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Based on the daily maximum air temperature data from 176 stations in India from 1969 to 2013, the
climatological distribution of the number of days with high temperature (HT) deﬁned as days with
maximum temperature higher than 37◦ C during summer season (March–June) are studied. With a focus
on the regional variability and long-term trends, the impacts of HT days are examined by dividing
the country into six geographical regions (North, West, North-central, East, South-central and South).
Although the long-term (1969–2013) climatological numbers of HT days display well-deﬁned spatial
patterns, there is clear change in climatological mean and coeﬃcient of variation of HT days in a recent
period (1991–2013). The long period trends indicate increase in summer HT days by 3%, 5%, and 18%
in north, west, and south regions, respectively and decrease by 4% and 9% in north-central and east
regions respectively. However, spatial variations in HT days exist across diﬀerent regions in the country.
The data analysis shows that 2010 was the warmest summer year and 2013 was the coolest summer year
in India. Comparison of spatial distributions of trends in HT days for 1969–1990 and 1991–2013 periods
reveal that there is an abrupt increase in the number of HT days over north, west and north-central
regions of India probably from mid 1990s. A steep increase in summer HT days in highly populated cities
of Mumbai, New Delhi, Chennai, Jaipur, and Visakhapatnam is noticed during the recent period of 1991–
2013. The summer HT days over southern India indicate signiﬁcant positive correlation with Nino 3.4
index for three months’ running mean (December–January–February, January–March, February–April,
March–May and April–June).

1. Introduction
It is now very likely that human inﬂuence has contributed to observed global scale changes in the frequency and intensity of daily temperature extremes
since the mid-20th century and it is likely that
human inﬂuence has more than doubled the probability of occurrence of heat waves in some locations
(IPCC 2013). Global warming has become one of
the most challenging issues facing humanity with
wide ranging consequences to ecology and human
beings all around the world. Compared to 1986–
2005, the global mean surface temperature change

for the period 2016–2035 will likely be in the range
of 0.3◦ –0.7◦ C (IPCC 2013). A leading manifestation of this is rise in temperatures, which have
widespread impacts on diﬀerent components of the
earth-atmosphere system as the change in the temperature extremes is highly associated with the
change in mean temperature.
Variability of climate is well demonstrated by
extreme climatic events. However, variations and trends
in extreme climate events are more sensitive to climate change than are the mean values and so have
received much attention. Many studies have documented extreme climatic events (Easterling et al. 1997;

Keywords. Extreme temperature; high temperature days; trend; mega cities; Nino 3.4.
J. Earth Syst. Sci. 124, No. 1, February 2015, pp. 1–15
c Indian Academy of Sciences


1

2

A K Jaswal et al.

Gaﬀen and Ross 1998; Karl and Easterling 1999;
Easterling et al. 2000; Frich et al. 2002; Zhai and
Pan 2003; Aguilar et al. 2005; Alexander et al.
2006; Qian and Qin 2006; New et al. 2006; Klein
Tank et al. 2006; Bartolini et al. 2008; Wei and
Chen 2009; You et al. 2008). Frich et al. (2002) and
Alexander et al. (2006) analyzed global changes in
daily climate extremes, concluding that there have
been significant warming throughout the 20th century,
and that temperature diﬀerences have been particularly pronounced in the most recent periods.
Temperature extremes have also been studied in
many regions of the world (Zhang et al. 2000;
Manton et al. 2001; Peterson et al. 2002; Aguilar et
al. 2005; Griﬃths et al. 2005; Vincent et al. 2005;
Zhang et al. 2005; Klein Tank et al. 2006). These
studies have shown that signiﬁcant widespread
changes in temperature extremes are associated
with warming. Using Chinese station datasets
from 1951–1999, Zhai and Pan (2003) detected
a slightly decreasing trend in the number of hot
days (daily maximum temperature over 35◦ C)
in China. Also a jump-like acceleration in the
number of days with maximum temperature more
than 35◦ C since mid-1990s in south, east, north
and northwest China is reported by Wei and Chen
(2009).
India hosts a variety of climates and is mainly
divided into four major climatic zones. These are
alpine (Himalayan region), subtropical (northern
and peninsular regions), tropical (wet monsoon and
dry regions) and arid (western region including
Rajasthan). The nation’s climate is strongly inﬂuenced by the Himalayas and the Thar Desert. The
coastal regions of the country are warmer throughout the year with very less variation in temperatures. In India, temperatures start to increase
all over the country from March and by April,
the interior parts of the peninsula have daily
temperatures above 35◦ C. Central India becomes
hot with daytime maximum temperatures reaching
above 40◦ C at many locations. The daily maximum
temperatures rise sharply in May with many
places in the north and northwest regions of the
country reporting temperatures exceeding 45◦ C.
After the intense heat of the summer months, with
the onset of southwest monsoon in June, the daytime temperatures start falling in many parts of
the country.
Most of the temperature trend studies in India
have focussed on the analysis of mean maximum and minimum temperatures (e.g., Hingane
et al. 1985; Srivastava et al. 1992; Rupa Kumar
et al. 1994; Arora et al. 2005; Kothawale and
Rupa Kumar 2005; Dash et al. 2007; Pal
and Al-Tabbaa 2010). In general, they have found
increasing trends in both maximum and minimum
temperatures over India. Also a strong interannual link between mean temperatures of India

