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ABSTRACT

Present paper focuses on the variability and trends in annual, seasonal and manthly maximum
and minimum temperature and other temperature parameters over India as 2 whole and over
different homogeneous region designated az Western Himalaya (WH), North west (NW), North
central (NC), Mortheast (NE), Interier Peninsula (IP), East ceast (EC) and West Goast (W) duiring
the period of 1975 ta 2007 Analysis on the variabllity and trands In temperature is also presented
aver widely spaced 23 stations in different subdivisien over India Using the percentile values
{extreme temperature indices), the number of hot and cold days in dally maximum temperature
and number of hat 3nd cold nights in dally minimum temperature were caiculated for svery
maonth, s2sson and y=ar during the entire period of study. Annuzl mean tempersture ovar India
as 3 whole Is obzervad to be 245C with inter-annual variabliity of 11%. Diunal temperaturs
range (DTR) is found 10 vary by 1 73% over the India 3s 3 whole The DTR during pest monsoon
seacan is most variable compared 1o other s2asons over country. Variation in minimum temperatura
iz higher than the maximum temperature over the country 35 2 whols and in its homogensous
reglons Highest variability in annual mean maximum and minimum temperature iz observad In
WH r=gion and most significant and accelerated Increase in day and night temperature s also
ghserved st the rate of 0.62'C and 0.40°C/ decade In WH region. Annusl mean maximum
temparaturs is also significantly increasing in WH, NW and in WC regions while annusl mean
minimum lmy;era%um showed positive and significant trend in WH, NW, NC. NE and WC

Annual frequency of hot days showad comparativaly incressing at higher rate in the subdivisions
situated in paninsular and southem part of country Significant and fastest increase in hot days is
found during monsoon ssason at the rate of 2 1 days/ decade. Occurrence of hot nights is observed
to be significantly increasing annually at more accalerated rate in porthern India Annual frequency
of cald nlght over the country as whole clearly showed slgnificant decreasing trend st the rate of
9.0 days | decade All the seasons in country 3= whole showed significant dezlining trends in
frequency of cold nights and steeper decling is found in monsaon s=azon

Keywords: Maximum femperaturs minimuny fempersturz, ot days. cold days

Introduction

Thers = genera| consansus within the scientific

1997. Gallo st al, 1999 Chase =t al. 20006
Feddems et al 2005 Christy et 3l 2006

community that g!uhai surface lemperatures have
been increasing in recent decades In 2007, the

intergovemmental panel an climate change report

mentionad thatthers is rise in temperature by 0 74
"C in twentleth century and also projected a
warming of 0 2°C/decade Recentstudles have alzo
shown that the anthropogenic forcing due to land-
use-and land-cover changes [LULCC} may also
significantly modify the temperaturs trends (Bonan
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Wichansky atal 2008 Betis stal, 2007) ti=also
found that LULC changes hava contributed In
warming over Westem India by 0.06°Cidecads
(Navek arid Mandal 2012) which is guite consistent
with the rasuit of the present study Regienal
surface temparature trends may have different
warming rates ar 2ven coofing trends relating 1o land
coverfland use changes (Kalnay and Cai, 2003;
Findell etal 2009 McCarthy etal 2010) such as



urbanization and irrigation (Kueppere et al, 2007
Puma and Cook 2010) The Lirban heatisiand efiect

can also have a significant impact on warming

trends:(Oke, 1973; Karlstal | 1988) Thecauseof
increased heating in urban arez may be from the
trapping of the reflizcted solar radiation by the namow
arrangament of bm!dings which is ullimately
absorbed by the walle of the buildings Other factors
such a5 increased atmospheric pellutants

production of waste heat from alr-condifioning

refrigeration systems and industrial processes alsc
cantribute o a higher minimum temparature Saveral
ressarchers have assessed the frends in surfacs
tamperature af global and regionallevel Rupakumar
and Hingane (1988) investigated long tarm variation
of s=asonal and annual surface temperature at
major industrial and nen industrial cities and
conciuded that non industrial cities did nat show
any significant frends wheteas the Industrial cities
either showed a cooling tendency after 1950
Kothaweale and Rupakumar {2005) observed that
surface temperature trend over India asa whalsin
tha pariod 1991-2003 showed significant warming
and accalerated warming in the pariod 1971-
2003 IPCLC r=port alsa state that after the year
1998, the next nine warmest years ars in the
decade during 2001-2010, Chorde et al, (2009)
found Inconsisiant climate 123ponse to urbanisation
in folr mega cities of India. Kethawale et al (2010)
has siudied the temperature extrame for pre-
monsoen and showsd that in generalthe frequancy
of occurrence of hot days and hot nights is observed
to be increasingand cold days and cold nights have
shown wide spread dﬁnf&ﬂﬁfﬂg trand over the
seven homogeneous regions of India Dash and
WMamaain (2011) indicated a significant decrease
in tha frequéncy of occurrence of cold nights In the
winter menths In homogsneous r2gions in the north
axcept in the western Himalayva and maximum
warming in the west coast compared to other
reqions:

In the presenl paper, an attemp! has been made
to investigate the annual seasonal and monthly
trends and intra-annual variability over the country
as 8 whele and in its seven hemogsnsous zonas
in maximum temperature and minimum
temparature The trends in mean temperature and
diurnal temperature range (DTR) have also baen
studied Study Is also performed on sub-divisianal
lzvel to Investgate the manthly. seasonal and
annuaitrends and variaBHlity In maximum. mipimum
and highest maximum, lowesl minimum
temparature al wide spread reprasentative stations
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in 23 different subdivislons over Indla during the
period of 197516 2007 Using the percentile valuss
a5 3 threshold [extrems temperaiure indices). the
hot/cold days as wali a= hoticald nights are ussd
fo eslimaie the frequencies of exireme temperaiure
avents Location of mateorologlcal stations in
differant subdivisions of India undar present study
iz shown in Fig.-1 and diffarent homoganaous
region over the country i5 shown in Fig -2

