summer Monsoon Season has become less marked at 500 hPa. Periphery of this
High is not reaching to Pakistan areas through Northern India. Therefore, the
monsoon depressions formed in the Bay of Bengal usually do not move
continuously to westwards due to unavailability of steering effect of Tibetan High.
Penetration of low level moist easterly current along the foot of Himalayas into

upper parts of the country especially, in North-East Punjab has weakened also.
See monthly height charts of 500 hPa for the years,1984,1985 when Tibetan High
was marked and received good Monsoon Rains Where as, the height charts for the
years 1999,2000,2001 and 2002, when Tibetan High was less marked and IndoPak region experienced less Monsoon Rains.
What could have been the reason of such change in the weakening of Monsoon
Rains from the past? Probably, this change in the Tibetan Plateaus’ growth, the
17
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Tibetan High (warm high) forming in somewhat more height and not drawing
sufficient warm moist air from Indian Ocean, playing a part in weakening the
“Monsoon Rains”
The researchers checked their interpretation by feeding the Tibetan plateau's
growth into a climate model of the monsoon. Working back from the present day,
they found that the monsoon weakened in a similar way to that implied by the
sediment data. "It goes away as you take the mountains away," says Kutzbach.
Researchers agree with the Tibetan Plateaus’ growth that the geological data is
limited, largely because so little research is done in the Tibetan plateau. But we
believe that, because there is no compelling evidence for another mechanism for
the monsoon's evolution, researchers work will stand the test of time. "There are
differences in the details, "but the idea is rock solid."
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THE INFLUENCE OF LA-NINA PHENOMENA ON
PAKISTAN’S PRECIPITATION
By Azmat Hayat Khan

Abstract:
Pakistan has a long latitudinal extent, and the rainfall variability during different
seasons is considerably high. Pakistan experience bi-model rainfall behavior
termed as Monsoon rains and winter rains. Winter rains are normally confined to
above 30° Latitude. In some years, winter rains fail and pose serious threat to
hydro-meteorological resources and agriculture. Such conditions are seen to have
close relation with fluctuations in Sea Surface Temperatures in Pacific Ocean. The
country recently remained under the grip of a severe drought during the period
1998 to 2001 which disrupted the economy badly besides human and live stock
killings.
This was the period of cold episode in Pacific Ocean termed as La Nina
phenomena and it was believed that history’s worst drought conditions over South
Asia were triggered by La Nina phenomena.
In this study, effort has been made to investigate the behavior of winter rainfall
over Pakistan in relation to La Nina phenomena and provide a qualitative tool for
predicting winter rains on the basis of SST forecast over the Pacific.

Introduction:
Drought, floods and other manifestations of climate extremes are not recent
phenomena. What is new is the knowledge to link a pattern of simultaneously
occurring climate extremes within a global framework. This knowledge, with a
developing capability to predict a season or more in advance in some regions is
providing new tools for preparedness and early warnings to reduce e the risk and
better manage the impacts of climate extreme, and to underpin strategies for
sustainable development.
The pattern of drought has recurred many times in latter part of the nineteenth and
in twentieth centuries. During 1998-2001, Pakistan experienced history’s worst
drought conditions. It was believed that it was triggered by La Nina phenomena.
Accordingly an analytical study has been made to find the relationship between La
Nina phenomena and rainfall amounts over Pakistan.
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Methodology:
A determination first had to be made in regards to what constitutes a La Niña, or
cold event. Different sources list different years for La Niña events. Ultimately,
Climate Prediction Centre list for ENSO and non-ENSO years was incorporated
into this study because it provides a season-by-season breakdown of conditions in
the tropical Pacific. This list classifies the intensity of each event by focusing on a
key region of the tropical Pacific (along the equator from 150°W to the date line).
The process of classification was primarily subjective using reanalyzed sea surface
temperature analyses produced at the National Centres for Environmental
Prediction/Climate Prediction Centre and at the United Kingdom Meteorological
Office.
In a strict sense, La Niña is an extreme cooling of the central and eastern equatorial
Pacific over a period of several months. It is not just any drop in temperature
below (i.e., cooler than) the long-term average.
List of events classified as La Niña in Climate Prediction Centre date back to 1950
and end with the last well documented event of 1998-2001. Precipitation records
for Pakistan are readily available since 1950. The first La Niña event on the CPC
list is 1950. Thus, the years of this study range from 1950 to 2001. Of the 52 years
in this study, 16 are La Niña years. Seasonal precipitation departures were
calculated for all of the La Niña years of this study. Also, average seasonal
precipitation totals for La Niña years were compared to average seasonal
precipitation totals for the non-La Niña years of this study.

%age dep of rainfall during neutral and La Nina years

Fig. 2

Non Enso ye a rs,

La Nina ye a rs with sa me inte nsity during fa ll(O ND) & subse que nt winte r(JFM)
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The two sets of calculations were to be performed to show that La Niña does
indeed have a direct negative effect (decrease) on the Pakistan precipitation record.
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The winter season was classified from January to March and Monsoon season as
July to September.

Data Analysis and Discussions:
Since seasons of precipitation maximum are determined by seasonal changes in
regional seasonal circulations, which govern the processes by which precipitation
is produced, therefore primary focus remains on the analysis of departure of
seasonal precipitation in individual years from long term average.
Various La Nina cases were segregated according to the intensity of La Nina
phenomena published by Climate Prediction Centre on three month basis.
Following segments were analyzed.
1. La Nina with strong intensity during fall (OND) and subsequent
winter(JFM).
2. La Nina with moderate intensity during fall (OND) and subsequent
winter(JFM).
3. La Nina with weak intensity during fall (OND) and subsequent
winter(JFM).
4. La Nina with increasing intensity from fall (OND) to subsequent
winter(JFM).
5. La Nina with decreasing intensity from fall (OND) and subsequent
winter(JFM).
Area weighted rainfall on all Pakistan basis was computed for Winter season(JFM)
and impact of La Nina was studied for above five segments.
Analysis of rainfall on all Pakistan basis during strong La Nina
conditions in fall (OND) and subsequent winter (JFM).
These conditions were met during 1974 & 1989. During both years, rainfall
received was below than long term average as indicated in graph.
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%age dep of rainfall on all Pakistan basis during W inter(JFM) under
strong La Nina conditions in OND & subsequent W inter.
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Fig. 3
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In 1989, there was an abrupt change in global atmospheric pattern and SST
warming was more rapid compared to 1974 situation. Accordingly in March, La
Nina intensity became weak from strong in Jan. This warming resulted in increase
of rainfall activity in March. As such decrease of seasonal rainfall was not as much
as in 1974.
Analysis of rainfall on all Pakistan basis during moderate La Nina
conditions in fall (OND) and subsequent winter (JFM).
These conditions were met during 1951, 1955, 1971 & 2000. During entire years,
rainfall received was
below than long term
average as indicated in
%age dept of Rainfall during Moderate La Nina event
in fall (OND) & subsequent winter(JFM) on all Pakistan
graph.
basis

Analysis shows a sharp
0
decrease in rainfall
-10
during 1971 winter
-19.6
-20
-21.4
compared
to
other
-30
years. In fact abrupt
-35.6
-40
changes
in
global
-50
atmosphere
were
-56.1
-60
noticed in November
1951
1955
1971
2000
Fig. 4
1970. Rapid evolution
of La Nina was
recorded during fall season of 1970 compared to 1951, 1951 and 2000 when there
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was slow evolution of La Nina episode. This might be one reason that largely
below normal precipitation was recorded during subsequent winter of 1971.
Analysis of rainfall on all Pakistan basis during weak La Nina
conditions in fall (OND) and subsequent winter (JFM).
These conditions were met during 1975, 1984, 1985, 1996 & 2001. 80% of the
events received below than long term average as indicated in graph.

%age dep of rainfall on all Pakistan basis during winter under weak
intensity of La Nina in OND & subsequent winter(JFM)

32.6

40
20

0

-6.6

-20

7
-25
-35

-40
-60
1975

1984

-59.1
1985

1996

2001

Fig. 5

In 1996, above than normal rainfall was received. Study of global parameters
indicates that this episode of La Nina modestly evolved in October 1995 but ended
in Feb 1996 and near normal weather conditions prevailed rest of the year.
Accordingly heavy downpour was recorded during March in 1996 resulting above
normal rainfall for the winter season.
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Analysis of rainfall on all Pakistan basis with decreasing intensity of
La Nina from fall (OND) to subsequent winter (JFM).
These conditions were
% dep of rainfall in winter for La Nina decreasing tren d
met during 1956, 1957,
from OND to JFM
1965, 1972 & 1976.
Fig. 6
Precipitation
activity
51.2
46.9
over the country was
enhanced in all cases
and above than long
25.9
term average rainfall
amounts were recorded
as indicated in graph.
4
2.3
60

50

40

30

20

10

0

On the other hand,
rainfall was close to normal during monsoon period under same set of conditions
in AMJ & JAS.
1956

1957

1965

1972

1976

Analysis of rainfall on all Pakistan basis with increasing intensity of
La Nina from fall (OND) to subsequent winter (JFM).
No such events has so far been reported as per data available for the past 52 years.
Same criteria for AMJ and subsequent Monsoon period was met during 1954,
1964, 1973, 1975, 1988 and 1988. Analysis depicts that near-normal to above than
normal precipitation was received in the country.