and sea surface temperatures of eastern Paciﬁc
and Indian Ocean have been found by Kothawale
et al. (2010a), who have concluded that El
Nino Southern Ocean (ENSO) phenomenon is
impacting Indian temperatures signiﬁcantly. However, very few studies have examined climatology of hot days and trends over India. Some
of the studies have investigated extreme maximum temperature and case studies of heat wave
spells over some regions as well as over the
entire country (Natarajan 1964; Raghavan 1966;
Subbaramayya and Surya Rao 1976; Chaudhury et al.
2000; De 2001; Pai et al. 2004, 2013; De et al. 2005;
Ray et al. 2013). One of the earliest studies about
summer heat waves over India during 1911–1961
by Raghavan (1966) found maximum number
of heat waves occurring over east Uttar Pradesh
followed by Punjab, east Madhya Pradesh,
and Saurashtra and Kutch regions in Gujarat.
Chaudhury et al. (2000) have concluded that the
impact of heat waves over Bihar, Punjab, and parts
of Maharashtra is more. Analyzing 100 years temperature records in India, Sinha Ray and De (2003)
have found increasing trend in extreme maximum
and minimum temperatures in the south and a
decreasing trend in the north. Kothawale and Rupa
Kumar (2005) studied the temperature extremes in
India for the period 1970–2002 and noted that the
number of hot days are highest over central parts of
India. Rao et al. (2005) have reported that 80% stations in peninsular India and 40% stations in northern
India showed increasing trend in the days with
extreme maximum temperature during 1971–2000.
Kothawale et al. (2010b) have found widespread
increasing trend in the frequency of occurrence of
hot days in pre-monsoon season. Revadekar et al.
(2012) have found widespread warming with increase in intensity of maximum temperature during
1970–2003. Ray et al. (2013) have found signiﬁcant
increase in heat wave and severe heat wave in the
last decade (2001–2010) as compared to the last
two decades (1981–2000) over Gujarat. Pai et al.
(2013) have found signiﬁcant long term increasing
trends in heat wave days over India during 1961–
2010.
Human core body temperature is around 37◦ C
irrespective of temperature of the surroundings or
the activity level of the individual. If the core temperature goes up, the body loses heat to bring it
down again. If the core temperature goes down
the body will conserve and even generate heat to
bring it up again. Considering the serious eﬀects
on human health and public concerns when the
daily maximum temperature exceeds the human
core body temperature, we have used the criterion of daily maximum temperature above 37◦ C in
characterising high temperature days in this study.
An attempt has been made to document climatology and variability of high temperature days and
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their long-term trends during 1969–2013 based on
daily maximum temperature data of 176 surface
meteorological stations well distributed over the
country.
2. Data and methodology
There are usually two criteria to deﬁne high
temperature days (DeGaetano and Allen 2002; Yan
et al. 2002; Zhai and Pan 2003; Wei and Chen
2009). One uses temperature percentiles (such as
90% or 95% or 98%, etc.) and the other uses absolute temperature values (such as 35◦ or 37◦ or 38◦ C,
etc.). It is seen that public concern is raised when
the daily maximum temperature of a place persistently exceeds 37◦ C. We have restricted our study
to summer season consisting of March to June
months as the high temperature events that can
cause large-scale discomfort occur mainly in these
months. March and June are transition months for
northern (winter to summer) and southern parts
(summer to monsoon) of India respectively. The
main dry and hot months with mainly clear sky
conditions are therefore April to June in northern
India and March to May in southern India. The
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Sun is also on its northward movement reaching its
northern-most position in the third week of June.
With high temperature days deﬁned here as days
having daily maximum temperature above 37◦ C,
stations in the mountainous northern parts and
some coastal stations where this criterion is hardly
met were also omitted. The exclusion of high elevation Himalayan region in north and some coastal
stations particularly along the west coast of India
from analysis of summer high temperature days
does not mean that these regions are free from the
eﬀects of increase in temperature.
The data used in this study are the daily
surface maximum temperatures obtained from
the database of India Meteorological Department
(IMD), National Data Centre (NDC) located at
Pune, where all climatological data of India are
processed, quality checked, and archived. Since
daily values of maximum temperature are available
from 1969 only, the period of study is restricted
to 1969–2013. Initially we had selected 228 surface meteorological stations from IMD’s network,
which have long data series of daily maximum temperature. First we checked the availability of daily
maximum temperature values for each year and
stations with too many continuous missing values
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Figure 1. Locations of 176 stations used in high temperature (daily Max>37◦ C) days study for India for the period 1969–
2013. Six selected regions used in this study are north (stations north of 28◦ N), west (stations west of 74.5◦ E and bound
by 20◦ –28◦ N), north-central (stations bound by 20◦ –28◦ N, 74.5◦ –85.5◦ E), east (stations east of 85.5◦ E), south-central
(stations bound by 15◦ –20◦ N) and south (stations south of 15◦ N).
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were dropped from the selected data. Even though
data in NDC is thoroughly scrutinized and quality
checked before archival, we have marked as outliers
daily maximum temperature values above 3.5 times
standard deviation. Such values were manually
checked and then only taken to the data analysis.
Finally, a dataset belonging to 176 meteorological
stations was selected for analysis of high temperature days in India. The geographical coverage of
stations utilized in this study is shown in ﬁgure 1.
As the high temperature events that can cause
heat waves and large-scale discomfort occur mainly
in summer season, we have selected daily maximum temperature data for March–June months
only. Therefore for each station, a high temperature (HT) day is deﬁned as a day when the
daily maximum >37◦ C during the summer season
(March–June). In this way, we have calculated the
number of HT days at each station during summer
season for each year during 1969–2013. Long-term
climatology of summer mean maximum temperature and trends in summer highest temperature
during 1969–2013 are shown in ﬁgure 2(a and b)
respectively. The climatological mean and standard
deviation of number of HT days were calculated
for all of the selected stations and spatial patterns
are shown in ﬁgure 3. Temporal variations in number of stations recording more than 80 HT days in
summer season each year are shown in ﬁgure 4. In
order to investigate trends in number of HT days,
a linear regression was ﬁtted to each time series
of the number of HT days by using a least square
regression for each station. Two-sided Student’s ttest was used to check the statistical signiﬁcance
at 95% level of signiﬁcance. The linear trends were
calculated for long period 1969–2013 as well as two
short periods by dividing the data in two halves,
viz., 1969–1990 and 1991–2013. The spatial distributions of linear trends of summer HT days over
India are shown in ﬁgure 5(a–c) where trends signiﬁcant at 95% level are circumscribed by an outer
circle.
Further, regional variations in number of HT
days were examined by dividing the entire country
into six regions which are North (north of 28◦ N),
West (west of 74.5◦ E and bound by 20◦ –28◦ N),
North-central (bound by 20◦ –28◦ N, 74.5◦ –85.5◦ E),
East (east of 85.5◦ E), South-central (bound by
15◦ –20◦ N), and South (south of 15◦ N). Statistics
of top ﬁve highest long-term mean high temperature (HT) days recorded at stations in each of
six regions of India during 1969–2013 are given in
table 1. We have prepared regionally averaged time
series of number of summer HT days for 1969–2013
and the temporal evolution of the number of HT
days is shown in ﬁgure 6(a–f). Linear trends in
summer HT days at 25 selected mega cities (cities
with million plus population) of India are given
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Figure 2. (a) Long-term climatological mean maximum
temperature and (b) trends in highest maximum temperature in summer (March–June) during 1969–2013. Trends
signiﬁcant at 95% level of conﬁdence are shown by an outer
circle.