Fig.1 Location of all the representative stations
under study
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Fig.2 Homogenaous Regions of India



2. Dataand Methodology

The meninly temperaiure datafrom 1575 to 2007
of homegensous temparature regions (wesisn
Himalaya (WH), Narth West (NW) Neorih Cantral
(NC), North East [NE), Interior peninsula (IP) East
coast [EC) and West coast (WC) were obtained
from 1ITM (www tropmet.res. in). The mathodolagy
for preparing the datasets is also available on the
website of IITM. The monthly temperature data
series of maximum and minimum temparature =
averaged out separatzly to get dala seriss of
seasonal and annual mean maximum and minimum
temperatures: DTR time serjes is preparad for each
hemogsneous zane and also over Indiz as whole
by subtracting maximum and minimurn temperature
of each month. Based on climatic features of the
months; India Msteorelogical Gepariment has
defined four seasons: Winter (January and
February), Pre-monsoon (March—May), Mensoan
{June—September) and Post-monsoon (October—
December)

The daily temperature series of widespread 23
meteoralogical stations in different subdivisions over
India from the year 1275-2007 were pbtained from
india Mateorological Department (IMD). Data and
quality s checked by appropriate qualiity control
methods Dafa quality 3ssesament i= an important
requirement before the calculstion of trends since
any srmoneous outlier can have a serious Impact
on thetrands. All the daily temperalure values for
individual stations/meonths that differ fram their
carmesponding long-term mears by meore than four
times their standard deviation ware listed
{Alexander 2tal . 2006) and manually examined to
check the cutfiers if the daily lemperaiures ware
nearly uniform for 3 days befare and afier 3 given
day with missing temperature datz and the weather
condition bn that missing date is alse normal, then
the missing valueis substituted by the mean of the
tempesatures on the preceding and the following
days of the missing date. Allemoneous.values ware
set io missing data

Highest maximum and lowest minimum
temperafurs of each month is averaged to g=l
seasonal mean values for 2ach statien. Highsst
maximum temparature and fowest minimum
tamperature is calculated for each year to.gat the
time sefies of annual mean values for each station
and India a5 3 whols

The arbitrary threshold valuss are ganerally

used whars the climateis lzss variablze [Kothawals
and Rupa Kumar 2005) Hence, in this study

axireme lemparsture indices are calculated bhazed
an the 10" and 90" percentlles: The 10" and 907
percentile values of daily temperatures based on
the period 19752007 have been computed foreach
seasan. Using these percentile values (exreme
temperature indices), the number of hot and cold
days in daily maximum temperaturz and number of
hot and cold nights in daily minimum femperature
were detacted for 2ach s23s0n and year in the enfirs
dala period. The holcald days as well as hoticold
nights are used to =stimate the frequenciss of
sxtrems tempesaturs events In brief the extrame
femperature events-are-as; Hol days = Bays with
maximum temparatures above 30" percantila Cold
days = Days with maximum tamperatures below
10" percantiie Hot nights = Nighis with minimum
temperatures above 90" percentile Cold nights =
Nights with minimum lemperatures below
10" parcentile
Avearaging the seasonal and annual frequancies
of 2ach siation of extrame lamperature svenis have
besn constructed for the couniry 25 a whole Al
large spafial agoregated scale the different time

series for s2ven homogarsous zones and over

caurtry as whole have been examinad to cbserve
the trends and Inter-annual cosfficient of variation
(%%} which is:defined as the ratio of the standard
daviation te the mean Similary, differenttime saries
ofthe stations in 23 subdivisions sre alsp examined
for the trends and variability during the period of
presant study The Mann—Kandall nanparametric
test is applied in order to detect trends. The
magnitude ofthe rends was estimated bsing Sen's
Slope (Sen, 1958).
3. Results and Discussion
3.1 Spatial and tempaoral variability
3.1.1 Mean temperature

Annual mean temperature of India as a whola
is found to be 24 5°C inthe period of present study
\WH r=gion have lowest annual mean temperaturs
12.3°C while over EC region, it is highest up 1o
28 2°C In the other homegeneous zones like NW
NC, NE and over WC. it s observed a5 25.4°C.
24 5°C, 23 6°Cand 26 3'C respectively. [tis clearly
noticad that inter-annual vanability in annual mean
temperaturs gver India as.a whalz wesz 1 1% and
largest variabiTm- iz roticad in the month of February
{5 75%) and least in August {1.22%) shown in
Table-Z¢ The WH region showed highest variability
while lowest in iP region. Variabfiity in average mean
temperature in first half of the year is slightly mare
than secand half of the y2ar In the counlry &5 a
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whole Seasonally, winter mean temperature is
highly varlable in all the homogensous zonas and
over India s a whele and least variable in monsoon
seasan. Largest vanability is observed in WH
{45%) in winter and lowest in the pre-monsoan in
EC (0 92%) (Table-2z).