Conclusion
Problems in the evaluation and use of La Niña-related information arise because of
the lack of consensus on a single, universally accepted description of what
constitutes a La Niña event. Also, the way in which one defines La Niña in
quantitative terms determines how many events have occurred. The more strict the
definition, the fewer the events and the smaller the sample of La Niña cases to
assess for its physical characteristics or for its environmental and societal impacts.
During cold ENSO episodes, cooler than normal ocean temperatures in the
equatorial Central Pacific act to inhibit the formation of rain-producing clouds over
that region. Mid-latitude low pressure systems tend to be weaker than normal. La
Nina episodes feature large-scale changes in the atmospheric winds across the
tropical Pacific, including increased easterly winds across the eastern Pacific in the
lower atmosphere, and increased westerly winds over the eastern tropical Pacific in
the upper atmosphere. These conditions reflect an enhanced strength of the
equatorial Walker Circulation.
In this study, effort has been made to relate precipitation data of Pakistan during
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cold episodes. As a whole, winter season rainfall activity over Pakistan is
suppressed under same set of La Nina conditions during fall (OND) and
subsequent winter as indicated in the graph.
However if La Nina episode is in decay process and its intensity become weak
during winter compared to previous quarter (OND), i.e. SST start rising, then
rainfall activity over Pakistan tends to be normal to above than normal (Fig-6).
However during monsoon
%age dep of rainfall on all Pakistan basis during winter with
period, rainfall pattern
same La Nina intensity during OND & subsequent JFM period
over the country is some
what opposite. If intensity
32.6
40
of La Nina increases from
30
20
AMJ to JAS period,
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0
- 10
takes place. On the other
-12.4
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-25
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- 30
-32
-34.2
-35.6
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below than normal if La
- 50
Nina phenomena is in
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- 60
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weakening process during
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monsoon (JAS) compared
Fig. 7
to AMJ. Results can be
summarised in the following fig.
Precipitation pattern during La Nina episode is different in winter & monsoon
season because seasons of precipitation maximum are determined by seasonal
changes
in
regional
% de p of Monsoon ra infa ll unde r inc re a sing int e nsit y of La Nina
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properties
whereas
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by monsoon waves with
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tropical maritime air mass
properties. The feeding
sources for disturbances in the two seasons are different & as such response to La
Nina episode is also not uniform.
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Warm and cold ENSO episodes contribute to the pattern of variability of weather
systems and to extremes of local and regional climate. Complex non-linear
interactions between various components of climate system during ENSO events,
results in seasonal shifts in the frequencies of occurrences and intensity of regional

Fig. 9

weather systems.
ENSO is the part of recurring patterns of extreme weather events and persisting
climate anomalies that have enormous societal impacts, especially in developing
countries.
A concerted effort is required on the part of governmental and non-governmental
organizations to develop appropriate policies to mitigate climate change and
prepare their communities for periodic impacts of climate extreme.
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VARIATION IN SEISMIC NOISE AT SEISMIC
STATIONS WITH IMPLICATIONS FOR EVENT
DETECTION
By Jamshaid Ali, M. Daud Shah, M. Qaisar, Zahid Ali.
Micro Seismic Studies Programme (MSSP).

Abstract:
A network of 23 analog seismic stations was established in Pakistan to monitor
seismic activity. The instrumentation of seismic stations includes short period
seismometers with natural period at 1 Hz. The seismic noise conditions of five
seismic stations are studied to determine the detection capability in the frequency
range from 1.0 Hz to 10.0 Hz regarding monitoring of local and regional
seismicity. The Power spectral density of noise level of the records was computed
by taking day and night samples during winter and summer seasons. The seismic
noise levels at these stations range from –120 db to –157 db between 1.0 to 10 Hz,
which is well within the limits defined by the Peterson’s new low and high noise
model. The observed noise variations recorded during day and night range from 5
db to 17 db, depending on the site of the station. The detect-ability estimates of the
selected five seismic stations installed at Fort Munroe, Cherat, Thammi Wali,
Dhulian and Sargodha assume a conservative signal-to-noise ratio of 3. These
stations showed detection capability 3.1, 3.3, 3.4, 3.5 and 3.8 magnitudes at 1000
km distance respectively.

Introduction:
Modern seismometers can detect ground movements as small as the size of atomic
spacing and thus in principal can detect the seismic wave from the smallest seismic
events. However, not only the seismic events (man made or earthquakes) cause
vibration in the earth but also other natural processes such as wind, ocean waves
and cultural activities such as automobile traffic and factories generates continuous
back ground vibrations collectively referred to as seismic noise. The seismic
sensors are frequently deployed in deep tunnels or mines in order to isolate them as
much as possible. The quietest sites for seismic stations are in remote areas.
Considering these facts the seismic ground noise levels of a few seismic stations
recorded by PAEC seismic network are studied to define the factors that affect
ground noise levels and for establishing network criteria for detecting small
seismic events. This study also looks into how the average noise spectrum depends
on site, time (day and night) and season variation.
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Description of the sites of the stations:
The selected seismic stations are shown in Figure 1 and listed in Table 1. The
seismometers installed at these stations are of the type HS-10-1B with 1 Hz natural
frequency manufactured by Geo Space Corporation, which is high sensitivity selfgenerating velocity transducer. The seismometers are buried at a depth of 3 to 5
feet. The seismic data is recorded at the central recording Lab at Nilore and
recording system is shown in Figure 2. Different environmental conditions exist at
the seismic stations and they are briefly described as under.
Fort Munroe (FMO): It is located at Fort Munroe hill station on Sulaiman Fold
and Thrust Belt at an elevation of 6000 feet from sea level. All the rocks masses in
the area are of sedimentary nature and comprise deformed beds of limestone, shale
and sandstone. This site is well safe from natural activities like streams/river and
land sliding that may produce noise. The site and its surrounding have very low
density of population and hence low rate of man-made noise. The sensor is placed
upon thick-bedded sedimentary rock.
Cherat (CET): It is situated at Cherat hill station in NW Himalayan Fold and
Thrust Belt, at an elevation of approximately 5000 feet from sea level. This region
lies in the Main Boundary Thrust area, consisting of thick-bedded metamorphosed
rocks of very old age (400 m y. old) dominantly slates and meta-sandstones. High
to moderate winds strike the station and the vegetation at the site enhances the
coupling of wind energy in to seismic noise at high frequency. The sensor is
installed at depth of 3 feet in a thick-bedded rock.
Thammi Wali (THW): It is located in a mountainous area that lies at the
intersection of Kohat and Potowar plateaus very close to Kalabagh strike slip fault.
The site is surrounded by agricultural land and is susceptible to noise produced by
agricultural activities. At Thammi Wali, the sensor with sensitivity 5.12 V/I/S is
located approximately at 5 feet into a pit near the mountain.
Sargodha (SAG): It is located on flood plain deposits of Indus plains, mainly
loose sandstone and siltstone. An unmatelled road passes near the site but the road
traffic is minimal. The seismometer is installed at a depth of about 5 feet.
Dhulian (DHN): It is located in hilly area very close to Soan Basin in north
Potohar Deformed Zone (southern extremity of NW Himalayan Fold and Thrust
Belt). The basement is post Himalayan sedimentary molasses, massive thick gray
sandstone. Dhulian station site is fairly isolated from human activities.
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Geology and Tectonic Features of the Area:
Pakistan region comprises diverse nature of geologic features as it lies at the
junction of Indian, Eurasian and Arabian plate boundaries, with a geologic history
of subduction volcanism, mountain orogeny and also the marine to alluvial rock
formations. The morphology of the region ranges from world’s most uplifted
terrain, Himalayas, through plateaus, basins to seashore, Arabian. This sets a wide
verity of structural, stratigraphical and geo-morphological features in a very short
region.

Geodynamics of study area:
The collision between Indian and Eurasian plates (about 55 m.y. ago) is
responsible for the present geodynamics and stratigraphy of the area. The
significant tectonic features of the region include joint mountain ranges in N and
NW (Karakuram, Himalayas, Hindu Kush, Sulaiman etc), regional to local scale
thrust faults (Main Karakorum Thrust MKT, Main Mantle Thrust MMT, Main
Boundary Thrust MBT, etc), transform fault (Chaman), subduction associated
volcanics (Chagai), plateaus, Indus Basin and delta.
The major geological features observed in area are resulted by Late Mesozoic and
Cenozoic tectonism. This resulted wide distribution of igneous and metasedimentary rocks in N and NW, uplifted marine shelf sedimentary sequence in W
and SW and great Indus plains of unconsolidated alluvium in E and SE of study
area. These features become more pronounced during the post Himalayan orogeny.
The collision sets the trends for the greater emergence of seismicity in the region.
The present day seismicity is directly or indirectly related to the post Himalayan
orogeny that has generated diverse and integrated system of active faults.
The geologic and tectonic features can be broadly categorized in to two types
(Figure 3).
The mountain region comprising northwest Himalayan fold-and-thrust belt (SubHimalayas) and Sulaiman Fold and Thrust Belt, making the boundary between the
two continental plates Indian and Eurasia.
The tectonically less complex Indus Plain formed by the alluvial deposits of the
Indus River and its tributaries.