in table 2. As the El Nino Southern Oscillation
(ENSO) phenomena inﬂuence weather around the
world, its impact on summer HT days in India is
also examined. The Oceanic Nino Index (ONI) used
for identifying El Nino and La Nina years is taken
from http://www.cpc.noaa.gov/ for exploring its
inﬂuence on the intensity of summer HT days in
India. We have used 3-month running mean sea
surface temperature (SST) anomalies for the Nino
3.4 region 5◦ N–5◦ S, 120◦ –170◦ W. We have linearly
detrended time series of Nino 3.4 anomalies as
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Figure 3. Climatological mean number of days of summer (March–June) high temperature (HT) days and their standard
variation for 1969–2013. Contour lines are drawn for standard deviation and mean HT days are shown in the background.
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Figure 4. Temporal variations in number of stations having more than 80 high temperature (HT) days in summer months
(March to June) in India during the period 1969–2013.

well as HT days anomalies before calculating their
correlations. The correlation coeﬃcient between
detrended Nino 3.4 anomalies for DJF (December,
January and February), JFM (January–March),
FMA (February–April), MAM (March–May), AMJ

(April–June) and summer HT days anomalies for
six regions of India are given in table 3. A scatter
plot between FMA Nino 3.4 SST anomalies and
summer HT days anomalies for south-central and
south regions of India is shown in ﬁgure 7.
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3. Results
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Figure 5. Trend analysis of summer (March–June) high
temperature (HT) days for the periods (a) 1969–2013,
(b) 1969–1990 and (c) 1991–2013. Trends signiﬁcant at 95%
level of confidence are shown by an outer circle.

Summer season in India is characterized by spells of
above-normal temperatures, accompanied by hot
and dry winds from the west which continuously
blow over north and central parts. These strong hot
and dry wind mainly originate in the large desert
regions of the northwestern Indian subcontinent.
This dry and hot wind regime ends in late summer,
with the arrival of southwest monsoon.
3.1 Climatology of HT days for 1969–2013
Long-term climatology of summer (March–June)
mean maximum temperature for 1969–2013 is shown
in ﬁgure 2(a). The spatial patterns of mean maximum temperature indicate regions of highest mean
maximum temperature over northwest, central, and
southeast peninsula, where mean temperatures are
above 38◦ C. Figure 2(b) shows spatial distribution
of trends in summer season highest maximum
temperature, which are signiﬁcantly increasing in
all regions of India except over east where it is
signiﬁcantly decreasing. Being a country with complex topography, daily maximum temperatures at
stations in the mountainous regions of north and
northeast India rarely reaches as high as 37◦ C in
the summer; therefore, the HT days deﬁned in this
study mainly occur over the Indo-Gangetic plains,
western, central, eastern, and southern India. Spatial distribution of climatological mean (shaded
contours in background) and standard deviations
(contour lines in foreground) of the number of
summer HT days in India for the period 1969–2013
is shown in ﬁgure 3. The spatial patterns of longterm mean maximum temperature broadly agrees
with climatology of HT days suggesting regions of
higher summer maximum temperature have higher
HT days. On all India level, the station with the
most HT days is Jalgaon in north-central region
with long period average value of 96.9 days out of
total 122 days in summer season (March–June).
Other stations with long period average HT days
more than 90 days are Cuddapah (95.6 days) in
south region, Chandarpur (92 days), and Nandyal
(91.9 days) in south-central region. The spatial
patterns indicate that regions of higher HT days
(>70 out of total 122 days) are located in west,
north-central, south-central, and south regions
(ﬁgure 3). On regional level, stations with highest
and lowest long period average HT days are Sri
Ganganagar (69.3 days) and Bhuntar (2.8 days)
respectively in north; Ahmedabad (88.7 days) and
Mount Abu (0.8 days) respectively in west; Jalgaon
(96.9 days) and Patna (45.4 days) respectively in
north-central; Cuttack (54.5 days) and Agartala
and Guwahati (1.5 days each) respectively in east;
Chandrapur (92.0 days) and Alibaug (0.8 days)
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Table 1. Statistics of top ﬁve highest long-term mean high temperature (HT) days recorded at stations in six selected regions
of India during 1969–2013.
Station name
North
Sriganganagar
Hissar
Pilani
New Delhi (Palam)
Rohtak
West
Ahmedabad
Barmer
Phalodi
Jodhpur
Deesa
North-central
Jalgaon
Akola
Khandwa
Nagpur
Brahmapuri
East
Cuttack
Bhubaneshwar
Bhagalpur
Keonjhargarh
Chandbali
South-central
Chandrapur
Nandyal
Kurnool
Ramagundam
Nizamabad
South
Cuddapah
Tirupathi (A)
Anantapur
Nellore
Vellore

HT days
Mean
Sdev.