3.1.2 Diumal temperature range (DTR])

Mean DTR over India as a whole is 12 1°C and
itis largest during winter (14 7°C) and lowest during
monsoon season (6 8°C) LaroestOTR s observed
ever NCreglon {157 °C) during pre-monsoan while
lowest in WC {6:4°C) in monsoon season Lowest
diurnal ranga is observed during the mensoon
season in the entire homogeneous Zone axcepl
aver WH where lowesl diumal range is occuimed In
winter. Diurnal temperatlise range is observed to
be largest in post-monscon season in NW regien
whijle In NC and NE It is ngticed In pre-monsoon
season All the other reglons. In peninsular and
southem Indla, DTR were highest in wintsr, Intar-
annual variabllity in DTR over India as a whole s
noticed 1.73% whereas month wise largssl
variability is ebserved during the month of
December (B.51% ) and tzast in April (3. 22%) and
seasonzlly diurmal temperature rangs in post
monsoon season is highly vaned in the country
Monthly analysis showed that the diurnal range over
India as a wholz js highast in the month of
March{14.7°C), while in NW {16.5°C) November
NC (16.4°C) April, NE (13.9°C) and P {15.2°C)
March, EC (10 4:/C) and WE (13.7*C) February
showed highest diumal range. Most variable DTR
iz ohssrved in WH in the month of Becembear
(19.25%), while In NW. NE and NE. the largest
variahility is observad in the month af July. The
highast variability is noticed in the month of
Navember In IP (9.65% ) and WC (8.06%) whils in
February in EC (9.24%) showed largest variability
in OTH (Table-24d)

3.1.3 Maximum temperature

Maximum tempetature over the country a5 &
whole is observed 1o be 31.3°C The highest mean
maximum lamperatura during all the hemogensous
zones and India as a whole during the period of
study occurred during the month May excapt over
ViH and WC whera it was noticad in the month of
July and-April respectivaly. Highest mean maximum
temperature among the entire homogeneous zone
is found over NW India (38.5°C) in the month aof
May Similarly. in the subdivicions. annual mean
maximum temperatlre was largsst In wast
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Rajasthan (34 2°C) and Kutch (34 2°C) and lowest
mean maximum lemperature is observed In Sikkim
(18 7°C) and Kumaun (Uttarakhand) (18.8°C).

3.1.4 Highest maximum temperatura

Mean annual highest maximum temperatures in
the peried of 1975-2007 Is ahserved to be highest
in West Rajasthan (46 0°C) ovar NW region and
lowest at the station in Sikkim (29 3°C) over NE
Mean annual highest maximum temperature ls
shserved above 45°C over NW reglon at the station
in Delhi and wes! Rajasthan. Most of the statlons
in NW and NC India have mean annual highast
maximum temperature in betwaen 40°C 1o A5°C
during the period of the presant stwdy. Vanability of
highest temparaturs in first half of the year s
comparativaly higher than the latter half of the year
Highesi tempearaiure is also highly varied in wintar
season and leastin monseon season in almost all
the subdivisions in notth while at the stafions in IP
£EC and WC region, maximum variabllity is
observad in pre monsoon season. Annual highest
maximum temperature is highly variable in Sikkim
(8.03%), Coastal Andhra Pradesh (CAF) (5.36%)
and leastvanisble in Madhya Maharashtra (1.73%)

3.1.5 Minimum temperature

The lowest m=an minimum femparaturs s found
in the month of January over India as a whola. Al
homogeneous Zones have Highest mean minmum
tempetaiure in mansoon season (JJAS) except EC
ragion Pre-monsodn seasan of EC region showed
hottest night In the month of May. Over most of
subdivisions except few stations In southerm India,
highest mean minimum temperature is noticed in
mensgon season The inter-annual variabillty in
mean minimum tampsrature ovar India as 2 whoie
s 1.57%, largest 6.48% in the month of November
and minimum in August 1.01% All regions except
WH raglan, the largest inter-annual variabillty Is
chsawad in winler seasan where as In WH region
maxdmurm variation in night temperature is abserved
in pest-maonsoon season. Monthly analysis showad
maximum varability in November in YWH (105.88%)
and [P (6.58%) whila in NE NW and NE region,
maximum variation is occurmad in Febroary (Table-
2b), Maximum inter-annual variation over east and
west coast I8 noficed in Decamber Average
minimum temperature in first half of the yearin the
=ntire homogensous region and aver India as 2
whele showad higher Inter annual variability

«comparad to the Iatter half \WH region showed 50%

mare variability in the first half of the year which is
obsarved to be highesi differance among all the

regions



In the sub dlvisional analysis, night
iemperaturss also showed maximum inter annual
variabifity as like day temperaturas over Himalayan
region Kumaun, Uttarakhand (15 37%) and in
Sikkim (13.01%), All the subdivisions under stugdy
also showed highest variation in minlmum
temperature obssrved in wintar and lowest in
menseon season Station in Uttiarakhand east Uttar
Pradesh (U P), Bihar, Gangetic west Bengal
Vidarbha, SIK have maximum varizghiity in the month
of January while station al Delhi, 2ast Rajasthan,
North east Sikkim. Tamilnadu have maximum
variability in February Maximum vanability in the
month of December is observed in west Rajasthan,
Kutch, east Madhya Pradssh (M P), Orissa,
Telangana, CAP and NIK Inter-annual variability
£203.6%) In minimum lamperaturs in the month of
November at the station in Jammu & Kashmir i is
highly varlable.

