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Abstract Karachi is the largest city of Pakistan. The temperature change in Karachi
is studied in this research by analyzing the time series data of mean maximum
temperature (MMxT), mean minimum temperature (MMiT) and mean annual tem-
perature (MAT) from 1947 to 2005 (59 years). Data is analyzed in three parts by
running linear regression and by taking anomalies of all time periods: (a) whole
period from 1947–2005; (b) phase one 1947–1975 and (c) phase two 1976–2005.
During 1947 to 2005 MMxT has increased about 4.6◦C, MMiT has no change and
MAT has increased 2.25◦C. During 1947–1975, MMxT increased 1.9◦C, in this period
there is −1.3◦C decrease in MMiT and MAT has raised upto 0.3◦C. During 1976–
2005, the MMxT, MMiT and MAT increased 2.7◦C, 1.2◦C and 1.95◦C, respectively.
The analysis shows significantly the role of extreme vulnerability of MMxT in rising
the temperature of Karachi than the MMiT.
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1 Introduction

Today, the world’s population is approximately 6.5 billion and grows by nearly 80
million people each year (Economic Survey of Pakistan 2006). The urban population
of the developing countries increased from 286 to 1,515 million during 1950 and
1990. This figure is expected to reach four billion by 2025 (Gupta 2004). During the
course of the twenty-first century, scientific evidence points to global-average surface
temperatures that are likely increasing by 2◦C∼4.5◦C. The current rate of global
warming is 2◦C per century (Salinger 2005). The global mean temperature will rise
by at least 1.5◦C by 2050. It is unlikely to rise by less, but it could rise by much more
(Tickell 1990). Most of the urban growth in the developing world is concentrated in
‘mega cities’ (Mills 2006). The annual temperature increase in large urban areas is
higher than the rural and marine stations (Chung et al. 2004).

Located on the Arabian Sea coast, Karachi is the largest city of Pakistan. It is
the financial and commercial capital of Pakistan which generates 60% of the total
national revenue. It has 18 million population with density of 4,115 persons/km2.
The city is divided into 18 major administrative towns (CDGK 2008). There is 5%
annual increase in population that had lion jumps during 1975 to 2008. The urban
area increased from 233 km2 in 1947 to 3,566 km2 in 2004 and population in 1947 was
just 0.4 million but it reached up to 140 million in 2004 (Fig. 1) (Qureshi et al. 2008).
So ever multiplying population and several unplanned development projects in the
city have greatly affected the urban climate on alarming scales.

2 Environmental problems of study area

Pakistan is 6th largest country of the world on the basis of population. The urban
share in total population of Pakistan was about 17% at the time of independence
which has been raised up to 40% in 2006 (AUICK 2006). Since the emergence
of Pakistan in 1947, the population of Karachi has seen 35-fold increases in its
population and almost 16-fold increases in the spatial expansion (Qureshi and Lu
2007). Eleven of the world’s ‘global cities’ are responsible for some 70% of CO2

Growth in urban population and area of Karachi during 1947 to 2004
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Fig. 1 Growth in urban population and occupied land area of Karachi during 1947 to 2004
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1947-1953 1961-1969 1983-1986

Industrial plots 1956 4656 4936

Total area (acres) 4460 7960 8989
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Development of industrial area and units in Karachi during 1947 to 1990s

Fig. 2 Industrial development in Karachi. Numbers given under the time periods are indicating the
total number of industrial plots and area under the industrial units

emissions and the same cities equally fundamental to global GDP (UCL Workshop
2005) and during the last ten years (1995–96 to 2004–05), the consumption of
petroleum products, natural gas, electricity and coal in Karachi has increased at an
average rate of 0.9%, 7.9%, 4.6% and 9.1% per annum, respectively. The number
of vehicles has jumped from 0.8 million to about 4.0 million within last 20 years
showing an overall increase of more than 400% (Economic Survey of Pakistan 2006).
Total per-capita energy consumption in Pakistan is 12.4 million Btus (1 Btus =
1,055.05585 joules) that contribute 0.7 metric tons per-capita, energy related CO2

emission (EIA, US 2008) and being as the largest city of Pakistan, Karachi is the
major consumer of energy and contributor of CO2. It has three major industrial
zones in West Karachi, North Karachi and Southeast Karachi. In addition, it has
a vibrant cottage industry in all areas of the city and there is a rapidly flourishing
Free Industrial Zone with an annual growth rate of nearly 6.5%. Industrial area and
industrial units during 1947 to 1986 increased 50% and 60%, respectively (Fig. 2;
FPCCI Pakistan 2008).