Northwest Himalayan Fold and Thrust Belt:
This belt occupies a 250 km wide and about 560 km long, irregularly shaped
mountainous region formed by the folded and faulted broad anticlines of sediments
resulting from the collision of Indian and Eurasia plates (Deway and Bird, 1970;
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Mckenzi and Sclater, 1971; Molnar and Tapponier, 1975). The Hazara-Kashmir
and Naga Parbat Syntaxes form its eastern margin. It covers all the terrain between
Main Mantle Thrust (MMT) in the north and Salt Range Thrust in the south. This
region is composed of the mountain ranges of Naga Parbat, Hazara, southern
Kohistan, Swat, Margalla, Kalachitta, Kohat, Sufid Koh, Salt Range, and the in
between basins and plateaus (White 1979, Jacob and Quittmeyer, 1979). The
structures, that define the tectonics of the area, include Potwar Plateau (Soan
Syncline), Main Boundary Thrust, Salt Range Thrust (SRT), Jhelum Fault (JF),
Attock Cherat Range. The critical tectonic features that determine the seismic
setup of the area include Main Boundary Thrust (MBT), Salt Range Thrust,
Jhelum Fault, Kalabagh Fault, and Khairabad Fault (Kazmi and Jan, 1997).

Sulaiman Fold and Thrust Belt:
This is an arc shaped elongated mountain belt about 300 km long, representing the
western margin of Indian Plate in the Region. The relief ranges from a few
hundred meters to nearly 3,600 m. The significant tectonic features of the region
include thrusting with considerable strike slip component that has develop
extensive mountain ranges and is also responsible for the present day seismicity in
central Pakistan (Abdel Gawad, 1971). The general development of the faults of
the region is EW trending arc shaped in the central part and NS trending in eastern
and western parts.

The Indus Plain:
The Indus Plain is bounded by mountain ranges to the north and west, by the
Arabian Sea to the south and the Thar Desert to the east. The most conspicuous
features in the Indus Plain are inter basinal ridges between Shahkot and Chiniot
and small hillrocks near Khair Pur, Hyderabad and Thatta. In the north these attain
an altitude of about 250 meter above sea level. The Indus Plain has gentle
southward slope ranging from about 1.0 – 0.2 m / km in the north to 0.1 m / km or
less in the southern part near the Indus delta. Its elevation in the north is about 180
m to 210 m, in its central part near Sukkur it is about 54 m and near the delta only
3 to 4 meter above the sea level (Islam, 1959). It comprises the flood plains, Barrplains and the deltaic flood plains where process of degradation and aggradation
are in progress. The flood plains of Indus may be defined as low-lying tracts of
land along the rivers (Kazmi, 1966).

Seismic Data and Noise Analysis:
For the purpose of this work, two months seismic data recorded by the network
during Summer and Winter was taken for noise analysis. Five stations (FMO,
CET, THW, SAG, DHN) were selected and recorded data of these stations was
analyzed for different timings of day and night separately. The noise level is
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studied by means of acceleration power spectral density analysis applied at 1 Hz
frequency. The average power spectral density of noise level of the records was
computed by taking day and night time samples for each station during winter and
summer and it was observed that winter and night-time represent low noise as
compared with that of summer and daytime noise. Based upon noise conditions,
average estimate of power spectral density from day and night time samples,
during winter, are shown in Figures 4(a-e). The lowest noise levels were observed
for winter nighttime samples for each station. The seismic station at Fort Munroe
(FMO) shows the lowest noise level, which is –155 db at 1 Hz but increases up to
–134 db at 2.5 Hz and remains high as –145 db between 7 to 10 Hz. The noise
level at Cherat seismic station (CET) is –153 db at 1 Hz but noise spikes between
4 to 6 Hz are seen which may be due to impact of high speed wind at the site, as
high frequency (1 ‹ f ‹ 60 Hz) noise levels are strongly correlated with wind speed
(Wither et al., 1996 and Young et al., 1996). The noise level at Thammi Wali
seismic station (THW) is -151 db at 1 Hz and increases towards 5 Hz and then
remains constant up to 10 Hz. The seismic station at Dhulian (DHN) shows some
spectral lines having noise level –137 db between 2 to 4 Hz and -148 db at 1 Hz.
The noise level at Sargodha seismic station (SAG) is –140 db around 1 Hz but the
noise level increases up to –130 db between 4 to 6 Hz.
It is further observed that daytime variations are not significant below 0.5 Hz at all
stations. At Fort Munroe (FMO) daytime noise dominates the night-time noise by
5 db between 6 to 9 Hz. The station at Cherat (CET) shows significant daytime
variation above 3 Hz and ranges from 5 to 17 db between 4 to 6 Hz. At Thammi
Wali station (THW), the daytime noise variation is prominent with the increase in
noise level about 7 db between 1.5 to 3.5 Hz and above this frequency; the increase
in noise is up to 17 db during the daytime. The increase in daytime noise relative to
nighttime noise at Dhulian station (DHN) starts at 2 Hz and reaches up to 7 db
between 4 to 8 Hz. At Sargodha station (SAG), an increase of 8 db in the noise
level during daytime relative to nighttime is noticed around 1 Hz and it attains high
value as 17 db along with spectral lines between 5 to 6 Hz.

Conversion of Spectral Power Densities in to Recording
Amplitude:
The acceleration power spectral density of noise level is computed and then the
velocity and displacement power spectral density is calculated by using following
relations (Bormann, 1998).
Pv = Pa (db) + 20 log (T/2π)

(1)

Pd = Pv (db) + 20 log (T/2π)

(2)
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where Pa is acceleration power spectral density
Pv is velocity power spectral density
Pd is displacement power spectral density
T is time period
According to Aki and Richard (1980), the root mean square amplitude (Arms) of a
wavelet f (t) can be approximated in term of spectral density and bandwidth
according to the following relation
Arms

= {P× ( fu

– fl )}1/2

(3)

where fu and fl is upper and lower frequency and P is the power spectral density.
The equation (3) shows that the root mean square amplitude (Arms) depends on the
bandwidth. To reduce the dependency on bandwidth ( fu – fl ), the concept of
constant relative bandwidth (RBW) is used and it is defined as under
RBW = ( fu – fl ) / f0

(4)

where f0 is the geometric mean of fu and fl .If fu and fl are upper and lower corner
frequencies and the filter is “n” octave, then the ratio of upper and lower frequency
is

fu / fl = 2n
And
f0 = (fu x fl)

(5)
½

= fl x 2n/2

(6)

Thus the relative bandwidth can be defined in term of filter parameters as below
RBW = ( fu - fi ) / f0 = (2n – 1)/2n/2

(7)

and equation (3) becomes as under
Arms

= {P x

(fu - fi)}1/2 = (P × fo × RBW) 1/2

(8)

where P is power spectral density
Aki and Richard (1980) showed that for one octave filter, the Arms values has a
Gaussian distribution and hence average peak amplitude ( Aapa) can be
approximated to 1.253 x Arms i.e.
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Aapa=1.253 x Arms

(9)

In the present case one octave filter has been chosen. The relative bandwidth for
one octave filter is
RBW = ( fu – fl ) /f0 = 0.707

(10)

where f0 = 1 Hz, fu = 1.41 Hz and fl = 0 .7 Hz
Accordingly the average peak amplitudes (Aapa) and minimum detectable
magnitudes (ML) at 1000 km distance are calculated and given in Table 2.

Estimate of Minimum Detectable Magnitude:
The minimum detectable magnitude versus distance at five seismic stations of the
PAEC seismic network is estimated from the noise observations discussed
previously. The average value of the power spectral density of noise levels relative
to 1(m/s2)2 / Hz was used to quantify the average peak amplitude of the noise at
each station. Minimally detectable event is defined, as the signal recorded at
seismic station should be three times the background noise amplitude because it is
a realistic level for detection and phase identification amidst background noise.
The magnitude is calculated by using the following equation (Richter, 1958).
ML = log A+ 2.56 log ∆ - 1.67

(11)

Where A is average peak amplitude in micron and ∆ is distance in kilometer.
The magnitude vs distance for these stations are estimated and results are shown in
Figure 5. The seismic station at Fort Munroe (FMO) shows minimum magnitude
detectability and can detect an event with magnitude 3.1 at 1,000 km. CET and
THW show magnitude detectability 3.3 and 3.4 respectively. The minimum
magnitude detectability at DHN and SAG is 3.5 and 3.8 respectively.

Conclusion:
Average noise level above 1 Hz depends strongly on the characteristics of the
station site. All the selected sites have a noise level that is well with in the limits
defined by the Peterson’s new low and high noise model (Figure 6). The station at
Fort Munroe (FMO) has the lowest noise level that is –155 db at 1 Hz where as
the Sargodha seismic station (SAG) has the highest noise level –140 db at 1 Hz.
The Cherat seismic station (CET) has the noise level –153 db at 1 Hz but reaches
up to –125 db between 4 to 6 Hz. At Dhulian seismic station (DHN) the noise level
raises to –135 db between 2 to 4 Hz. The noise level at Thammi Wali seismic
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station (THW) fluctuates around -133 db between 3 to 10 H z. However the noise
fluctuations observed in mountainous stations located at Cherat, Fort Munroe and
Dhulian are due to the impact of high-speed wind.
The estimated average magnitudes show that ML 2.9 event at 500 km and ML 3.6
event at 1,000 km distance should be detected by all the selected stations under
winter and night noise condition if signal frequency is 1 Hz. Actual minimum
magnitude detectable at the stations may be a bit smaller than those estimated here
due to conservativeness in assumption of signal–to-noise level. Because of lower
noise level, the station FMO has shown the best performance in detecting the
seismic events.
The seismic noise level at Sargodha seismic station (SAG) is higher with respect to
other stations. It may be due to the working of stone breaking/crushing machines in
the vicinity of this station. It can be reduced partially by shifting the station to a
new site with minimal seismic noise sources (manmade and natural) as compared
to previous one and installing the seismometer on isolated concrete structure in a
vault.
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Figure 1. Map showing the locations of seismic stations.
ic stations, data transmission and recordings.
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Figure 3. Geologic and tectonic features of the area around the network.