3.1.6 Lowsst minimum temperature

Mean annual lowest minimum temperature
during the study period is lowest in JBK (-7.5°C)
oves WH region and largest at the station in Kerala
(15 T5C) overthe WO Highest variabllity in annual
iowest minimum temperature among all subdivision
is noticed in Sikkim (116.7%) in the NE region, West
Rajasthan (72 5% ) and Kutch (71.7%} in NW region
and leastin Kerala subdivision in WC region (2.9%)
Almaost all the subdivisions In the present study
showed largest Inter annual varabliity in ceasonal
mean lowest minimum temperature during post
monsoon to wintar season and least dunng the pra-
monsoon 0 monseon season Lowest temperature
in winter is highly variable in all the subdivisions
and lzast in monsoon se=ason, howevar some
stations in WH, NW |F and NE region showed
comparatively greater Inter annual varabliity in
mean lowest temperalure in pre monsoon season
Monthly analysiz showsd that the lowest minimum
temperaturas wers highly varahis in the month of
January in mest of the subdivisions except at the

station in WH whareit cccumed in March: Siations:

in NE and EC showed maximum varability in the
month of February in the present study,

3.2 Trends in temperatures
3.2.1 Mean temperature

Annual maan temperaturs of the India as a
whela is noticed significantly increasing at the rate
of 0. Z2°Cidecades and significantly increasing in
wintar 0.28°C/decade and monsoen seéason
0 16°C/decade over the country as a whale
Significant warming in the month of February

March, July, August, Ssptembear, Novembsar and
December is also observed aver the country ds a
whale. Significant increasing trend is observed in
all the seaszans in ' WH and WC WH region is
obsanved to be significantly warming at the highest
rata durir’r,g,al] the seasons and amaong the entire
zanes in the country. Mest fastest and significant
warming is noticed In wintar (0, 84"C/decade}in WH
region (Table-1c¢) Similardy mostsignificant wamming
trend =t higher rate Iz noticed in monsoon and post
monsoon season over NE. Significant warming
trend is also abserved during winter and the pre-
mansaon in NW region while winter and monsoon
in 1P and ET reglon. Ne significant trend issaenin
MC reglon

3.2.2 Diurnal temperature range

Annual mean OTR did not show significant trand
gver the country as a whole ar in any homogeneous
zane, while seasonally positive significantirend s
ghsarvad during pre-monsoon and post-mansaon
szasun In WH regien while negative slgnificant
trend is noticed over WH during monsoon season
and during the pre-monsaon season over NE region
Mast significant and positive trend is seen in
Fabruary and March at the rate of 0 §2'Cl/decade
in WH region (Table-1d)

3.2.3 Maximum temperature

Annual mean maximum temperature showsad
significant increasing trend at the rate of 0.22°C/
decade aver Indla as a whole during the perlod of
study. Inthe homogensous zone, except NC. and
NE region all the otherregions:showed significant
increasing trend in annual mean maximum
temperaturs with maost steeper and positive trend
atthe rate of 0 82°C/decade is seen In WH region
{Tabie-1a)

All the seasons excspt monsoon s=ason
showed significant rising trend in maximum
temperature over Indiz as.a whole although mean
monthly maximum temperature of July and
Movamber is found significantly increasing overthe
country. Maximum temperature ever WH and WC
iz observed te be significantly increasing during all
the zezzons whils no stgﬂlf'canl trend I= found in
any season over NC region. Maximum temperature
of WH. NW_ IP. EC and WC region is significantly
increasing 0 winter and stesper increase is
observed ever WH region at the rate - of ~1.1°C/
decade Day lemperatures in the pre-monsoon is
mest significantly increasing over WH NWand WC
region while meosl significant wamriing in monsoon
seazon is seen over WH and WC reglon anly
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Significant wamsing in day lemparaiure In_post
monsoon season is only noticed iIn WH, NW_ NE
and WC region

Maonthly mean maximum temperatures of the
months from August 1o December along with
February, March and Apfl over WH and WC
regions showed significant Increase In maximum
temperaturs. Significant decreasing trend is anly

secn st the station in EC in the month of June-and:

Gctobar In WH and NW regien first half of the year
(wintat to the pre-mansoon season)shawed greater
rate of warming in maximum temperature while in
{P EC and WC, faster rate of warming Is noficed

during the posi-maonsoon ta winler sesson (Table-
1a)

Annual mean maximum temperaiure of the
country as 8 whele, based on the maximum
temparaturs of the stations in different subdivisions
understudy is found to be significantly Increasing
at the rate of D.15°Cl/decade. Most accelerated
significant increase in annual mean maximum
temperature at the rate of 0.45°C /10 year is

obssrved af the statien jn sast Rajasthan in NW
region_ along with itthe station in Kumaun ragion in
Uttarakhand (WH), Wast M P (NC), and Vidarbha,
Telanganz (IF), Orissa, Tamilnadu (EC). Madhya
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TABLE-Z

Coefficent of Variation (%)
Meximum Tamperators | Minimum Temperature
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Maharashira and Kerala in (WC pshowed significant
warming in annual msan maximum iemperaturs

On seazonal scale szasonal mean maximum
iemperature during winter is noticad significant
increase in Telangana in [IP), Tamlnadu, Orissa
(EC) and Kerela(\WC) while in the pre-monsoon
west Rajasthan (NW), Tamilradu (EC}and Kerala
(WC ) showed significant warming and at the station
in Kutch (NW), significant coofing trend is observed
atthe rate of § 33°C (10 year Monsoon season of
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the station in JAK (WH), Narth East (NE), Tamil
nadu (EC) and Kerala (WC) showed significant
increasing trend in mean maximum temperature
during the period of present study. Post monsgon
season of the station in East Rajasthan (NW),
Vidarbha (IP), Tamiinadu (EC) and Kerala (WC)
showed Increasing frend while the station in east
L P and Gangetic west Bengal showed significant
dacraasing trend at the rate of 0. 257C, 0.18°C/10
vear respectively.