3 Data and methodology

The time series data of mean minimum temperature (MMiT), mean maximum
temperature (MMxT) and mean annual temperature (MAT) from 1947 to 2005 is
used to find out the possible changes in temperature of the mega city of Pakistan.
Temperature data is collected from Computerize Data Processing Center (CDPC),
Pakistan Meteorological Department (PMD) Government of Pakistan. PMD is only
reliable, competent and official source in Pakistan for meteorological data. The
linear regression method is used to analyze the behavior of MMiT, MMxT and
MAT for the last 59 years. It is analyzed in three ways: First the whole study
period 1947–2005, then dividing the whole period into two phases i.e. 1947–1975
and 1976–2005. Trend lines on each graph are used to get the clear picture of the
results. Furthermore, in this study the anomalies of MMxT, MMiT and MAT are also
observed. Temperature is used as dependent variable while the time period is used as
the independent variable which is specified as: Temperature = f (time) and Y = α +
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βX + μ. Where, Y = mean temperature (minimum, maximum), X = time period
and μ = error/random term. The t-value of each parameter is calculated to check
the statistical significance that null hypothesis Ho: β = 0. The student’s t statistic is
calculated as

tcal = β̂

S.E
(
β̂
)

where β̂ is the coefficient (i.e. slope) and S.E is standard error of β̂ which shows the
rate of change in temperature per unit time. It is calculated as

Syx =

√√√√
∑

(y − ȳ)2 [∑ (x−x̄)(y−ȳ)]2

∑
(x−x̄)2

n − 2

where n is the sample size. Data of urban area, population, industrial area and
industrial plots/units is also analyzed in graphical format to identify the problems
of expansion of city, its area and industrialization.

4 Results and discussions

The interannual variation and change in temperature of Karachi by analyzing
through linear trends has shown significant results. The observed change in tempera-
ture is positive which has clear increasing trends in MMxT and MAT but MMiT has
constant but little bit decreasing trends over the last 59 years. The urban temperature
of Karachi has the greatest variation but it has a regular increase after 1975 to 2005.
The linear trend lines along with anomalies of time series of mean MMxT, MMiT
and MAT are presented in Fig. 3a–c and in Fig. 5 while time series of MMxT, MMiT
and MAT are presented in Fig. 4a, b which are showing the temperature change in
two different phases i.e. 1947–1975 and 1976–2005.

In Fig. 3a, the anomaly of time series data of MMxT has the most significant
increase than any other time period or temperature parameter. There is an alarming
increase in MMxT of Karachi since 1947 with out any significant decrease in
temperature. During 1947 to 2005, the observed increase in MMxT is about 4.6◦C
that is 0.78◦C increase per decade. This change in temperature is not uniform during
the whole study period. MMxT in first phase (1947–1975) increased 1.9◦C (Fig. 4a)
while in later phase (1976–2005), it maximized up to 2.7◦C (Fig. 4b).

The anomaly data of MMiT in Fig. 3b is showing the constant trend. From 1947–
1974, there is a regular swift downfall in temperature. 1962 has the lowest record
of MMiT throughout the observed data that was just 14.4◦C but opposite of it,
MMxT in this year is 31.7◦C. Other meteorological observatories near or far of
Karachi also observed the low minimum temperature during this year as Dalbandin
12.7◦C, Khuzdar 14.9◦C, Panjgur 14.1◦C and Zhob 11.7◦C. So this uncertain change
in minimum temperature greatly affected the mean annual temperature of Karachi
that is shown in Figs. 3c and 4a. The observed data also make it clear that the MMiT
of Karachi shows an increase of 1.2◦C during 1975–2005 and overall from 1947–2005,
it is reduced −0.1◦C.

Figure 3c is showing the regular increase in MAT with some significant decreasing
fluctuations in 1962 and 1976. Overall results show that MAT increased about 2.25◦C
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Anomaly of Mean Maximum Temperature (1947-2005) 

y = 0.0583x - 1.845
R2 = 0.7105

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

1947 1954 1962 1969 1976 1984 1991 1998 2005

A
n

o
m

al
y 

(o
C

)

a

Anomaly of Mean Minimum Temperature (1947-2005)

y = -2E-05x - 0.0005
R2 = 8E-08

-8

-7

-6

-5

-4

-3

-2

-1

0

1

2

3

1947 1954 1961 1968 1975 1982 1989 1996 2003

A
n

o
m

al
y 

(o
C

)

b

Anomaly of Mean Average Temperature (1947-2005 )

y = 0.0224x - 0.5861
R2 = 0.3028

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

1947 1954 1961 1968 1975 1982 1989 1996 2003

A
n

o
m

al
y 

(o
C

)

c

Fig. 3 a–c Annual surface temperature anomalies of Karachi during 1947 to 2005. a Maximum
temperature; b minimum temperature and; c mean temperature

during the whole study period but this change in phase one is not more significant
than the phase two. During 1947–1975, MAT increased only 0.3◦C that is only 13.3%
of total change. While during 1976–2005, it increased up to 1.95◦C that is about 86.7
% of total change during last 59 years.