Figure 4(a).
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Figure 4(c).
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Figure 4(d).

Figure 4(e).
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Figure 5. Minimum Detectable Magnitude vs Distance.

Table 1. Station Locations
Station Name

Station Code

Latitude

Longitude

Cherat

CET

33° 49.24َ N

71° 54.32َ E

Thammi Wali

THW

32° 47.39َ N

71° 44.33َ E

Sargodha

SAG

31° 55.17َ N

72° 40.18َ E

Dhulian

DHN

33° 12.54َ N

72° 21.28َ E

Fort Munroe

FMO

29° 55.26َ N

70° 00.59َ E
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Table 2. Minimum Detectable Magnitude (ML) at 1000 km distance
Station Name

Magnitude

Power Spectral Density (m /s 2 )2 /Hz db

(ML)
Fort Munroe

3.1

Cherat

3.3

Thammi Wali

3.4

Dhulian

3.5

Sargodha

3.8

THW

High Model

CET

Frequency (Hz)

Figure 6. Seismic Noise at Cherat and Thammi Wali stations of MSSP network as
compared to the new global seismic noise model by Peterson (1993).
47

Pakistan Journal of Meteorology

vol. 1 Issue:1 (Jan – March 2004)

VARIATION IN FOG INTENSITY/DURATION AND
EL NINO
By Syed Faisal Saeed & Asma Younas

Abstract:
The intensity and duration of Fog over the plains of Punjab has been seen to
significantly vary during the past decade. Fog is one of the climatic parameters in
the region and appears normally for very short durations of few hours. This figure,
it has been seen, crossed 300 hours during the El Nino year of 1997-98. The study
conducted in this regard revealed that during El- Nino years, the pressure over the
region rises. A correlation of 80% was found to exist between the pressure of
Darwin and the upper Punjab and this higher pressure increased stability over the
region that creates an atmosphere conducive for the formation of Fog for longer
duration in winter season.

Introduction:
The El Nino phenomenon is responsible for flooding in some parts of the Globe
and draught like conditions in other parts of the
Globe [1]. During warm
episodes extra tropical storms and frontal systems follow paths that are
significantly different from normal, resulting in persistent temperature and
precipitation
anomalies in many
regions. El Nino is
also responsible for
large-scale
seesaw
phenomenon
of
surface
pressure
between
Indonesia
and southeast pacific
in
which,
when
pressure is high on
one side, it tends to be
below on the other.
The
pressure
difference
between
the two representative
centers of Southern Oscillation, Darwin in Australia and Tahiti in south pacific is a
good index of a southern Oscillation, and it corresponds well with the variation of
sea surface temperature (SST) in the eastern equatorial Pacific. SST in the
equatorial Pacific fluctuates between Al-Nino and La-Nina every few years, and
similar variation can be seen in surface pressure of both areas.
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In this paper an attempt has been made to find the correlation between the El Nino
phenomenon and occurrence of fog over Punjab.
Fog over Punjab:
In the upper Punjab the number of hours of Fog has increased drastically in the
past decade [2]. The 50 to 60 hours of fog is the climatology of the region but that
figure has gone to more than 300 hours in 1997 – 1998.
Usually, fog isn’t just composed of plain water droplets. The condensation process
occurs more easily with the presence of hygroscopic condensation nuclei in the
atmosphere (e.g. dust or salt particles, often caused by pollution). In case of a high
concentration of nuclei, the fog will be called smog.
The microstructure of fog depends on the place (nature of hygroscopic
condensation nuclei), the time, and the atmospheric conditions. The droplets are
small when the fog forms, then grow bigger as condensation occurs.
The fog identified over Punjab is Radiation and Frontal fog. The favorable
conditions for radiation fog produced by the radiation cooling at the surface are
clear nights, shallow layer of moist air near the ground, long nights, light winds.
The radiation fog forms at the ground and are deepest around sunrise, some times
an increase in thickness at sunrise due to evaporation of dew supplying moisture to
the fog. The frontal system coming from west known as western disturbance brings
moisture with it and it is responsible for winter precipitation over upper Punjab.
Although the front is not visible in the region but it is observed that after rain the
moisture in the air appears as fog due to high-pressure system that comes after
western disturbance.
Burning of coal:
The four-year (1998-01) research undertaken by SUPARCO clearly shows [3] that
the fog in Lahore and other parts of Punjab is a result of coal burning in the
Northern cities of India. The chemical analysis of the fog samples which were
collected over a period of four years and analyzed in the New York State
Laboratory in Albany, USA, clearly indicate that the chemical composition of the
fog is of coal. The satellite picture of the area during fog, shows the fog extending
from Bihar to West Punjab in Pakistan, with the bulls eye over UP India.
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Data and Methods:
In this study 5 stations in upper Punjab are considered (a) Faisalabad (b) Lahore (c)
Jhelum (d) Sargodha (e) Sialkot. The monthly and annual data on Pressure, Fog
frequency, Maximum/Minimum temperature, Relative Humidity and rain fall for
the period 1990-2000 has been used [2].
The monthly data of pressure and anomaly for Darwin was taken from NCEP
(National Center for Environmental Prediction).
The average of M.S.L pressure at 0000UTC and 1200UTC was calculated.
Relative Humidity was taken at 0000UTC.For fog frequency the number of hours
of fog was calculated and then number of hours of fog in each winter season was
calculated.

Results and Discussion:
Data of sea surface temperature (SST) of Pacific Ocean from 1990 to 2000 is
tabulated showing the staring and ending of warming in the different regions of
Pacific Ocean with their time of maximum temperature anomaly.
Table (1):
El- Nino
Year

Nino 1+2
(0 – 10 °S)
(90°W - 80°W)

Nino 3
(5°N - 5°S)
(150°W – 90°W)

Nino 4
(5°N - 5°S)
(160°E - 150°W)

Nino 3.4
(5°N - 5°S)
(170°W - 120°W)

1991 – 1992
(MODERATE)

Start :
Dec. 1989
Start :
May 1991

Start :
May 1991

Maximum :
April 1992
Anomaly =
2.34°C

Maximum :
May 1992
Anomaly =
1.37°C

End : Jul.1992

End : Jun 1992

1st Maximum : Dec 1991
Anomaly =
1.17°C
2nd Maximum :
Nov 1994
Anomaly =
1.27°C

Start :
Jan. 1990
Maximum :
Jan. 1992
Anomaly = 1.9°C
End : July 1992

End : Jul.1995
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1994 – 1995
(WEAK)

Start :
Dec. 1992
Start :
Oct. 1994

Start :
Oct. 1994

Maximum :
Jan. 1995
Anomaly =
0.91°C

Maximum :
Dec. 1994
Anomaly =
0.98°C

End : Feb.1995

End : Feb 1995

1st Maximum :
May 1993
Anomaly
=
1.06°C
2nd Maximum :
Dec 1994
Anomaly =
1.4°C
End : Apr.1995

Start :
Mar. 1997

1997 – 1998
(STRONG)

1st Maximum :
Aug. 1997
Anomaly =
4.01°C
2nd Maximum :
Dec. 1997
Anomaly =
4.13°C

Start :
April 1997

Start :
Dec. 1996

Maximum :
Dec. 1997
Anomaly =
3.68°C

Maximum :
Nov. 1997
Anomaly =
1.13°C

End : May 1998

End : May 1998

Start :
April 1997
Maximum :
Nov. 1997
Anomaly = 2.8°C
End : Jun.1998

End : Oct.1998

Analysis of mean sea level pressure:
The simple time series graphs were the primary tool for the study of variation of
pressure over the period of 10 years. The major finding is the pressure pulse.
Pressure Anomaly ( Faisalabad - Darwin )
Correlation Coef ficient = 0.79
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Correlation Coefficient = 0.79

Pressure Anomaly ( Sialkot - Darwin )
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Pressure Anomaly ( Jhelum - Darwin )
Correlation Coefficient = 0.77
2
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The time series of all 5 stations showed almost the same pulsating character of
pressure. The three peak values of higher pressure are clearly visible in the years
1991-1992, 1995-1996 and 1997-1998. For example the maximum value of
pressure is visible in 1997 in which the El Nino was strongest as shown in Table
(1) The 1997 El Nino started in the month of April and the warming reached a
maximum value in September. The high-pressure peak is coinciding with this
period. The similar behavior is observed in other El Nino periods. As the El Nino
starts the pressure over Darwin Starts increasing where as the pressure over Tahiti
starts decreasing. The pressure anomalies of the selected stations and Darwin have
shown a correlation of almost 0.8 i.e. the variation of pressure from normal of
stations of upper Punjab and of Darwin from its normal are showing same
behavior.
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Analysis of fog:
The same pulsating character in the graphs is visible as seen in case of pressure. It
is again observed that the fog duration during El-Nino year is more than normal.
Keeping in mind that 1991-1992 was moderate, 1994-1995 was weak and 19971998 was a very strong El Nino, it is clear that the duration of fog in 1991-1992
was more than the duration in 1994-1995 and the number of hours of fog is much
Winter Fog ( Sialkot )
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Winter Fog ( Faisalabad )
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Winter Fog ( Jhelum )
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higher in 1997-1998 in the strong El Nino year.
The increase in duration of fog is in phase with El Nino events strength as seen in
case of pressure.
There is a delayed effect seen in all the stations i.e. the duration of fog keep on
showing increasing trend even after the end of El Nino event.
It is also observed that the same trends are present in El Nino events of 1980’s For
example in the strong El Nino event of 1982-1983 the number of days of fog were
21 and 23 in 1982 and 1983 respectively in Faisalabad. Although the frequency of
fog was not so pronounced but the behavior was in phase with the El Nino events.
Analysis of low clouds:
The peak values of all the stations are found in the year 1992, 1994 and 1997. The
increase in the amount of low clouds has significance because it indicates the
Amount of Low Clouds
4
3.5
3