Monthly trand In mean maximum temparatuss
ciearly Indicate the significant incraasing trend in
mast of the months in Tamilnadu and Kerala and
decreasing trend in most of the maonth in Bihar
{Table-3a). Highesi rate of significant cooling in day
femperaturs & observed in January (-1 35T/ 0 year)
in Bihar, Similarly, station in Sikkim showed a
decreasing trend in mast of the months but
significant anly in April and June. If iz conspicuously
obsarved thal average maximum lempesature in fist
halfof year overthe country showsad significant and
faster rate of increase than in later half and also
with-average maximum temperature of winter and
posi monseon taken together.

3.2.4 Highest maximum tempersature

Annual highest maximum temperature over the
courtry as a whole Is found to be inoeasing at the
rate of 0.03°CN0 year (insignificant) It Is seen
significant increasing at the station in JAKOWH),
Telangana (IP) and in Kerala(WC) and at the largest
rate in Telangana (IP region) (057 C/10 yaar) On

at the rate of 0. 20°C/10 years Posilive and

significant irend is observed over all regions except

IF and EC (Table-1b) Most significant and stesper
warming trend in night tempsrature is s22n in
westem and eastem Himalayan region

Seasonzl mean minimum lemperatire over the
country as a whole Is significantly increasing during
winter, pre-monsoon and monsoon seasans [ Table-
1b}. E'rgniﬁr:antwmm{ng trend in night temperatures
durlng winter is noticed in all the. humugannﬂus

regions except [P and EC. highest aver WH rzgion
(0 555C .':te:.ade} while during pre-monssaan,
significant incraasing trand is obsarved over all the
regions except P Only NW did not show any
significant trend In monsoan seasén No significant
trend is noticad during the post-monsaon szason

Average minimum temperature in the first half of

the olhsr hand significant decraasing trend Is

ohsarved at the station in Sikkim

Significan Increasing irend at the rate of 0.53°C/
10 year is noticed in winter seasan aver the couniry
as a whole. Seasonal mean highest tempsraturs in
winter is found o be significantly increasing at the
station in Uttarakhand [WH) | 2ast Rajasthan(NW).
west M P, Telangana, NIK SIK (IP) and Karala
Madhva Maharashira (WC) largestraiz of incrzase
is szan at zast Rajasthan (0 B4‘C/decade) in NW
region. Maan highast emperaturs in the pre-
mansoon season is obsarved to ke significantly
increasing at Delhl, Rzjasthan (NW region) Madhya
Maharashira. Kerala (WC), Vidarbha, Telangana
(IP}. Kumaun region of Uttarakhand and JAK (WH}.
The JAK Subdivision (WH) showed fastest and
significant mcrease at the rate of 0 95 “C110 year
Significant increasing trand during the monsoon
se3son is sesn mainly ai the station in J&K (WH)
Narth aast(NE) Tamilnadu (EC} and Kerala{WC)
while significant decrezsing trend in Sikkim (NE)
Similarly positive significant trend during post
monsaor s noticad al the statlon in J&K (WH), sast
Rajasthan (NW), Northeast (NE), Tamilnadu (EC)
and Kerala (WC) Manthly highast temparature is
observed to be jncreasing in mest of siations in
month of Decemier and January and decraasing
in the manth of June

3.2.5 Minimum temperature
Annual mean minimum iemparature over India
asawhole is observed to be significantly increasing

the year over the country and in WH, NW NC NE
and in WEC showed significant increasing trend at
the rate more than twice the rate in later half

In the Individual months, the largest rate of
incraass in night temperature isnolicad in the menth
of Fabruary 0 38"Cidecads ovar the couptry as a3
whole The months July August, and Septamber
also showed significant warming in night
temperature aver the country as a whols (Table 1b)

‘Except the menths Ociober and November, rest of
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the months showed significant increasing frend over
WH region, The mean minimum lemperaturs of
February Is noticed significantly incraasing over all
the homogeneous regions in the northem India (WH.
NW. NC and NE)

Analysing the sub-divisional annual mean
minimum lemperature. slgnificant increase Is found
over the country at the rate of 0.29 “CIM0 year.
Excapl at the siation in Bihar. most of the
subdivisions in rerthemn India showad significant
increasing trend Stations in Uttarakhand (WH),
Daihi. Rajasthan, Kutch in NW._e2astM P, Gangetic
West Bengal slong with Nerthaast and Sikkim in
MNE showed significant increasing trend in annuai
mean minimum temperaturs

Season wise: the mean minimum temperaturs
during winter is obsarved te be: significantly
increasing in Uttarakiand in WH, Madhya Pradesh
(NC), Gangetic West Benga! and Sikkim in NE-and
most accelerated increase in noticed in Delhi, Kutch,
west Rajasthan in NW ragion Similariy at the
station In Garhwal Uttarakhand in WH. Belhi,
Rajasthan. Kutch (NW), 2ast M P (NC), Gangetic
West Bengal and Sikkim (NE) and over southem
India the station in Madhya Maharashira (WC) with
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Tamilnadu (EC) also'showed significant increasing
trend Inthe pre-monsoon sesson. Night
temperaturas at the station In Uttarakhand (WH .
Delhi (MW), eastM P (NC), Orrisa, Gangatic west
Bengal, Martheast, Sikkim (NE) while in southem
india, Madhya Maharashtra (\WC) and Tamiinadu
(ECyshowed significantwarming frend in Monsoon
season { Iable 3b) The station in west Rajasthan
and Kutch in NW region showed much steeper and
significant warming trend atthe rate of 0.95°C and
1 1°C10 yearrespectively in pest monsoon s2ason
along with Uttarakhand (WH), Nerth 2ast. Gangstic
wast Bengaland Sikkim in [NE ) while at the station
in Elhar, thare is a significant decreasing trend in
tha season atthe rata of 281 “CN0 year None of
statiens in southem Indle showed any significant
trend in post mensoon season, All the seasens at
the station of Sikkim (NEj showed significant
ha:;éase in night temperature. In most of the manths
in year at the stations in Sikkim, Gangstic West
Bengal. east M.P , Kutch and Uttarakhand showed
a significant rlslng trends in night temperatures