In Fig. 5, the anomalies of second phase are showing that there is almost no change
during 1976–1987 but after 1987, the analysis are showing significant increasing
trends in MMiT, MMxT and MAT. The increasing intensity of MMxT is higher than
the MMiT which is greatly affecting the MAT during last 59 years.
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MMxT., MMiT., and MAT (1947-1975)
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Fig. 4 a Annual surface maximum, minimum and mean annual temperature trends of Karachi during
1947 to 1975. b Annual surface maximum, minimum and mean annual temperature trends of Karachi
during 1976 to 2005

The value of t-statistic is also calculated to check the significance of the parame-
ters. All the parameters are found statistically significant at 5%. The regression of
MMxT and MAT showed positive trends and are significant while that of MMiT
showed negative trends during the study period i.e. 1947–2005. The coefficient of

Anomalies of MMxT., MMiT., and MAT (1976-2005)
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Fig. 5 Annual surface temperature anomalies of Karachi during 1976 to 2005
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Table 1 Regression results by using temperature as dependent and time as an independent variable

Temperature Time period Regression results

Mean maximum 1947–2005 Y = 31.31636 + 0.0611X S.E (0.08946) (0.005635)
t-statistics 350.02 10.8495

Mean minimum 1947–2005 Y = 20.909 − 0.0119X S.E (0.18222) (0.005899)
t-statistics 114.74 −2.0302

Mean annual 1947–2005 Y = 26.112 + 0.00977X S.E (0.081) (0.0026)
t-statistics 322.0669 3.7238

Mean maximum 1947–1975 Y = 28.802 + 0.1224X S.E (0.2015) (0.01173)
(phase-I) t-statistics 142.89 10.4311

1976–2005 Y = 31.442 + 0.0489X S.E (0.2002) (0.0112)
(phase-II) t-statistics 157.022 4.335

Mean minimum 1947–1975 Y = 22.905 − 0.1187X S.E (0.552) (0.03214)
(phase-I) t-statistics 41.49 −3.6936

1976–2005 Y = 19.836 + 0.0611X S.E (0.2311) (0.01302)
(phase-II) t-statistics 85.817 4.6937

Mean annual 1947–1975 Y = 25.853 + 0.0018X S.E (0.2443) (0.1422)
(phase-I) t-statistics 105.79 0.1298

1976–2005 Y = 25.639 + 0.055X S.E (0.1792) (0.010)
(phase-II) t-statistics 143.037 5.447

The values in parenthesis show standard error and significance of t-statistics

time period is found significant positive in both first and second phases. However, the
coefficient is negative and significant in first phase while it is positive and significant
in second phase. Moreover, the average of mean minimum and mean maximum
temperature showed positive and significant effect over both phases (Table 1).

5 Conclusion

The decade of 1990s is observed the warmest decade of the last century (WMO
2004). All over the world urban areas are being affected by urban climate change.
Increasing temperatures of Dhaka, (Alam and Golam Rabbani 2007), increase of 2◦C
temperature of Saö Paolo since 1993 (Edmilson et al. 2007), increasing tendencies
of Beijing temperatures from 1977–2000 (Liu et al. 2007), 0.28–0.44◦C/10a increase
rate of annual mean air temperature in city-belt of Yangtze River Delta in China
(Yin et al. 2007) and 1.5◦C increase in annual mean temperature of Seoul during
last 29 years (Chung et al. 2004) are the global examples of urban climate change.
Karachi is the rapidly growing city not only in Pakistan but also in South Asian
region in respect of population, area and economic activities. It is the shelter to
11% population of Pakistan. About 55% growth in urban population and urban
area is observed after 1990s. Until 1990s, the establishment of thousand heavy and
small scale industries on vast area all around the city caused mass scale rural–
urban migration throughout the country. This growth in population, urban and
industrial area and economic activities forced to develop the infrastructure in the
city but unfortunately during all these developments, climate friendly policies were
not adopted to protect the urban climate to change on local level. Now Karachi is
included in the list of those mega cities of the world which are highly vulnerable to
the urban climate change mostly due to human activities.
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The MMxT, MMiT and MAT of Karachi have significant positive trends of
change. Overall there is 2.25◦C increase in mean temperature since last 59 years.
Per decade increase in mean temperature is 0.38◦C which is ten times more than
the global increase of temperature. The time period during 1947 to 1975 has less
intensity of temperature growth than the time period 1976–2005. The contribution
of first phase in increasing the mean temperature is only 13.3% (0.3◦C) while the
second study period has contributed 84.7% (1.95◦C). If the temperature of Karachi
continued increasing at the same rate, then it is possible that it will rise up to 3.9◦C
till the end of this century
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