Oktas

2.5
2
1.5
1
0.5
0
1991

1992

1993

Faisalabad

1994

1995

Jhelum

1996

Lahore

1997

Sialkot

1998

1999

2000

Sargodha

increase in the moisture contents in the lower layers of the atmosphere. It is in
conformity with the increase in Relative Humidity during the same periods.
Analysis of winter precipitation:
For precipitation analysis the total Precipitation of the months December, January,
February, March was taken. Normally for winter precipitation months in Pakistan
are January, February and March but the month of December is included because
in El Nino years the rain in this month is quite significant. The situation in the
month of November is discussed separately.
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There is a slight increasing behavior in precipitation in all the stations in the year
1991-1992, this in more pronounced in Sialkot. There is almost same behavior of
Winter Precipitation
500
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Pricipitation ( mm )
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increase in precipitation in the years 1994-1995.In Sargodha, Sialkot and Lahore
the peak values are clearly visible in this period where as in Faisalabad and Jhelum
the trend is increasing but the peak value is in the winter of 1995-1996 i.e. there is
a delayed effect in these stations. The similar situation is visible in 1997-1998
winters.
Situation in November:
The month of November is the driest month in Pakistan but the situation is quite
different in El Nino years. In the Fig 7 it is can be seen that the amount of
precipitation is considerably more in the years 1992, 1995 and 1997.
Fig 8: Variation of precipitation in the month of November for the period of 19902000.
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Analysis of Maximum And Minimum Temperature:
The behavior of Maximum temperature is the same over all the stations of upper
Punjab. There is a decreasing trend in 1991-1992, 1994-1995 and 1997-1998. In
Annual Maximum Temperature
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Annual Minimum Temperature
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1997 there is a sharp decline in the Maximum temperature. The decrease in annual
maximum temperature is due to decrease in maximum temperatures in winter as
well as in summer i.e. in El Nino years the Maximum temperatures remains below
normal.
There is an overall increasing trend in Maximum temperature in all the station
except Lahore, which shows slight decreasing trend for the period 1990-2000.
There is an increase in Minimum temperature in the El Nino years. In 1997 the
values are significantly higher but in 1991-1992 this behavior is not much evident.
It is to be noted that the increase in annual Minimum temperature is due to increase
in Minimum temperature in winter season but not in summer season.
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There is an overall increasing trend in Minimum temperature in all the stations for
the period 1990-2000.

Conclusions:
The correlation coefficient of about 0.8 exists between the pressure anomalies of
selected stations and Darwin. So the higher pressure in Darwin during El Nino
event is also depicted in the region and this higher pressure increases stability over
the region that creates an atmosphere conducive for the formation of Fog for
longer duration in winter season.
The frequency of western disturbance is almost one per week, before the arrival of
this system there are clear skies due to which the surface cools down and thus
helps in the condensation of moisture, which is coming with system and appears as
fog. The land use changes i.e. more agricultural activity, better irrigation of land
and evapotranspiration by wheat crop adds moisture at lower levels. The
topography and lighter winds in the region causes the moisture to stay in the region
for longer periods.
The amount of low clouds and relative humidity increases in El Nino years. The
decrease in maximum temperature in El Nino years is due to the presence of fog.
There is increase in minimum temperature in winter but not in summer is due to
fog and low clouds, which resist the radiation cooling of the surface.
Although ENSO and the occurrence of fog are in phase and have a very good
relation but there is a missing factor. The phenomenon of fog in 1980’s was also in
phase with El Nino but the intensity was not that pronounced it seems that the
increase in condensation nuclei in 1990’s and land use change is enhancing the
phenomenon.
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WEATHER IN PAKISTAN (January – March 2003)
By Akhlaq Jameel & S. Anzar Ali Jafri

Introduction:
During the northeast monsoon season of 2003, eleven westerly low-pressure waves
passed across the country. Winter rains commenced over the entire country about
weeks later than the expected date.
The most significant weather spell occurred during the period from 16 to 21 in the
month of February 2003. It was the wettest spell during the last three decades.
Under the influence of related weather system, heavy to very heavy rains occurred
almost at all the places in the northern parts of the country and at an isolated place
in southern parts of Sindh. Apart from the above system, two strong weather
systems influenced the northern parts of the country during first and last four days
of March 2003. Under their influence, heavy to very heavy rains occurred at a
number of places in northern parts of the country.
Fogy weather prevailed over Punjab and adjoining areas during a number of days
in January and February 2003. In January, fog-phenomenon was the major factor
causing disruption in road, train and air traveling activities. Under the influence of
thick fog several train and road accidents occurred resulting in many casualties.
Schedule of many domestic and international flights were affected due to poor
visibility caused by thick fog.

Seasonal Rainfall (January – March):
Seasonal rainfall in 56 meteorological observing stations was in large excess in 20,
moderate excess in 9, slight excess in 1, normal in 8, slight deficit in 6, moderate
deficit in 7 and in large deficit in 5.
Rainfall was in large excess in Gupis, Gilgit, Bunji, Chilas, Kotli, Kakul, Kohat,
Peshawar, Risalpur, Jhelum, Sialkot, Mianwali, Sargodha, Faisalabad, Shorekot
(Rafiqui), Lahore (PBO), Lahore (A/P), Khanpur and Chhor, in moderate excess in
Muzaffarabad, Garhi Dupatta, Drosh, Balakot, Chaklala, Murree, Bahawalnagar,
Dalbandin and Badin, in slight excess in Parachinar. Normal in Chitral, Dir, Saidu
Sharif, Cherat, Multan, Kalat, Jacobabad and Karachi (Airport), in slight deficit in
D.I.Khan, Quetta, Zhob, Barkhan, Pasni and Moenjodaro, in moderate deficit in
Skardu, Astor, Bahawalpur, Sibbi, Khuzdar, Jiwani, Padidan and it was in large
deficit in Nokkundi, Panjgur, Rohri, Nawabshah and Karachi (Masroor). 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
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Monthly Features:
January 2003
Commencement of Northeast Monsoon Rains:
Northeast monsoon rains commenced over Balochistan on 18th and rest of the
country on 26th January, about 17 days later than the expected date i.e.1
January.
Storm / Depression:
Nil
Weather and associated synoptic features:
Table 2 gives details of synoptic features for the month of January 2003.
A low formed over southeast Iran and adjoining areas on 15th morning, with
its trough extending upto West Balochistan. The low persisted over there for
three days and then moved east/southeastwards and lay over West Balochistan
and adjoining areas on 18, system causing rains over Quetta and Makran
division. A Western disturbance moved across the country during 26 to 31 and
caused rains over Pakistan.
No heavy rainfall amount recorded in the month of January 2003
Monthly Rainfall:
Monthly rainfall was in large excess in 6, moderate excess in 2, normal in 4,
slight deficit in 6, moderate deficit in 5 and large deficit in 33 Meteorological
observing stations.
Rainfall was in large excess in Kohat, Pasni Dalbandin, Jiwani, Padidan and
Chhor, moderate excess in Peshawar and Sargodha, normal in Jhelum,
Moenjodaro, Karachi (Airport) and Karachi (Masroor), slight deficit in
Risalpur, Cherat, Chaklala, Sibbi, Kalat and Khuzdar, moderate deficit in
D.I.Khan, Mianwali, Shorekot (Rafiqui), Quetta, and Zhob, large deficit in
Gupis, Gilgit, Skardu, Bunji, Chilas, Astor, Muzaffarabad, Garhi Dupatta,
Kotli, Parachinar, Chitral, Dir, Drosh, Saidu Sharif, Kakul, Balakot, Murree,
Sialkot, Faisalabad, Lahore(PBO), Lahore(A/P),
Multan, Bahawalpur
Bahawalnagar, Khanpur, Nokkundi, Barkhan, Panjgur, Jacobabad, Rohri,
Nawabshah, Hyderabad, and Badin. The principal amounts of rainfall (mm)
during the month are given in Table-5
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TABLE 1
Station wise rainfall(mm) for each month and season as a whole (January -March 2003)
January

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Gupis
Gilgit
Skardu
Bunji
Chilas
Astor
Muzaffarabad
Garhi Dupatta
Kotli
Parachinar
Chitral
Dir
Drosh
Saidu Sharif
Kakul
Balakot
Kohat
Peshawar
Risalpur
Cherat
D.I.Khan
Chaklala
Murree
Jhelum
Sialkot

February

March

Season

Actual

Normal

Dep %

Actual

Normal

Dep%

Actual

Normal

Dep%

Actual

Normal

Dep%

(mm)

(mm)

(mm)

(mm)

(mm)

(mm)

(mm)

(mm)

(mm)

(mm)

(mm)

(mm)