Minimum temperaturs in NW region showad faster
rate of increase during post monsaon o winisr
Season

3.2.6 Lowest minimum temperature

Annual lowest lemperature ovar the country as
a whols did not showed any significant trend
however stations In west Rajasthan (1.55°C), Kutch
(1.69%C) in NW region aleng with Northeast
{0 61°C). and Sikkimi 0 57"C/decade in NE region
showed significant increasing trend in the annual
lowestiemperature Cooling trend in annual lowest
temperaiure is obsarvad atthe station in Bihar, zast
U P, Crizza in nortivarn Indis while cosstal Andhra
Pradesh (CAP). NIK and K=rala In seuthern part of
country but significant anly 2t Bikiar, CAP and NIK
subdivision.

Mean iuwﬂal tlamperaturs over couniry as a
whole showed significantly inereasing trend only In
winter and pest mensoon atihe rats of 0 35°C and
0 15" Cldecade respectively Ssasonal mean lowesst
tempearature is significantly Ingreasing during all the
season ai the siation in Northeast and Sikkim in
NE with Uttarakhand in YWH region Itis also found
increasing significantly at the statien In west
Rajasthan and Kutch in NW in ail the ssasons
axcept in Monsoon season, 1he masl slesper and
significant rate of increase is obsarved is seen in
winfes, pre-monscon post monsoan season in west
Hajasthan and Kutch in NW region Seasonal mean
lowes! tempetaturs is also se=n significant

11

Increasing trend at Delhi and Uttarakhand In all
seastn axcep! pasi Monsoan season

Monthly lowest temparaturs is found significant
increasing in all the months of the year in Sikkim
and except Augusi. September and October in
Uttarakhand (Garlhwal)l Mest of subdivisions in
northiern (ndia had significant Increasing trend in the
manth of Febrzary, March and Decembar. Monthiy/
seasonal mean lowest temperature did not =show
any significant trend in most of the subdivisions in
Sauthemn India

4. Trends in temperature indices
4.1 Frequency of hot days

Annual number'of occurrence of hol days over
Indiz is-obsarved to be increasing significantly at
therateof 5 5 days/decade (Figure3a) Annual over
any humugﬂnaauﬁ rﬂgluns (Table-1b) frequency
of hot days Iz increasing significantly with highear
rat= In the subdivisions locatad in southermn part of
the country which Is quite consistent with the trends
in maximum temperature. In Kerala (WC)
subdivision, thete is annual significant increase of
23 3 daysidecade Is found, while in Tamilnadu (EC),
it is significantly mu&aﬁing a3t the rate of 14 Sdays!
decads Slmllﬂrly in Telangana-and Vidarbha (IP),
rate ofincraase in annual frequancy of hot days is
found 7 5days/decade and 14 days/descads
respectively The highest increase in annual
fraquency ofhotl days over north India is noticad at
the ztatlon In JAK and 2ast Rajasthan atthe rate of
13.8 days and 10 5 days/dzcade raspectively white
west M P Orissa showed significant Increase at
therate of @.1days and 5. 1days/decade (Table-4z).

Trand analysis is performed for ail the szason
aver the country. Analysis indizates significant
increase in hot days only during winter, monsoon
and post monsoon season at the mte of 1.1, 2.1
znd 1.6 days/decade respectively (Figure-3)
During winter season, significant incresse in
frequency of het days is noticed in Madhya
Maharashira, Telangana, CAP. Tamiinadu, NIK, SIK
and Kerala siuated over southarn parl of country
at the rate mnging from 2 4 days o 3 3 days/decads
while in nofth, sigoificant increasing rate ranging
from 1 4 days 1o 1. 9 daysidecade is observed aver
Utiarskhand. sast Bajasihan and Orrisa. The pre-
moensoon season. being the hottest season, only
J&K :and stations in sast and wast Hajasthan
showed significant increasing frend at the rate of
4.0 days, 2.3 days and 27 daysidecads
respactively Occurrance of hot days in monagon
season Is significantly incraasing only atthe siation
fn J&K and Norih east at the rate of 5.9days and



3 9daysidecads r%pscﬂvely and &t the =tations In
southem India significant increase Is observed at
the station in Tamilnadu (5.0days). NIK (3 1days)
and in Kerala (6 7days/decade). Significant
decrease is noticad in Sfkkim at the rata of 3 ddays/
decade During post monsoan season significant
increase in number of ho! days Is found in J&K and
Nerth east as wall as in Tamilnadu and Karala
Malority of stations shawed negative trend in
occurience of hol days during post mansoan
season but not statistically significant like Dslhi,
Kutch in NW, east UP, 2ast M P, Bihar in NC
sangafic West Bengal and Sikkim in NE. In the
monih of January, mpst ef the stations showed
significant increasing trend in sccumencs of hot
days {Table-4a),