Max HT days
Count
Year

Min HT days
Count
Year

Ever recorded
Max◦ C
Date

69.3
68.3
66.9
64.4
61.3

10.26
8.84
12.63
10.48
12.33

96
86
100
84
94

2010
1999
1985
2012
2010

44
51
41
38
38

1997
1983
1982
1969
1977

50.0
48.8
47.1
48.4
47.2

14-06-1934
26-05-1998
01-05-2009
26-05-1998
08-06-1995

88.7
88.6
84.1
83.8
82.8

12.94
9.93
9.57
10.09
11.84

111
110
102
108
109

1969
2010
2008
1969
2010

54
69
60
58
50

2013
1982
2013
1997
1997

47.8
49.9
49.6
47.8
49.4

27-05-1916
10-05-1995
07-06-2011
07-06-2011
25-05-1932

96.9
89.7
89.4
87.9
86.3

9.90
11.76
13.01
12.70
14.42

115
118
119
120
116

1969
1969
1969
1969
2009

71
59
40
56
56

2013
1997
2013
1990
1990, 2013

48.4
47.8
47.6
47.8
47.7

28-05-1989
22-05-1947
13-05-1970
26-05-1954
27-05-1983

54.5
48.3
46.4
42.0
41.7

17.28
15.89
15.69
15.95
18.52

88
85
75
80
90

1972
2012
1985
1972
2010

12
6
9
17
4

1971
1990
1971
2011
1971

47.7
46.5
46.4
47.4
46.7

02-05-1957
22-05-1972
28-05-1982
11-05-1980
12-06-1942

92.0
91.9
89.1
89.0
88.0

11.64
11.36
11.40
13.03
11.86

114
113
112
110
110

1969
1992
2012
1969
2009

63
59
57
58
48

2006
1970
2008
2008
1990

49.0
46.6
45.6
47.3
47.3

02-06-2007
26-04-2009
02-06-1998
24-05-1984
22-05-2005

95.6
89.7
79.3
70.5
66.7

10.24
11.25
12.65
7.98
15.62

116
117
105
96
100

1992
2012
2003
2012
1983

75
72
46
57
35

1999
1990
2008
2007
1977

46.1
45.2
44.1
46.7
45.0

18-05-1906
02-06-2003
20-05-2001
01-06-1894
31-05-2003

Note: Sdev. is standard deviation of HT days.

respectively in south-central, and Cuddapah (95.6
days) and Ballehonnur (0.9 days) respectively in south.
Standard deviation in summer HT days is highest
in Tirupattur (24.46 days) and lowest in Alibaug
(1.05 days) as shown in ﬁgure 3. Other stations
having higher standard deviation are Karur
Paramathy, Bagati, and Satara. The pattern of
standard deviation in HT days indicates regions
of highest variations over the eastern (Gangetic
West Bengal and Orissa) and southern (Tamil
Nadu) parts of the country. The stations having
higher standard deviation (more than 15 days)
in the eastern region are Bagati, Chandbali,
Cuttack, Berhampore, Keonjhargarh, Bhubaneswar,

Bhagalpur, and Midnapore. Similarly, stations
with standard deviation more than 15 days in the
southern region are Tirupattur, Karur Paramathy,
Salem, Coimbatore, Vellore, Tiruchirapalli, and
Madurai. The long-term mean HT days are highest
in west, north-central, and south-central regions
where variability in HT days are lower indicating
regular occurrence of HT days over these regions.
However, since the long-term HT days in eastern
and southern regions are relatively less compared
to western and north-central regions, the higher
variability in HT day indicates episodes of severe
heat waves in these regions in some extreme hot
years.
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Figure 6. Temporal variations in region level averaged high temperature (HT) days in India for summer season (March–
June) during 1969–2013. The regions averaged are (a) north (stations north of 28◦ N), (b) west (stations west of 74.5◦ E
and bound by 20◦ –28◦ N), (c) north-central (stations bound by 20◦ –28◦ N, 74.5◦ –85.5◦ E), (d) east (stations east of 85.5◦ E),
(e) south-central (stations bound by 15◦ –20◦ N) and (f ) south (stations south of 15◦ N). The continuous curves indicate
the 5-year moving average. Data series are anomalies in region level averaged HT days from 1971–2000 base period.

3.2 Highest long-term mean HT days in six
selected regions of India
In order to reveal in detail the regional characteristics of summer HT days in India, we have divided
the country into six regions (north, west, northcentral, east, south-central and south) as shown
in ﬁgure 1. The statistics of top ﬁve stations in
each region having highest long-term mean HT
days in India are given in table 1. The highest
mean HT days 69.3 with standard deviation 10.26
days in north region has occurred in Sriganganagar. But in extreme years, the number of HT days
varies from 44 days in 1997 to 100 days in 2010.
In west region, Ahmedabad has the highest longterm mean HT days 88.7 with standard deviation 12.94 days. In Ahmedabad, summer HT days
vary between 54 days in 2013 and 111 days in
1969. Jalgaon in north-central region has the highest mean HT days as 96.9 with standard deviation 9.9 days, which also is the highest mean for
the country. Summer HT days in Jalgaon vary
between 71 days in 2013 and 115 days in 1969.

