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Abstract. In this paper an attempt is made to analyze the correlation between temperature increase and
earthquake frequency in the Northern Pakistan. The temperature data consists of decadal (1961-2000) and
five year (2001-2005) averages for Gilgit, Sakardu, Chitral and Islamabad based observatories. The seismic
data is of duration between 1961 and 2004.The study shows that frequency of shallow (0-80km) and
intermediate (81-300km) earthquakes for magnitude 3-3.9 show gradual increase during the study period that
can be correlated with temperature. On the other hand, the earthquake frequencies for magnitude 4-4.9
exhibit a net increase. During the period 2001 to 2005, the shallow earthquakes for magnitude 3-3.9 and 4-
4.9 show sudden jumps in their frequencies for the month of November and the earthquakes of intermediate
level (81-300km) for magnitude 3-3.9 show their highest peaks in the month of September and February. As
the maximum values for average earthquake frequencies are mostly observed in the cold months, so the
temperature also shows an increasing trend in the winter period.
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1. Introduction

The Global warming is becoming very much hazardous to life. This is not only changing our world’s
climate and economy but, it is also causing direct and indirect changes on and within the surface of the Earth.
This effect is very much threatening for Northern zone of Pakistan which has glaciers spreading over a vast
area (Fig. 1). Tectonically, this area is marked with numerous active faults (Fig. 2) [1]. Due to these faults,
this zone is seismologically very active and experience frequent earthquakes than any where else in Pakistan.
It is also affected by Global Warming, causing receding of glaciers. These glaciers weigh billions of tons
which on melting can cause the crust of Northern areas to relax and rebound. As wasting ice sheets and caps
unload the solid Earth, stresses released can both deform the Earth surface [2] and decompress the Earth’s
mantle [3].

All over the world, the last twenty years data shows a noticeable increase in the number of earthquakes
per year. This is because of tremendous increase in number of seismograph stations and the improved global
communications [4].

In Northern areas of Pakistan, the analytical tools such as source, stations and seismographs have
remained the same from 1961 to 2005 and the data collected in this period shows increase in earthquake
frequency. According to this study one of the main factors for increase in earthquake frequency can be the
temperature. Increase of temperature is causing glaciers to melt thus releasing pressure on Earth below which
in turn possibly rebounds, causing earthquakes [5].

In the Northern Pakistan the depth affected by enhanced earthquake frequency in correlation with
temperature is probably no more than 160km [6].
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An increase in average annual mean surface temperature by 0.6°C % 0.2 °C between 1860 and 2000 and
a decrease of 10% of snow cover in northern hemisphere since late 1960s has been reported [7]. It has been
also predicted that the Himalayan glaciers will disappear within 40 years causing drastic changes in river
flow and sever water shortages [8,9].

Figure 1. Map showing study area (bounded by blue line) with snow cover. The palace marks show the observatory
locations.(Modified Google image)
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Figure 2. Seismotectonic map showing the locations of Yasin (YSN) and Hamran (HSZ) Seismic zones and Faults in
the study aea. [1] UHF=Upper Hunza Fault, RF=Reshun Fault, MKT=Main. Karakoram Thrust, MMT=Main Mantle
Thrust, NF=Noushera Fault,. KF=Kund Fault, AF=Attock Fault, IF=Indus Fautlt, MBT=Main Boundary Thrust

A few larger glaciers are expanding in the Karakoram and adjacent areas [10,11], however, reports also
indicate that may glaciers are still losing mass [12,13]. Since 1840 most of the Himalayan glaciers have
retreated more than 1200 m [14].

The annual melt water of 135 million m® for Hinarche Glacier in Bagrot Valley shows the magnitude of
glacier runoff in such environments [15]. These differences are considered to be the result of changing trends
of higher temperatures in winters and lower temperatures in summers since 1960s [16, 17]. The earth’s
climate model projections suggest that global surface air temperature will considerably increase in future due
to radiative effects of atmospheric gases [18].

2. Material and Methods
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The data used in this study contains decadal average temperatures of the period from 1961 to 2000 and a
five year averages recorded from 2001 to 2005. The temperature data of Chitral observatory starts from 1971.
The duration of seismic data, used in this study, is 1961 to 2004. The temperature and seismic data are
provided by Pakistan Meteorological Department (PMD).

2.1 Selection of Study Area and Study Duration

The Northern Areas of Pakistan have been selected for this study because of abundant varied sized
glaciers and active faults. The effects of temperature increase have been studied form 1961 to 2004. During
the study period there has been no advancement in seismographs and no new seismic stations have been
developed by PMD.