0
0
0
0
0
2
31
29
27
19
7
25
4
32
31
23
46
33
28
30
5
42
48
34
11

5
4
21
4
8
35
94
96
76
43
37
111
42
76
65
95
25
26
35
36
10
56
127
34
39

-100
-100
-100
-100
-100
-94
-67
-70
-64
-56
-81
-77
-90
-58
-52
-76
84
27
-20
-17
-50
-25
-62
0
-72

37
33
20
47
74
64
357
404
333
138
103
251
104
217
282
324
135
131
173
66
35
173
400
171
165

7
6
24
6
13
49
135
151
99
74
63
173
68
103
114
153
42
43
53
67
17
73
145
50
44

429
450
-17
683
469
31
164
167
236
86
63
45
53
111
147
112
221
205
226
-1
106
137
176
242
275

45
19
38
28
35
35
179
172
348
117
103
198
174
140
199
227
103
66
91
139
8
110
177
43
71

9
13
40
16
30
83
157
184
119
121
107
242
113
180
142
187
86
78
80
111
35
90
177
61
55

400
46
-5
75
17
-58
14
-7
192
-3
-4
-18
54
-22
40
21
20
-15
14
25
-77
22
0
-29
29

82
52
58
75
109
101
567
606
707
274
213
474
282
389
511
575
283
231
292
235
48
325
626
248
247

21
23
86
26
51
167
386
431
294
238
207
526
223
359
321
435
153
147
168
214
62
219
449
145
138

290
126
-32
188
114
-39
47
41
140
15
3
-10
26
8
59
32
85
57
74
10
-23
48
39
71
79
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26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

Mianwali
Sargodha
Faisalabad
Shorekot
Lahore(P.B.O)
Lahore(A/P)
Multan
Bahawalpur
Bahawalnagar
Khanpur
Quetta
Dalbandin
Nokkundi
Zhob
Barkhan
Sibbi
Kalat
Khuzdar
Panjgur
Pasni
Jiwani
Moenjodaro
Jacobabad
Rohri
Nawabshah
Padidan
Hyderabad
Badin
Chhor
Karachi(A/P)
Karachi(Masroor)

15
18
0
4
1
1
3
0
0
0
35
36
0
11
1
6
21
15
0
45
47
0
0
0
0
3
0
0
2
6
4
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24
13
11
7
23
21
7
6
4
4
57
16
11
18
16
7
24
18
16
19
27
0
3
3
2
1
1
1
1
6
4

-37
37
-100
-43
-96
-95
-57
-100
-100
-100
-39
125
-100
-39
-94
-14
-13
-17
-100
137
74
0
-100
-100
-100
200
-100
-100
100
0
0

41
89
84
61
104
124
27
19
51
23
95
2
3
45
6
17
38
15
8
0
0
4
19
5
0
3
106
10
19
22
1

24
23
20
12
29
29
9
11
16
5
49
18
8
26
21
10
27
24
16
19
33
5
7
8
2
5
4
4
2
10
6

71
287
320
408
259
327
200
73
219
360
94
-89
-63
73
-71
70
41
-37
-50
-100
-100
-20
171
-37
-100
-40
255
150
850
120
-83

115
37
55
44
60
57
5
1
0
0
10
35
5
24
55
4
21
18
6
0
0
2
2
0
0
0
0
0
0
0
0

57
35
26
25
41
43
19
9
15
6
55
19
8
48
33
25
25
29
16
14
10
2
10
6
3
5
5
2
5
12
8

102
6
111
76
46
33
-74
-89
-100
-100
-82
84
-37
-50
67
-84
-16
-38
-63
-100
-100
0
-80
-100
-100
-100
-100
-100
-100
-100
-100

171
144
189
109
164
183
35
20
51
23
140
73
8
80
62
27
80
48
14
45
47
6
21
5
0
6
106
10
21
28
5

105
71
57
44
93
93
35
26
35
15
161
53
27
92
70
42
76
71
48
52
70
7
20
17
7
11
10
7
8
28
18

63
103
231
148
77
96
0
-23
46
53
-13
38
-70
-13
-11
-36
5
-32
-71
-13
-33
-14
5
-71
-100
-45
960
43
163
0
-72
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TABLE 2
Details of the weather systems during January 2003
S.No

System

Period

(1)

(2)

(3)

Place of the first
location

Direction of
Movement

(4)

(5)

Place of final
location
(6)

Remarks
(7)

(A) Low pressure area
1

Low
pressure
area

17- 19

Southeast Iran and
adjoining West
Balochistan

Eastwards

Balochistan
and adjoining
areas

Became lessmarked on 20

2

Do

18- 20

Upper NWFP

Eastwards

Kashmir

Became less
marked on 21

3

Do

20-23

Do

Do

South Punjab
and adjoining
areas

Became lessmarked on 24

4

Do

24-27

Balochistan and
adjoining areas

Southeastwards

Southeast
Sindh

Moved away
eastwards

Eastwards

Eastern Sindh
and adjoining
northwest
Rajasthan

Became lessmarked on 1 Feb.

5

Do

28-31

Do

64

Pakistan Journal of Meteorology

vol. 1 Issue:1 (Jan – March 2004)

Western disturbances/eastward moving systems
1

Low
pressure
area

1-4

Southeast Iran and
adjoining areas

Eastwards

Upper NWFP
and adjoining
Kashmir

Moved away east
northeastwards
on 5

2

Mid
troposher
ic level

5-8

Southeast Iran and
adjoining Balochistan

Northeastwards

Kashmir and
adjoining areas

Moved away
northeastwards
on 9

3

Low
pressure
area

28-31

North Punjab and
adjoining areas

Northeastwards

Kashmir and
adjoining areas

Moved away
northeastwards
on 1 Feb.
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Temperature
Cold wave conditions prevailed on 10 days in FATA and on 1 day each in
some parts of Hazara and Lahore divisions. Night temperatures were
appreciably to markedly below normal on 10 to 12 days in some parts of
FATA and Mirpurkhas division, on 4 to 7 days in Malakand, D.I.Khan and
Rawalpindi divisions and on 1 to 2 days in Peshawar, Hazara, Gujranwala,
Sargodha, Faisalabad, Multan, Mekran and Hyderabad divisions. They were
appreciably to markedly above normal on 6 to 9 days in some parts of
Peshawar, Multan, Quetta, and Mekran divisions, on 3 to 5 days in Lahore,
Rawalpindi, Sargodha, Faisalabad, Sukkur, Larkana, Karachi and Hyderabad
divisions and on 1 to 2 days in D.I.Khan, Malakand, Hazara, Bahawalpur,
Mirpurkhas, and Sibbi divisions. They were considerably above normal on 1 to
3 days in some parts of Bahawalpur, Sibbi, Mekran, Mirpurkhas, Karachi and
Hyderabad divisions. They were generally normal or slightly below to above
normal over the rest of the country on the remaining days.
The month’s lowest minimum temperature in the plains of the country was –
1.5 0C recorded at Kamra (Rawalpindi division) on 11 January 2003.
Day temperatures were considerably above normal on 3 to 6 days in some
parts of Malakand and Hazara divisions, on 1 day each in Drosh, Rawalpindi,
Gujranwala, Quetta, and Zhob divisions. They were appreciably to markedly
above normal on 10 to 16 days in some parts of FATA, Malakand, Hazara,
Peshawar, Zhob, Mekran, Quetta, Sibbi and Sukkur, divisions, on 5 to 9 days
in Rawalpindi, Karachi, Larkana and Hyderabad divisions and 1 to 4 days in
D.I.Khan, Gujranwala, Bahawalpur and Mirpurkhas divisions. They were
appreciably to markedly below normal on 8 to 12 days in some parts of
Rawalpindi, Gujranwala, Lahore and Faisalabad divisions, on 4 to 6 days in
D.I.Khan, Sargodha and Multan divisions, on 1 to 3 days in FATA, Hazara,
Peshawar, Sialkot, Jhelum, Bahawalpur, Zhob, Sukkur and Hyderabad
divisions.
They were considerably below normal on 4 to 6 days in Gujranwala,
Faisalabad, Lahore, and Sargodha, divisions, on 1 to 3 days in Sialkot,
D.I.Khan, Rawalpindi, Multan, Malakand and Kohat divisions. They were
generally normal to slightly above to below normal over the rest of the country
on the remaining days.
The month’s highest maximum temperature in the plains of the country was
32.50 C recorded at Lasbella (Kalat division) and Chhor (Mirpurkhas division)
on 24 January 2003.
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Disastrous weather events and associated damage
No such major report appeared in the national press during this month.
February 2003
Storm/depressions
Nil.
Weather and associated synoptic features:Details of synoptic features for the month of February 2003 are given in
Table 3.
Under the influences of low-pressure areas over northern parts of Pakistan on 1
& 2 and again on 7 & 8, a good amount of rain occurred over the NWFP,
northern areas of the Punjab and Kashmir. A low-pressure system formed over
southeast Iran on 14 with its trough extending to West Balochistan. Next day
system moved east/southeastwards and located as a well-marked low-pressure
area over Balochistan and neighborhood. This occurred under the influence of
a deep westerly trough developed over mid tropospheric level. The system
moved slowly across the country during the period from 17 to 19 and caused
heavy to very heavy rains in various divisions of Pakistan.
Principal amounts of rainfall (mm) are: 17 Feb

Garhi Dupatta 61, Quetta 54, Malam Jabba 52, Muzaffarabad 49,
Peshawar & Murree 46 each and Kamra 44.