Long-term mean HT days in east region are highest in Cuttack (54.5 days) with standard deviation
17.28 days. In extreme years the number of HT
days in Cuttack varies between 12 days in 1971 and
88 days in 1972. Other stations in east region with
higher long term mean HT days are Bhubaneswar,
Bhagalpur, Keonjhargarh, and Chandbali as given
in table 1. Chandrapur has the highest mean
HT days 92 with standard deviation 11.64 days
in south-central region. The number of HT days
vary between 63 days in 2006 and 114 days in
1969 in Chandrapur. Long-term mean HT days in
south region are highest in Cuddapah (95.6 days)
with standard deviation 10.24 days. However,
number of HT days in Cuddapah varied between
75 days in 1999 and 116 days in 1992. It is interesting to note that the highest ever maximum
temperature recorded in all six regions is above
45◦ C and the highest daily maximum temperature
50◦ C occurred in Sriganganagar on 14-06-1934 as
given in table 1. However, Alwar in east Rajasthan
(not included in this study) holds the record for
highest maximum temperature of 50.6◦ C for the
country, which has occurred on 10-05-1956.
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Table 2. Long-term mean and coeﬃcient of variation (CV) of high temperature (HT)
days and trends in summer season (March to June) at 25 mega cities of India. Trends
signiﬁcant at 95% level are marked as ‘*’.
Population# HT days 1969–2013 HT days trends in days/decade
(millions) Mean
CV (%)
1969–2013 1969–1990 1991–2013

City
Mumbai@
New Delhi@
Kolkata@
Chennai@
Hyderabad@
Ahmedabad@
Pune
Jaipur@
Lucknow@
Nagpur
Indore
Coimbatore
Patna@
Bhopal@
Baroda
Vishakhapatnam
Madurai
Varanasi
Rajkot
Solapur
Aurangabad
Amritsar
Gwalior
Tiruchchirappalli
Kota

18.39
16.79
14.06
8.65
7.67
6.36
5.06
3.05
2.90
2.50
2.17
2.14
2.05
1.89
1.82
1.73
1.47
1.43
1.39
1.20
1.19
1.18
1.12
1.02
1.00

4.0
60.0
19.0
45.2
63.7
88.7
44.1
67.9
65.7
87.9
71.1
21.9
45.4
71.2
82.4
22.0
63.2
72.7
82.0
84.1
67.4
52.3
76.9
64.8
79.9

77
17
57
19
19
15
24
18
17
14
16
77
30
16
15
61
24
14
14
13
19
20
12
24
13

0.44
1.87
2.73*
2.96*
1.43
–0.42
–0.49
2.91*
0.09
–0.48
–0.71
–0.67
–1.17
0.50
1.90
4.59*
4.57*
1.05
2.36*
–0.13
–0.85
0.19
–0.54
2.67
1.45

1.20
1.43
1.66
4.25*
0.14
–5.06
–8.25*
1.80
–3.41
–7.10
–2.58
20.60*
–5.36
–6.82*
–3.23
–1.64
8.02
–0.11
–4.44
–7.28*
–5.89
–2.28
–5.21*
12.22*
–3.13

2.16*
6.30*
5.22
7.96*
1.01
–0.32
–1.13
7.73*
–1.59
2.35
–6.54
–9.02*
–4.01
2.07
5.59
18.14*
6.11
1.79
3.68
0.99
–2.65
4.21
0.33
7.16
5.27

#

INDIA STATS: Million plus cities in India as per Census 2011 http://pibmumbai.
gov.in/
@
State capital cities; New Delhi is also capital of India.
Table 3. Correlation between sea surface temperature (SST) anomalies in Nino 3.4 region
(5◦N–5◦S, 120◦ –170◦W) and summer high temperature (HT) days anomalies over six
regions of India during 1969–2013 after removing linear trend. SST anomalies are
for December, January, February (DJF), January, February, March (JFM), February, March, April (FMA), March, April, May (MAM) and April, May, June (AMJ).
Correlations signiﬁcant at 95% level of signiﬁcance are marked as ‘*’.
Coeﬃcient of correlation between Nino 3.4 SST and summer HT days
North
West
North-central
East
South-central
South
DJF
JFM
FMA
MAM
AMJ

0.05
0.03
–0.02
–0.14
–0.29*

0.20
0.17
0.12
0.04
–0.07

0.20
0.22
0.20
0.13
0.05

3.3 Temporal variations in summer HT days
in six selected regions of India
Analysis of summer HT days data series for 1969–
2013 reveals temporal variations of extreme hot
years at individual stations. In north, Pilani has

0.13
0.17
0.20
0.18
0.14

0.44*
0.46*
0.47*
0.41*
0.31*

0.49*
0.52*
0.55*
0.51*
0.36*

extreme hot year in 1985 with 100 HT days out of
total 122 summer days. Other hot summer years
in Pilani are 2004 (91 days) and 2002 (88 days).
Similarly, Sriganganagar and Rohtak also experienced maximum HT days 96 and 94, respectively
in the year 2010. In west region, Ahmedabad has
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Figure 7. Scatter plot of Nino 3.4 anomalies for February–
April (FMA) and summer high temperature (HT) days
anomalies over south-central (SC) and south (S) regions of
India during 1969–2013.

111 HT days in 1969, Barmer and Jalore have 110
HT days each in 2010. Some other hot years in
Ahmedabad are 1974 (109 days) and 2010 (107
days). North-central region has highest HT days
at Wardha in 1969 (121 days) followed by 110 and
105 days in 1974 and 1972 respectively. Hot years
in Nagpur are 1969 (120 HT days), 2009 (111 HT
days) and 2010 (107 HT days). In east region,
the top three stations having highest HT days are
Chandbali (90 days in 2010), Cuttack (88 days in
1972) and Bagati (87 days in 1975). South-central
region has highest HT days at Rentachintala (119
days in 2012) followed by Chandrapur (114 days in
1969) and Nandyal (113 days in 1992). Some other
hot years at Rentachintala are 1972, 1975 (105 HT
days each) and 1973 (104 HT days). Chandrapur
has 111 HT days in 1974 and 109 HT days in 1972
while Nandyal has 108 HT days in 2003 and 106
HT days in 1987. In south region, top three stations
recording extreme hot years during 1969–2013 are
Tirupathi (117 HT days in 2012), Cuddapah (116
HT days in 1992) and Tirupattur (106 HT days
in 1973). Some of the other hot years recorded in
Tirupathi are 1992 and 2009 (109 HT days each).
Analysis of HT days shows that the phenomenon
of heat spells over India migrates from one region
to other in diﬀerent years.
3.4 Hot summer years during 1969–2013
The summer season (March–June) in this study
has total 122 days. We have tried to identify warm
and cool summer years during the period of study
by using the criteria of persistency and spatial coverage of hot days. First we have enumerated the
number of stations in each year having more than
80 HT days in summer season at each station during 1969–2013. The temporal variations of number of stations having more than 80 HT days each
year is shown in ﬁgure 4. Further those years with