4.2 Frequency of cold days

Annual frequancy of cold day over India as a
whole s decreasing significantlyat the rafe of 22
dayl:*decade (Fig-4b). Annual frequency is also

significantly increasing only at the siatlon in 2ast
UP. and Gangetic West Bengal at the rate of
6.3days and 5 3daysidecads. On the other hand
th= stations in southern India, Tamilnadu, Kerala
and Telangana showed significant sharp decline in
frequency of cold days at the rate of 12 2days, 10.0
days and 7 Sdays/decade s noticed Ovar the
subdivisions in north and central India, largest
significant dacline Is se<n in =251 Rajasthan 76
days/decade zlong with Kumaun of Uttarakhand
and west M.P_showed significant decrease In
annual frequency of cold days (Table-4b)

AsTar as seasons over all Indiz is concerned,
analysis showead no significant frend (Fig -4), but

‘some stations showed sigrificant trend In different

seasuns, frequency of cold days are slanificantly
decreasing during winter in Kerala and during pre-
mensoon season in Tamilnadu, Cold days ars
significantly decreasing during monsoon seasan in
Keralz and Tamilnadu both, while significant
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Fig 3 Trends in frequency of hot days over country as a whale (a) Annual (B) winter season (c) the
pre-monsoen szason (d) monsoon Ss£3s0ns (2] post monsten s2ason.
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increacs s ohserved in west Bengal Post monsoon
season In Kerala, Vidhabha, Madhiya Maham=shira,
wesl M.P. and norlh =ast showed: significant
decreasing trend while. significant incraasing only
at Gangetic West Bengal in the seaszon

Frequency of cold days in the manth of January
ic significantly Increasing in Delhi, Bihar and
Gangstic west Bengal Similady, it is impaortant to
note that Kutch in NW India showed significant
increase in cald days in the menth of May (Table-
4h)

4.3 Frequency of hot n{ghts

Most significant and major chanae s noticed In
the eccurrence of hot night over the counfry. On
average there ars 10% night In the year are hot
night in the country and it is significantly increasing
al the rate of 12.9 days/decade (Fig -5a).

Occlrrence of hot nilghis is obsarved to be
significantly increasing annually with accelerated
rate mastly in nothesm India at the stations in Sikkim,
North eastand Gangetic wast Bangal in NE region
and Uttarakhand in WH r=gion, The stations in
Rajasthan, Kutch, M P. Orssa and Dathi also
showed significant increasing trend in frequency
of ot night (Table-53) In southem India. significant
increase is seen only in Madhya Maharashtrs,
Tamilnadu and south interor Kamataka. Significant
decrease in annual freguency of hol night Is only
observed in Bihar.

Signifficant increasing trend Is observed during
all the four seasons of the countiy as a whaole:and
highest rate of Inciease is abserved in the pre-
monsoan (2 6daysidecade) and monsoon season
4. 4E!ay5!dﬂcadﬁ] (Fig -5cand 5d). Number af days
with sitgnificant increase in hotter night in winter is

[ = - _ 200 -
% 600 Al -2.4 days/decade * | 3 F Wistes 0.7 days/decade
3 e
;:?'ED' T :hlu‘u 3
o iy
= g u_u R L T B T BT
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Year
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F'aat Eobih T acnitee - 30.0 - Munsson
. 210 AT capmidacade ; 0.4 days/decade
g = 200
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Fig 4 Same as in Figure-2 but for frequency of cold days:
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Highest and significant decreasing trend in annual
frequency Is seen at the station in Dalhi, west
Rajasthan and Kulch in NWY region. Utarakhand
(WH) and MNorth east whera significant annual
decrease of 10days/decads Is sean Station in east
M.P Qlkl-::m Gangstic West Bengal. Madhya
Maharashtra, Tamilnadu alse showad significam
decrsasing rend inannual frequency of cold night
All the seasons in country as whole showed
significant decline in frequency of cold nights Where
staeper dacline is found In monston season
3. 3days/10 year {Fig -5d) Highest rate of significant
decline iz obssarved at the station in Sikkim aleng
with it ether stations in Garhwal of Uttarakhand

west Rajasthan, Kutch, sast M.P. CAP and
Tamiinadu alse showed significant decreasing trend
but with comparatively slowsr rats {Table-5b) .Only
station in NIK showed significant increasing trend
in occurrence of cold nights In winter. During the
pre-monsoon s2ason, none of siation in southern
India except Madhya Maharashira showed
significant trend in occurrence of cold night, while
in nerthern India station in Uttarakhand, West
Hajasthan, Kutch, North east and Sikkim showed
significant decline in accumence of cold nights

During monspan season comparatively mare
numbar of station showed significant decreasing
trend. stations in JRK, Uttarakhand, Kutch, Gangstic
west Bangal North east, Sikkim Madhya
Maharashira, CAP and Tamilnadu showed
significant decrzasing trend. Many stations showed
increasing trend (not significant) in fraquency of
cold nights s mainly cbserved in post monsoon
seasen overthe country, while significant decrease
in frequency of cold nights In post monsoon season
iz noticed at the station In Garhwal of Uttarakhand,
west Rajasthan, Kutch east M P.. Gangstic West
Bengal, North =ast. Sikkim and in S1K Tabie-5b

Uttarakhand (Garhwal)l, Kutch and Sikkim
showed significant decline In frequency cfcold night
in all the seasons, while in westRajasthan and North
=as! significant decline is observed in all s=asons
2xcep! monsoon season in west Rajasthan and
wintar in Nerth =ast Monthly analysis of trend
show=d that most of the month in the year at the
slatian in Utiarakhand, West Rajasthan, Kutch and
Naorth east showed significant decline In eccurrence
of cold night