18 Feb

Malam Jabba 140, Kamra 132, Murree 122, Muzaffarabad 114,
Balakot 113, Kakul 104, Saidu Sharif 99, Dir 98, Risalpur 85,
Hyderabad 71, Mandi Bahauddin 67, Drosh 59, Kotli & Jhelum 56
each, Peshawar 55 and Kohat 45.

19 Feb

Murree 121, Muzaffarabad and Jhelum 93 each, Kakul 89, Balakot
84, Sialkot 83, Malam Jabba 72, Mandi Bahauddin 65, Lahore
(A/P) 63 and Lahore (PBO) and Kalam 56 each and Islamabad 55.

A westerly low-pressure area continued to persist over northern parts of the
country during the period from 23 to 28 and caused rains in the NWFP, Punjab
and Kashmir.
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Monthly rainfall
Monthly rainfall was in large excess in 39, moderate excess in 3, normal in 1,
slight deficit in 2, moderate deficit in 4 and large deficit in 7 Meteorological
observing stations.
Rainfall was in large excess in Gupis, Gilgit, Bunji, Chilas, Muzaffarabad,
Garhi Dupatta, Kotli, Parachinar, Chitral, Drosh, Saidu Sharif, Kakul, Balakot,
Kohat, Peshawar, Risalpur, D.I.Khan, Chaklala, Murree, Jhelum, Sialkot,
Mianwali, Sargodha, Faisalabad, Shorekot (Rafiqui), Lahore (PBO), Lahore
(A/P), Multan, Bahawalpur, Bahawalnagar, Khanpur, Quetta, Zhob, Sibbi,
Jacobabad, Hyderabad, Badin, Chhor, and Karachi (Airport), moderate excess
in Astor, Dir and Kalat, normal in Cherat, Slight deficit in Skardu and
Moenjodaro, moderate deficit in Khuzdar, Panjgur, Rohri and Padidan, large
deficit in Dalbandin, Nokkundi, Barkhan, Pasni, Jiwani, Nawabshah and
Karachi(Masroor). The significant amounts of
rainfall (mm) during the month are given in Table 5.
Temperature
Cold wave condition prevailed on 2 days in FATA and on 1 day in
Faisalabad division. Night temperatures were appreciably to markedly below
normal on 6 to 8 days in some parts of FATA, Hazara and Rawalpindi
divisions and on 1 to 3 days in D.I.Khan, Gujranwala, Quetta, Sukkur,
Hyderabad and Mirpurkhas divisions. They were appreciably to markedly
above normal on 9 to 13 days in some parts of Lahore, Bahawalpur, Multan,
Sukkur, Larkana, Hyderabad, Karachi, Quetta and Mekran divisions, on 5 to 8
days in some parts of Rawalpindi, Faisalabad, Sibbi and Mirpurkhas divisions
and on 1 to 2 days in FATA, Peshawar, Sargodha and Gujranwala divisions.
They were considerably above normal on 4 to 6 days in Quetta, Mekran and
Karachi divisions and on 1 day each on Rawalpindi, Hyderabad and
Mirpurkhas divisions. They were generally normal or slightly below to above
normal over the rest of the counter on the remaining days.
The month’s lowest minimum temperature in the plains of the country was
0.30 C recorded at Nokkundi (Quetta division) on 19 February 2003.
Day temperatures were considerably above normal on 2 to 4 days in
Bahawalpur, Sukkur, Larkana and Sibbi divisions, on 1 day each on Malakand,
Quetta, Zhob, Mekran, Hyderabad and Mirpurkhas divisions. They were
appreciably to markedly above normal on 15 to 18 days in some parts of
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Quetta and Mekran divisions, on 7 to 9 days in Peshawar, Rawalpindi,
Faisalabad, Zhob and Mirpurkhas divisions, on 4 to 6 days in Malakand,
Hazara, D.I.Khan, Gujranwala, Sargodha, Multan, Sukkur, Sibbi, Karachi and
Hyderabad divisions, on 1 to 3 days in FATA, Lahore, Bahawalpur and
Larkana divisions. They were appreciably to markedly below normal on 4 to 7
days in some parts of Hazara, Rawalpindi, Bahawalpur, Multan, Sibbi, Sukkur
and Hyderabad divisions, on 1 to 2 days in Fata, Malakand, Peshawar,
D.I.Khan, Lahore, Sargodha, Gujranwala, Faisalabad, Quetta, Mekran,
Larkana, Mirpurkhas and Karachi divisions. They were considerably below
normal on 2 to 3 days in some parts of Hazara and Rawalpindi divisions, on 1
day each in FATA, Peshawar, D.I.Khan Gujranwala, Bahawalpur, Multan,
Quetta, Mekran, Larkana, Sukkur and Mirpurkhas divisions.
The month’s highest maximum temperature in the plains of country was
38.50C recorded at Padidan (Sukkur division) on 28 February 2003.
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TABLE 3
Details of the weather system during February 2003
S. No

System

Period

(1)

(2)

(3)

Place of first
location
(4)

Direction of
movement
(5)

Place of
final
location
(6)

Remarks
(7)

Low pressure area
1

2

Low pressure area

Do

1-2

NWFP and
adjoining areas

Eastwards

Kashmir

Moved away
eastwards on 3

6-7

North
Balochistan and
adjoining areas

Southeastwards

South
Punjab and
adjoining
areas

Became lessmarked on 8

Eastwards

Eastern
Sindh

Moved away
southeastwards
on 1 March

Northeastwards

Kashmir

Moved away
northeastwards
on 1 March

Initially
East/southeastward
s and then
northeastwards

Kashmir

Moved away
northeastwards
on 22

3

Do

22-28

Southeast Iran
and adjoining
West
Balochistan

4

Do

24-28

Punjab and
adjoining areas

Western disturbances/eastward moving systems
1

Low pressure area
with induced cyclonic
circulation upto midtropospheric level

14-21

Southeast Iran
and adjoining
West
Balochistan
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Disastrous weather events and associated damage
According to press reports, torrential rain and heavy snowfall over hills
claimed 22 lives and left more than 70 persons injured in different parts of the
country. A number of buildings and several poultry farms were also damaged
badly due to the effect of violent windstorm near Karachi.
March 2003:
Storm / Depression
Nil.
Weather and Associated Synoptic Features:Table 4 gives the details of synoptic features for the month of March 2003.
A low-pressure area formed over Balochistan on 1 caused some rains over
there and moved to South Punjab on 2. Another low formed over Kashmir on 1
with its trough extending to northern areas of the Punjab and neighborhood.
These systems were extended upto mid tropospheric level. Heavy to very
heavy rain occurred at many places in Kashmir, northern areas of the Punjab
and at a few places in the upper NWFP on 2 and at isolated place in Kashmir
on 3.
Principle amounts of rainfall (mm) are:2 Mar

Kotli 168, Mianwali 93, Murree 84, Chaklala 76, Islamabad 72,
Kamra 65, Balakot 55, Garhi Dupatta 53, Muzaffarabad 51, Kakul
48 and Barkhan 44.

3 Mar

Kotli 68

A low pressure area formed over the NWFP and adjoining areas on 9 which
next day moved eastwards and lay over Kashmir and adjoining northern areas
of the Punjab and persisted over there for two days and caused rains at many
places in Kashmir, Upper NWFP, at a few places in sub montane areas of the
Punjab and at an isolated place in northeast Balochistan. Two westerly lowpressure systems persisted over the NWFP and adjoining Kashmir from 14 to
16 and 22 to 26. Systems caused rains at many places in the Upper NWFP,
Kashmir and at few places in northern areas of the Punjab. During the period
22 to 26 , a low was formed over East Iran on 22, after two days it moved to
southeastwards and lay over Balochistan, it then slowly moved across southern
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areas of the Punjab and adjoining Upper Sindh on 25, caused rains at a few
places in Balochistan and Upper Sindh. A low was located North of
Afghanistan on 27, next day it moved eastwards and lay over the Upper
NWFP, its trough was extended southwards and became well marked under
the influence of a deep westerly trough extended upto mid-troposheric level.
The system persisted over there for 5 days and then moved eastwards.
Widespread rains occurred in Kashmir, NWFP and Punjab and at few places in
Balochistan and Sindh.
Principal amounts of rainfall (mm) are: 29 Mar

Cherat 90, Kalam 75, Malam Jabba & Kakul 73 each, Balakot 64,
Muzaffarabad 62, Garhi Dupatta 56, Saidu Sharif 54 and Risalpur
52.