more than 50 such type of stations out of total 176
stations are categorized as hot summer years and
those years with less than 20 such type of stations
are categorized as cool summer years over the country. The data analysis shows that in India, 2010 was
the warmest summer year having 78 stations with
more than 80 HT days and 2013 was the coolest
summer year with just 7 stations with more than 80
HT days (ﬁgure 4). Interestingly, 2010 is a strong
La Nina year also. Almost all regions of the country experienced heat spells in 2010 with 26 stations
recording more than 100 HT days. Also there are
total 15 such warm summer years in India during
the period of 1969–2013 out of which 8 happened
in the last decade (2010, 2012, 2009, 2004, 2003,
2002, 2007, and 2005 arranged in descending order
of intensity). Similarly, there are 8 cool summer
years (2013, 1990, 1989, 1971, 2001, 1978, 2008,
and 1997 arranged in descending order of intensity). Lack of any warm year during 1975–1984 and
8 warm years during 2002–2012 clearly indicates
warm summers during the latter period.
3.5 Trend analysis of summer HT days
Trends in summer HT days across India for the
period 1969–2013 are obtained using linear regression analysis and the trends were tested for signiﬁcance at 95% level of conﬁdence. To evaluate
changes in summer HT days in recent decades,
we have also computed trends for two periods,
1969–1990 and 1991–2013.
3.5.1 Period 1969–2013
The spatial patterns of summer HT days trends
for 1969–2013 are shown in ﬁgure 5(a) where many
stations in north-central and east regions of India
show a decreasing trend. In north region, New
Delhi (Safdarjung) shows non-signiﬁcant increasing trend (+1.87 days per decade) in summer
HT days while Najibabad is having nonsigniﬁcant decreasing trend (–1.28 days per decade).
The highest signiﬁcant increase in HT days in
west region has occurred at Amreli and Bulsar in
Gujarat at a rate of +4.8 and +3.7 days per decade
respectively while Bhuj has the highest signiﬁcant
decreasing trend (–4.41 days per decade). In northcentral region, the largest signiﬁcant decreasing
trend occurred at a rate of about –7.1 days per
decade and –6.5 days per decade at Raigarh (in
Chhattisgarh) and Amraoti (in north Maharashtra), respectively. The largest signiﬁcant decreasing trend in east region occurred at a rate of about
–8.5 days per decade at Bagati, while Chandbali
and Bhubaneswar (in Orissa) have strong increasing trends in summer HT days at a rate of +9.9 and
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+4.7 days per decade, respectively. Signiﬁcantly
steep increase in summer HT days has occurred in
west, south-central and south regions of India. In
south-central region, the largest signiﬁcant increasing trend occurred at a rate of about +12.3
and +4.6 days per decade at Satara (in western
Maharashtra) and Visakhapatnam (in coastal
Andhra Pradesh), respectively. South region has
largest increase in summer HT days at Shimoga (in
Karnataka) and Arogyavaram (in Andhra Pradesh),
with trends at a rate of +6.5 and +6.1 days per
decade, respectively.
3.5.2 Periods 1969–1990 and 1991–2013
Dividing data for 1969–2013 into almost two equal
periods, ﬁgure 5(b and c) shows spatial patterns
of summer HT days trends for 1969–1990 and
1991–2013, respectively. Out of total 176 stations,
116 stations showed decreasing trends during the
ﬁrst period of 1969–1990, only 70 stations have
decreasing trends in the second period 1991–2013.
The split up of the overall period of study into
two halves helps in better understanding of
changing patterns of HT days and their distribution across India. It is clear from spatial patterns
that the two periods have some contrasting features of magnitude as well as sign of trends in summer HT days. During the ﬁrst period of 1969–1990,
majority of stations in north, west, north-central,
east and south-central have decreasing trends as
shown in ﬁgure 5(b). In each region, stations having
largest decreasing trends during the ﬁrst period are
Pilani (–6.6 days/decade) in north, Jalore (–11.3
days/decade) in west, Wardha (–18.8 days/decade)
in north-central, Bagati (–15.9 days/decade) in
east and Medak (–22.7 days/decade) in northcentral. Only south region of India has increasing
trends in HT days during 1969–1990 where
Dharamapuri (+20.8 days/decade), Coimbatore
(+20.6 days/decade), Tiruchirapalli (+12.2 days/
decade) and Tirupattur (+11.5 days/decade) have
large signiﬁcant increasing trends. In contrast
to the ﬁrst period, majority of stations in
north, west and north-central regions show increasing trends in summer HT days in the second half
period of 1991–2013 as shown in ﬁgure 5(c). While
overall cooling is seen in the ﬁrst half, there is general warming in HT days at most of the stations
in the latter half. Stations having largest significant increasing trends in HT days during 1991–
2013 are Sriganganagar and New Delhi (+6.3 days
per decade each) in north, Jalore (+19.9 days per
decade) in west, Panna (+15.6 days per decade)
in north-central, Bhubaneswar (+10.5 days per
decade) in east, Visakhapatnam (+18.1 days per
decade) in south-central and Karur Paramathy
(+19.9 days per decade) in south regions.
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3.5.3 Mega cities trends