Tn a larger spatially aggregated scale, the
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Fig 5 Same asin Fig -2 except for freqguency of hot night.
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ocbserved at the stafion in Uitatakhand, west
Rajasthan. Kutch, sast M P. Gangetic Wast
Bengal and Sikkim in northern India and only SIK
in southern India. The fastest and significant
increase in the pre-monseon season is seen at the
station in Sikkim, Northeast, Gangetic west Bengal
and n Garhwal region of Uitarakhand with SIK in
southem India The stations in Delhi Rajasthan
Kutch, and =ast M P, Oriassa, Madhya
Maharashira and CAP zlse showed significant
increasing trend In frequency of hot nights In the
pre-monsaon season Monsoon season of the
station in Uttarakhand. Delhl and east Rajasthan in
northem India, egst M P in cantral India. Gangetic
Wast Bangal, North =ast and Sikkim in NE reglon
and in southem India Madhya Maharashira. CAFP

and Tamilnadu showed slgnificant Inciease in
frequency of hot nights. Highest rats ofincrease is
observed in Sikkim 10daysidecads in monsoon
s2ason Fost monsoon season in Uttarakhand.
wast Hajasthan, Hutch, North east and Sikkim along
with SIK showed significant rising trend in frequency
af hot nights. whilz in Bihar, significamt decreasing
rend Is noticed Most of the months in the year at
the station in Uttarakhand, Gangetic west Bengal
and Sikkim and SIK showed significant inctesse in
occurrence of hol nights (Table-5a).

4.4 Frequency of cold nights

Annual frequancy of cold night ovar tha country
as whole clearly showed significant decrsasing
trend gt the rate of 8.0 days (decade (Fig-Ba)

won ™ y=-90days/decade.? | L 4o Winter 1.4 days/decade *
= 20,0 s
= % 600 = 100
= - 40.0 E;
ga 20,0 <50
'E ﬂ-n ”E‘ D*u vk md ok bt dofades b @ bk B s bma ’.-l e
1975 = 1975 1985 1995 2005
Year
(a){b)
= - o0 Mansoon -3.3 days/ decade *
= = 300
2 %‘.‘élﬂ.ﬁ
%- ﬂ.ﬂ- EEEEEESS e T T S E ﬂ,ﬂ ¥ = T
= 1975 1985 1995 2005 i 1975 1885 1995 2005
Year Year
(e){d)
= _2p.0 -4 Post monsoon 1.7 days/decade =
=5
3100
gﬁnn -
2005

1975 1985 ., 995

(e)

Fig b Same asin Fig 2 exceptforfraquency of cold night.
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temperature trends in India are found lo be quite
consistentwith the hemispherictrands: Further, the
trends were alse influenced by the variability in
rainfall in the morsoon and post-monsoon seasons
The rse in mean temperature in WH has been
primarily due to rapid increases of both maximum
and minimum temperatures The possible cause of
fasier inazase in temparature in Himalayan region
is the deforesiation. majorchange In land use and
due 1o hlowing of dust and particies of Incomplais
combustion of fossll fueis, bio fuels and blomass
along with the winds towards higher altitude
increasmng the temperature ofthe region Thick haze
and smaoke, eriginating from burning biamass north
eastIndiz and air poliution from large industrial cities
in northwest Indla, changing iz temperature rend
inthe regions
6. Conclusions

1 Imar-annuzal variability in mean temperatuse
over Indla as a whole is found to be 1 1% with largest
variahility is noticed I the month of February
{6.75%) and lzast in August (1:22%) during the
period aof present study Most significant and
widespread pesitive trend in mean tamparature Is
pbsarved during all the seasons over WH and WC
and fastestrate of increase Is noticed during winter
(0 84"Cidecade) over WH region

2 The largest imer-annual variability in day and
night temperatur=s in most oftha regions and over
country 25 3 whole is obsarved during wintsr
seasen Variabllity in night temperatura is
comparatively higher than the day temperaturs over
couniry as a whaole and over all hamogeneous
regions. Most significant warming in day
tempesaturs is only seen during winler and post
monsoeon seasoen white night temperatura during
winter, pre-monsoon and meonsoon season aver
India. @s a whole: The most accelerated and
significant warming in day-and night temperature =
abserved over WH region. The inter-annual
variability in highest and lowest temperaiure is
absarved highast during winter and post monsoan
season In mosi of places Annual lowest and
highest temperature over the country as a whole
did not-shew any significant trend.

3. Annual number of occurrence of hot days
over Indla as a8 whole = noticed wide spread
increasing significantly al the rate of 5.5 days/
decade while frequency of cold day is dacraasing
nearly significant at the rate of £ 2 days/decads
Siations in southem India showed significant sharp
decrease in frequancy of celd days and increass

180

inhotdays Seasonally, none ofthe seasons over
the courtry showed any significant trend In
frequency of cold days.

4 ODccurrence of hot nights over the country
showed the most steepar and wide spread

significant incieasing frend at fhe rate of 12 9 days/

decade and It Is observed to be slgnificantly
increasing annually at more accelerated rate in
northem India mainly in ' WH ang NE regiunﬁ_
Significant increasing trend is ohserved in all the
faur seasons of the country as a whole and highest
rat=z of increase is obsarved in the pre-monsoon
and monsoan season

5 Annual frequency of cold night aver the
country as whole elearly showed significantly
decreasing trend at the ratz of 5 { daysidecade
There ware significant decline in frequancy of cold
nights during all the seasens in couniry as whols
where steeper decline is found during monsoon

season 3 3 daysidecade.
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