2.2 Temperature Study

A network of four observatories has been used (Fig. 1). The study of temperature was done by
calculating the decadal and five yearly variations of average temperature during the period 1961 to 2005.
2.3 Seismological Study

The seismic data of the study area for the selected time duration was used to calculate the average
earthquake frequencies. The magnitude wise study is made in detail to observe the variation in earthquake
frequency in shallow (0-80km) and intermediate (81-300km) depth zones for various magnitudes. The
magnitudes < 3 and > 5.9 and deep earthquakes 300km < are not considered as they do not show any
significant correlation with temperature increase.

Table 1. Average monthly temperature values and increase for the period 1961-2004.

o Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ave. Temp. in 'C
Duratio
1961-70 3.32 6.43 11.85 16.6 20.59 25.62 27.27 26.39 23.06 16.97 9.94 4.58 16.05
1971-80 3.65 5.53 11.06 17.26 20.99 26.18 273 26.24 22.45 16.91 10.53 5.55 16.14
1981-90 4.05 6.11 11.21 16.75 21.35 25.21 27.14 | 2637 22.69 16.45 10.54 5.65 16.13
1991-00 3.79 6.49 11.08 16.77 21.25 25.27 27.08 26.21 22.98 16.7 10.93 6.41 16.25
2001-05 4.84 7.26 12.97 17.37 21.37 25.55 27.06 26 22.27 16.74 10.92 6.55 16.57

Table 2. Number and frequency of earthquakes for various magnitudes during the period 1961-2004.

3-3.9 (Magnitude) 4-4.9 (Magnitude) 5-5.9 (Magnitude) Cumulative
Shallow (AF) Intermed. | Shallow(AF) | Intermed. | Shallow(AF) | Intermed. Avg. Freq.
0-80 km 81-300 km 0-80 km 81-300 km 0-80 km 81-300 km
1961-70 0 0.2 1.5 1.8 0.7 0.1 4.5 (43)
1971-80 0 1.3 6.1 2.3 0.2 0.1 12(10)
1981-90 1.5 5 8.9 6.7 0.8 0.3 23.2 ok
1991-00 6.7 16 7 6.1 0.4 0.4 37.1 (36.6)
2001-04 31 22.75 23 7.5 1.75 0.5 86.5 ok
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Figure 3. Shows the month wise variations in the temperature of study area
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Figure 4. Shows average earthquake frequency of shallow level (0-80km) earthquakes for magnitude 3-3.9
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Figure 5. Shows average earthquake frequency of intermediate level (81-300km) earthquakes for magnitude 3-3.9
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Figure 6. Shows average earthquake frequency of shallow level (0-80km) earthquakes for magnitude 4-4.9

3. Results and Discussion

In Northern areas of Pakistan, the analytical tools such as source, stations and seismographs have
remained the same from 1961 to 2005 and the data collected in this period shows increase in earthquake
frequency. According to this study one of the main factors for increase in earthquake frequency can be the
temperature. Increase of temperature is causing glaciers to melt thus releasing pressure on Earth below which
in turn possibly rebounds, causing earthquakes [5]. In the upper Indus basin, there is trend towards higher
winter temperatures and lower summer temperatures [16]. In Pakistan the January temperature has increased
by 0.60 °C at national level during period 1961 to 2006 [19]. The temperature of northern Pakistan has
increased 0.52 °C from 1961 to 2005[6]

In the study area average temperature readings have been shown in the Table 1 and Fig. 3. Fig. 3 shows
that all the lines for average temperature converge at summer periods and diverge at winter periods. It gives
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clue that the temperature of study area has increased in winter period and remained steady in the summer
periods. It means that this increase in temperature in the winter period is probably causing the less
accumulation of ice on the glaciers than their melting in the summer period [20]. The magnitude of
earthquakes effected by expected isostatic rebound of earth in northern Pakistan is probably lies in the range
3 to 4.9 [21] The earthquakes for magnitude 3 to 3.9 are depicted in Fig. 4 and 5 for shallow and
intermediate earthquakes respectively. These figures clearly indicate that for the magnitude 3 to 3.9 there is a
clear increase in earthquake frequency with the passage of time. Where for magnitude 4 to 4.9, the gradual
increase for shallow earthquake frequency is not significant except for the duration 2001 to 2004 where
earthquakes in the month of November show a sudden Jump. Similarly, for 3 to 3.9 magnitude earthquakes,
the highest peaks for average earthquake frequency are also observed in November for shallow and in
February and September for intermediate earthquakes. The Table 1 shows that the intermediate earthquake
frequency for 5 to 5.9 magnitude earthquakes shows gradual increase with the passage of time.

4. Conclusions

This study shows that the temperature of study area has increased in winters and has trend in summers.
This contrasting behavior of temperature rise might be causing the less accumulation of ice on glaciers than
their melting in summers. So this expected decrease in the mass of glaciers is probably producing isostatic
rebound to cause the earthquakes. In correlation with the increasing temperature in the winters, the highest
peaks for average earthquake frequencies are also observed.
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