Monthly rainfall
Monthly rainfall was in large excess in 9, moderate excess in 5, slight excess
in 7, normal in 7, slight deficit in 4, moderate deficit in 4 and large deficit in
20.
Rainfall was in large excess in Gupis, Bunji, Kotli, Drosh, Mianwali,
Faisalabad, Shorekot (Rafiqui), Dalbandin, and Barkhan, moderate excess in
Gilgit, Kakul, Sialkot, Lahore (PBO) and Lahore (A/P), slight excess in Chilas,
Muzaffarabad, Balakot, Kohat, Risalpur, Cherat and Chaklala, normal in
Skardu, Garhi Dupatta, Parachinar, Chitral, Murree, Sargodha and
Moenjodaro, slight deficit in Dir, Peshawar, Saidu Sharif and Kalat, moderate
deficit in Jhelum, Nokkundi, Zhob and Khuzdar, large deficit in Astor,
D.I.Khan, Multan, Bahawalpur, Bahawalnagar, Khanpur, Quetta, Sibbi,
Panjgur, Pasni, Jiwani, Jacobabad, Rohri, Nawabshah, Padidan, Hyderabad,
Badin, Chhor, Karachi(A/P) and Karachi(Masroor). The significant amounts of
rainfall (mm) during the month are given in Table 5.
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TABLE 4
Details of weather system during March 2003
S.No

System

Period

(1)
(2)
(A) Low pressure area

Place of first location

(3)

1

Low pressure area

1-2

2

Do

9-10

3

Do

14-15

4

Do

5

(4)

Balochistan and adjoining
areas

Direction of
movement
(5)

Eastwards

Place of final
location
(6)
South Punjab
and adjoining
northeast
Rajasthan
Rajasthan and
adjoining areas

Upper Sindh and adjoining
areas
Southeast Iran and adjoining
areas

Southeastward
s

Do

18-21

Do

Do

Balochistan

Do

22-25

East Iran and adjoining areas

Southeastward
s

6

Do

27-29

Balochistan and adjoining
areas

Do

7

Do

29-31

Southeast Iran and adjoining
areas

Do

Do

South Punjab
and adjoining
Upper Sindh
Upper Sindh
and adjoining
areas
Balochistan

Remarks
(7)

Moved away
eastwards on 3
Became lessmarked on 11
Became lessmarked on 16
Became less
marked on 22
Became less
marked on 26
Moved away
eastwards on
30
Became lessmarked on 1
April
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(B) Western disturbances/eastward moving systems
Low pressure area with
Upper NWFP and adjoining
cyclonic circulation
1-4
1
upto mid tropo-spheric
North Punjab
level

Eastwards

Kashmir and
adjoining areas

2

Low pressure area

9-11

NWFP and adjoining North
Punjab

Do

Do

3

Do

14-16

North of Afghanistan

Eastsoutheastwards

Do

4

Do

18-20

Do

Do

Do

5

Do

22-26

Northeast Afghanistan and
adjoining NWFP

Eastwards

Do

6

Low pressure area with
cyclonic circulation
upto lower tropospheric level

27-31

North of Afghanistan

Southeastward
s

Do

Moved away
eastwards on 5
Moved away
east northeastwards on 12
Moved away
eastnortheastwards on 17
Moved away
east northeastwards
Moved away
east northeastwards on 27
Moved away
northeastwards on 1
April
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Temperature
Cold wave conditions prevailed on 2 to 4 days in some parts of Hazara, Quetta
and Mirpurkhas divisions, on 1 day each in Malakand, Rawalpindi, Mekran
and Sukkur divisions. Night temperatures were appreciably to markedly below
normal on 8 to 12 days in some parts of FATA and Rawalpindi division, on 4
to 6 days in D.I.Khan, Bahawalpur, Multan, Sibbi, Mekran and Sukkur
divisions, on 1 to 3 days in Hazara, Malakand, Gujranwala, Faisalabad, Quetta,
Larkana, Mirpurkhas, Hyderabad, and Karachi divisions. They were
appreciably to markedly above normal on 8 to 13 days in some parts of
Lahore, Sibbi, Mekran and Karachi divisions, on 4 to 7 days in Rawalpindi,
Faisalabad, Bahawalpur, Larkana, Sukkur and Mirpurkhas divisions, on 1 to 3
days in Hazara, Multan, Quetta, Kalat and Hyderabad divisions. They were
considerably above normal on 2 to 3 days in some parts of Quetta and Mekran
divisions. They were generally normal to slightly below to above normal over
the rest of the country on the remaining days.
The month’s lowest minimum temperature in the plains of the country was
0.00C recorded at Nokkundi (Quetta division) on 3 March 2003.
Day temperatures were considerably above normal on 1 day in some parts of
Mekran division. They were appreciably to markedly above normal on 9 to 11
days in some parts of Quetta and Karachi divisions, on 4 to 7 days in
Malakand, Rawalpindi, Kalat, and Sukkur divisions, on 1 to 3 days in FATA,
Bahawalpur, Zhob, Sibbi, Mekran, Larkana and Mirpurkhas divisions. They
were appreciably to markedly below normal on 3 to 5 days in some parts of
Malakand, D.I.Khan, Gujranwala, Lahore, Faisalabad, Multan, Bahawalpur,
Quetta, Zhob, Larkana, Sukkur, Hyderabad and Mirpurkhas divisions, on 1 to
2 days in FATA, Hazara, Rawalpindi, Sibbi, Mekran and Karachi divisions.
They were considerably below normal on 1 to 2 days in Hazara, D.I.Khan,
Rawalpindi, Gujranwala, Lahore, Jhelum, Bahawalpur, Quetta, Zhob, Sibbi,
Mekran and Sukkur divisions. They were generally normal or slightly above to
below normal over the rest of the country on the remaining days.
The month’s highest maximum temperature in the plains of the country was
40.40C recorded at Chhor (Mirpurkhas division) on 26 March 2003.
Disastrous weather and associated damage.
No such report appeared in the national press during this month.
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Table 5
Principal amounts of rainfall (30 mm and above)
Date

January

February

March

(1)

(2)

(3)

(4)

1

Nil

Nil

Lahore (PBO) 39 & Lahore (A/P) 35

2

Nil

Murree 38

3

Nil

Nil

Kotli 168, Mianwali 93, Murree 84, Chaklala
76, Islamabad 72, Kamra 65, Balakot 55, Garhi
Dupatta 53, Kakul 48, Barkhan 44, Jhelum 35,
Dir & Malam Jabba 31 each
Kotli 68, Drosh 42 & Sialkot 34

4

Nil

Nil

Kotli 59 & Malam Jabba 31

5

Nil

Nil

Nil

6

Nil

Nil

Nil

7

Nil

Nil

Nil

8

Nil

Nil

Nil

9

Nil

Nil

Nil

10

Nil

Nil

Kalam 37

11

Nil

Nil

Nil

12

Nil

Nil

Nil

13

Nil

Nil

Nil

14

Nil

Nil

Nil

15

Nil

Nil

Kalam 42, Dir 35 & Drosh 33
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Date

January

February

March

(1)

(2)

(3)

(4)

16

Nil

Nil

Nil

17

Nil

18

Nil

19

Pasni 37

20

Nil

Garhi Dupatta 61, Malam Jabba 52,
Muzaffarabad 49, Peshawar 46, Murree
45, Kalam, Saidu Sharif, Kamra &
Islamabad 43 each, Balakot 41, Dir &
Chaklala 40 each, Kotli, Parachinar &
Kakul 32 each & Risalpur 31
Malam Jabba 140, Kamra 132, , Murree
122, Muzaffarabad 114, Kakul 104, Dir &
Saidu Sharif 98 each, Risalpur 85, Mandi
Bahauddin 67, Islamabad 61, Drosh 59,
Kotli & Jhelum 56 each, Peshawar 55,
Kohat 45, Lahore (A/P) 42, Sialkot 40,
Parachinar & Faisalabad 37 each &
Bahawalnagar 36
Murree 121, Muzaffarabad & Jhelum 93
each, Kakul 89, Balakot 84, Sialkot 83,
Malam Jabba 72, Mandi Bahauddin 65,
Lahore (A\P) 63, Kalam & Lahore (PBO)
56 each, Islamabad 55, Chaklala 48,
Chilas 43, Kamra 37 & Faisalabad 34
Kalam 43, Sialkot 36 & Kamra 34

21

Nil

Nil

Nil

22

Nil

Nil

Nil

Nil

Nil

Nil
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Date

January

February

March

(1)

(2)

(3)

(4)

23

Nil

Nil

Nil

24

Nil

Nil

Nil

25

Nil

Lasbella 34

Kalam 35

26

Nil

Nil

Nil

27

Nil

Nil

Nil

28

Nil

Kohat 36

29

Nil

Nil

Dalbandin 35
Cherat 90, Kalam 75, Malam Jabba & Kakul 73
each, Balakot 64, Muzaffarabad 62, Garhi
Dupatta 56, Saidu Sharif 54, Risalpur 52, Kamra
42, Murree 39 & Kohat 33

30

Kohat 41,
Peshawar 32
Chaklala 39 &
Islamabad 33

31

Nil

Kalam 35 & Malam Jabba 31

Nil

Nil
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Fig 2
79

Pakistan Journal of Meteorology

vol. 1 Issue:1 (Jan – March 2004)
APPENDIX

Definition of the terms given in ‘Italics’
Rainfall

Temperature

Large excess

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

Cold wave

Departure of minimum temperature
form -8° C or less

Moderate excess

Percentage Departure from normal rainfall
is + 26% to + 50%

Markedly below normal

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

Slight excess

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

Appreciably below
normal

Departure of temperature form
normal is between -4° C to -5° C.

Normal

Percentage departure from normal rainfall is
– 10% to + 10%

Slightly below normal

Departure of temperature form
normal is between -2° C to -3° C.

Slight deficit

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

Normal

Departure of temperature form
normal is between -1° C to +1° C.

Moderate deficit

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

Slightly above normal

Departure of temperature form
normal is between +2° C to +3° C.

Large deficit

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

Appreciably above
Normal

Departure of temperature form
normal is between +4° C to +5° C.

Heavy deficit

Rainfall amount is from 44.5 mm to 88.9
mm in 24 hours

Markedly above normal

Departure of temperature form
normal is between +6° C to +7° C.

Very heavy rainfall

Rainfall amount is 89.0 mm or more in 24
hours.

Considerably above
normal

Departure of temperature form
normal is +8° C or more.
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