Rapid urbanization is occurring largely in developing countries where a massive demographic shift
has enormous implications in terms of poverty,
natural resources, and the environment. Urban
artiﬁcial covers like concrete, asphalt, etc., substantially modify the energy budget of cities leading to
changes in local climatic conditions.
We have examined the behaviour of summer HT
days over 25 selected cities with million plus population (mega cities) in India, some of which are also
state capitals and the trends are given in table 2.
Among the selected mega cities, Mumbai is highly
populated with 18.39 million people while Kota has
just 1 million. Out of these 25 mega cities, 17 cities
have long-term mean summer HT days on more
than 50% of the total period of summer season
(122 days). The long-term mean summer HT days
are highest in Ahmedabad (88.7 days) and lowest
in Mumbai (4 days). However, among the selected
mega cities, summer HT days variability is highest
in Mumbai and Coimbatore (77% each) indicating high probability of sporadic hot years. Summer HT days variability is lowest in Gwalior (12%)
which also has higher long-term mean HT days
(76.9) suggesting persistence in warm years. Out
of 25 mega cities, 16 show long-term (1969–2013)
increasing trends which are signiﬁcant at Kolkata
(+2.73 days per decade), Chennai (+2.96 days per
decade), Jaipur (+2.91 days per decade), Visakhapatnam (+4.59 days per decade), Madurai (+4.57
days per decade), and Rajkot (+2.36 days per
decade). The comparison of features of trends for
two split period of 1969–1990 and 1991–2013 suggest considerable increase in summer HT days in
highly populated cities of Mumbai (+2.16 days per
decade), New Delhi (+6.3 days per decade), Chennai (+7.96 days per decade), Jaipur (+7.73 days
per decade), and Visakhapatnam (+18.14 days per
decade) during the recent period of 1991–2013.
Among the mega cities, the highest rate of change
in summer HT days is obtained for Visakhapatnam
which has seen discernible warming in 1991–2013
period with change in mean from 18 days (1969–
1990) to 25 days and highest number of HT days
65 occurring in 2012. A strong cooling trend at the
rate of –9.02 per decade is also observed in Coimbatore during the period of 1991–2013 which has
seen decrease in mean HT days from 25 days in
1969–1990 to 19 days in 1991–2013.
3.6 Temporal variation of region level
averaged HT days
Temporal variations in region level averaged HT
days in India for summer season (March–June)
during 1969–2013 are shown in ﬁgure 6. The
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summer HT days have increased by 3%, 5% and
18% in north, west, and south regions, respectively
and decreased by 4% and 9% in north-central and
east regions, respectively during 1969–2013. Region
level average HT days obtained are 51.1, 57.9, 71.9,
27.3, 53.2, and 38.0 in north, west, north-central,
east, south-central, and south, respectively during
1969–2013. However, steady increase in HT days is
evident over north, west, and north-central regions
as shown in ﬁgure 6, where extremely hot summers
occurred in the years 2010, 2009, and 2012. While
year 2010 is the hottest summer year in north, west,
and north-central regions, there is no common
year for east, south-central, and south regions
which have 1972, 1973, and 1983 respectively as the
hottest year indicating regional preferences in hot
summer years in India. Other hot years in north
are 2012 and 2009, in west 1969 and 2009, in northcentral 1969 and 2012, in east 1979 and 2012, in
south-central 1992 and 1972 and in south 1998 and
2012. At region level, the coolest summer years are
1982 in north, 1997 in west, 2013 in north-central,
1971 in east, 1990 in south-central, and 1977 in
south. The increase in summer HT days will profoundly aﬀect the economic activities and social
life, especially when projected into the future under
conditions of continuous global warming.
3.7 Nino 3.4 index and summer HT days
correlation
A strong interannual link between Indian mean
temperatures and sea surface temperature (SST)
of eastern Paciﬁc and Indian Ocean was found by
Kothawale et al. (2010a). They have concluded
that El Nino is impacting surface temperatures in
India signiﬁcantly. We have made an attempt to
assess the impact of Nino 3.4 Index on summer HT
days for six selected regions of India by calculating the coeﬃcients of correlations. Table 3 gives
coeﬃcients of correlation between detrended SST
anomalies over Nino 3.4 region (5◦ N–5◦ S, 120◦ –
170◦ W) for DJF (December, January, February),
JFM (January–March), FMA (February–April),
MAM (March–May), and AMJ (April–June) and
detrended summer high temperature (HT) days
anomalies over six selected regions of India during
1969–2013. The magnitudes of coeﬃcients of correlation are lower (ranging between –0.29 and +0.23)
for north, west, north-central, and east regions
while it is higher (lying between +0.31 and +0.55)
for south-central and south regions of India. While
north region has a signiﬁcantly negative correlation with AMJ Nino 3.4 index, south-central and
south regions have signiﬁcant positive correlation
for DJF, JFM, FMA, MAM, and AMJ. A scatter plot of Nino 3.4 anomalies for FMA and summer HT days anomalies for south-central and south

regions (ﬁgure 7) suggests higher (lower) HT days
in years of strong positive (negative) Nino 3.4 index
for FMA. For example, Nino 3.4 index was lowest
(–1.2) in 1974, 2000, and 2008 and summer HT
days in south-central region were also low (54.8,
45.9 and 43.5 days, respectively). Similarly, the
year of highest Nino 3.4 index for FMA (+1.5 in
1983) has higher summer HT days in south-central
(61.2 days) and south (53.3 days) regions. The
Nino 3.4 index was +1.4 in 1992 and 1998 while
summer HT days in south-central region were 64.4
and 45.5 days respectively and these were 58.6 and
51.8 days respectively for south region. The correlation analysis suggests that Nino 3.4 index of
preceding months, for example, FMA can be used
as an indicator of summer hot days over southern
India.
4. Conclusions and discussion
Global warming plays a key role in the variation
in temperature extremes and a recent evaluation
by IPCC has reported an acceleration of warming,
which is mainly caused by the eﬀect of greenhouse
gases (IPCC 2013). There has been an increase in
the maximum temperature during the last century
over India as well (Dash et al. 2007). Therefore, it is
necessary to understand the climatology and longterm trends of summer high temperature days in
India. In this study, we have examined the statistics
and behaviour of summer HT days over India using
data from 176 surface meteorological stations for
the period 1969–2013. On long-term basis (1969–
2013), the summer HT days have increased in north
(3%), west (5%) and south (18%) and decreased
in north-central (4%) and east (9%). The data
analysis reveals main regions of large number of
HT days in west, north-central, and south-central
regions of the country where most of the stations
have higher long-term mean summer HT days (>80
days) and lower standard deviation (<15 days).
This may be due to the fact that these regions
are at low elevation and semi-arid to arid situated
adjacent to the great Thar Desert of India from
where dry and hot winds blow. The variability in
the number of summer HT days is large in east
and south regions, especially over Gangetic West
Bengal, Orissa and Tamil Nadu suggesting these
regions are prone to sporadic extreme hot summer years. With massive urbanisation, mega cities
in India are prone to rapid unplanned growth and
increase in human population. As population grows
in cities, concerns are raised about the warming
caused by quick urbanization and modiﬁcation of
land surfaces. Climate conditions such as consecutive warm days can have important impacts on
human society, economy, and environment.
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The trend analysis shows that there has been an
overall increase in the number of HT days across
India, while this increase happened mainly in the
latter half of the study period. In the ﬁrst half of
the study period (1969 to 1990), a decrease in the
number of HT days was recorded in most of north
(3%), west (6%), north-central (6%), east (5%),
and south-central (8%) while it has increased by
13% in south region. However, during the second
half (1991–2013), summer HT days have increased
by 5% in north, 6% in west, 1% in north-central
and 2% in south region. Therefore, it is evident
that the latter period (1991–2013) has experienced
sudden increase in summer HT days over north,
west and north-central regions and along eastern
coast of India, with the shift occurring in the
mid to late 1990s. Similar results have been
reported by Dash et al. (2007) for states like Orissa
and Andhra Pradesh on the east coast of India. The
increasing trends in summer hot days over India
during the period of study corroborates well with
the projections given by IPCC (2007) and potential
future assessment of changes in climate extremes
given by Tebaldi et al. (2006). Our study has also
revealed that the frequency of higher HT days is
spatially as well as temporally diﬀerent in diﬀerent regions of the country. High temperature spells
occur when a system of high atmospheric pressure
moves into an area where air from upper levels of
atmosphere is pulled down leading to cloud free sky
resulting in increase in temperature. The combination of all these factors come together to create
the exceptionally long spells of hot temperatures.
These hot spells are moderated by pre-monsoon
thundershowers and rapid northward progress of
monsoon. For example, during 2013 (coolest year)
there were regular pre-monsoon thundershowers in
west and central parts of India. Furthermore, while
the monsoon onset was on time (1 June, 2013),
its advance was very rapid as it covered whole
country by 16 June, 2013 thereby reducing HT
days both temporally and spatially. On the other
hand, in 2010 (warmest year) monsoon onset was
on 31 May but it remained stagnant mid-way over
north Maharashtra till 4 July, 2010 and covered
entire India on 6 July, 2010 resulting in more hot
days over large parts of north, west, and central
India.
Eﬀects of climate change will lead to more and
more hot days than cold days as given by IPCC in
a recent report (IPCC 2013). Changes in high temperature extremes will lead to signiﬁcant increase
of heat exposure during the summer season in
most parts of India. Years of higher temperature
days can cause massive deaths from hyperthermia,
large scale crop failures, and shortages of water
resources and power supplies (Haines et al. 2006;
McMichael et al. 2006). High temperature days
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are also regarded as the most prominent cause
of weather-related human mortality in the USA
(Luber and McGeehin 2008) and such events have
the most obvious eﬀect on infectious diseases. It
is extremely likely that human inﬂuence has been
the dominant cause of the observed warming since
the mid-20th century (IPCC 2013). The results
of this study will help general public as well as
administrators to recognize the risk to society from
high temperature events in India.
Following are the main conclusions of this
study:
• Summer high temperature days are having longterm decreasing trends in north-central and east
regions and increasing trends in west, southcentral and south regions of India during 1969–
2013.
• Highest maximum temperature trends in summer season during 1969–2013 are signiﬁcantly
increasing in all regions of India except over east
where it is signiﬁcantly decreasing.
• Out of 25 selected mega cities, 16 are showing long-term (1969–2013) increasing trends in
summer high temperature days, which are significant at Kolkata (+2.73 days per decade), Chennai (+2.96 days per decade), Jaipur (+2.91 days
per decade), Visakhapatnam (+4.59 days per
decade), Madurai (+4.57 days per decade), and
Rajkot (+2.36 days per decade).
• Striking feature of the trend analysis of mega
cities is the sharp increase in summer high
temperature days during the recent period of
1991–2013 in highly populated cities of Mumbai
(+2.16 days per decade), New Delhi (+6.3 days
per decade), Chennai (+7.96 days per decade)
along with Jaipur (+7.73 days per decade), and
Visakhapatnam (+18.14 days per decade).
• By splitting study period (1969–2013) in two
halves (1969–1990 and 1991–2013), we have found
contrasting features of trends in high temperature days supporting summer warming over
north, west, north-central regions, and east coast
of India during the latter half (1991–2013), suggesting abrupt change in numbers of HT days
probably in mid 1990s.
• The analysis of high temperature days shows
occurrence of the warmest summer in 2010 and
the coolest summer in 2013 during the period
of study. Further, there were 15 warm summer
years in India during this period out of which
8 occurred in the last decade (2010, 2012, 2009,
2004, 2003, 2002, 2007 and 2005). Also there were
8 cool summer years (2013, 1990, 1989, 1971,
2001, 1978, 2008 and 1997).
• Summer hot days over southern India indicates significant positive correlation with Nino 3.4
index.
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