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Premise of the study

g olid H31 @ foe i aau™ & 3= g 3ifere del & foe a9
Teil? i qEI |

To examine whether, higher values of temperature are persisting for
more hours? Over the three cities

gfg &, d@f oM a1 gl A gdu RAUfa ok g9 duifaa
SHT 7 87

If so, what is the current status and its likely projections in coming
decades?
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Approach of analysis

< AfFaH AUHE 9P TP S SiavTd & J1Y Udd daHE & fHardt I9g &I
Gﬂqﬁf TMOTET DI 11% Prhe frequency of resident time of each temperature with one

degree interval up to the maximum temperature was calculated.
< Hfp g 3R qut P! B SUARIAT 1969 T &, USHT S=P 1969 -78 V IR=
g3, fih 1979-88 3R FATIT 1971-1980 GRIP & FAS GVIP @l G=TY | Since

the availability of Temperature and rainfall data is from 1969, the first decadal started
with 1969-78, then 1979-88 and so on instead of calendar decade staring from of 1971-
1980.

< WY IR G I g i yafy o1 RRUFT u= & fore v Iy foram WiThe

remaining available period also considered together to get the status of recent period.
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Resident time
% $d Hel DI IS, Th gdf+d dria9= od (T St siarta & a1v)
g TEd ? (SEdPT F WH W), T 99 a7 ¥ e 59 Ay
ATgHE &7 Hard 99 %I Total number of hours, a selected temperature

value (with one degree interval) persists (over the place of observation ), Is

the resident time of that particular temperature for the day.

& Y UPR BT fATAY0 dTIHE BT TP IUTT & Jhdl g, SoRIH g9 Iad STl
S{ATqd sﬁ % This sort of analysis may give an idea of the temperatures

range to which we are exposed the most.
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Percentage frequency -- a standardizing tool

< Rl Pt AR ¥ag F e 3 9@ & R 1@ S & auae, 99 s9ad,
feger, A ok aiftfes & Haey & MUrET B STt %I The frequencies are calculated for

resident time with respect to each degree of temperature for all months, viz., January
to December, seasonal and annual.

< gIffe Mgl &I 3T DI & 1Y AT B & fo¢ TH AHB B0 SUHIU]

& U # yfaza rghwal § uikafda wx f&an sirar 31 ag faft Ser siavmer &

Wﬁﬁgﬁgﬁﬁaﬁgmw,uﬁaﬁéﬁlhmwﬁaﬁwmw
)|

f%maw The annual frequencies are converted to percentage
frequencies as a standardizing tool for comparing with other decades.This method will
rectify the cropping in of errors due to data gaps, if any. Contour analysis of resident
time has also been performed on the data tables.

< Fgdy 19.09 .9 & AT A 8 3R 3w ifiredy 37.0-37.9 &I AT
# 3 91 ST 3 S/IP & AR Biel 74T 3R Fari 99a &t sngft &1
MOMET 19 .0 9 .9, 20.0-20.9, 21.0-21.9, ..., 37.0-37.9 & AU & JaY A gt
Hel9l & fou T, S99 A RUSR d& &1 Sl 8§ iR aifife v I ufa=a
&nqﬁ-l'!ﬁ H gfyafdq Eﬂ' NG| %lThe lowest minimum is in the range of 19.0-19.9 and highest

maximum is in the range of 37.0-37.9. Then sorted the data into decade-wise and frequencies of
resident time are calculated with respect to the temperature ranges of 19.0-19.9, 20.0-20.9, 21.0-
21.9,..., 7.0-37.9 r tively for all the months, viz., January to December and also mre

i converted to percentage frequencies
jo P 98 T N SS Saer=r As=r AseT ¥
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Expected scenario for a station in view of warming of the climate system

o Increase In mean
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The resident time of the lower and higher temperature regime which together
constitute at least 20% of the resident time of the initial decade
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Percentage resident time of the temperature for Thiruvananthapuram
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Temperature =

The shift in the frequency of resident time of lower and higher end of temperatures
(i.,e., up to 24 °C and above 31 °C), The resident time of lower temperatures are

glecreasing and higher temperatures are increasing and the trend
T ‘1 ~
%& Hra +Frtwa fasr=r @ é‘ %
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Percentage frequency of resident time of temperature for Thiruvananthapuram
during 1969-78

1969-1978  Jan Feb Mar Apr May Jun Jul Aug  Sep Oct  Nov  Dec Anmual
190-199 014 009 000 000 OO0 000 000 OO0 000 000 000 0.15 0.03
200-209 121 045 000 000 OO0 000 OO0 OO0 000 OO0 004 043 0.18
210-219 430 18 011 005 000 029 006 005 000 025 031 1.73 0.77
220-229 668 457 089 051 025 243 313 243 086 129 275 251
23.0-23.9 ' 777 368 175 360 941 ' 8.79
240-249 8.97 498 20.8
25.0-25.9 :

26.0-26.9
27.0-27.9
28.0-28.9
29.0-29.9

23 893 : .6 9.6
913 726 665 856 797 89% 932 926
30.0-30.9 550 341 249 500 388 563 82 17
310-319 386 711 - 662 331 077 062 107 139 233 459 438
320-329 073 171 603 747 29 042 015 000 003 008 100 062 1.74
330-339 008 022 107 152 08 006 006 000 000 000 007 004 033
340-349 001 o001 010 019 022 000 000 OO0 000 OO0 000 000 004
350-359 000 000 003 000 003 000 000 OO0 000 000 000 000 000
360-369 000 000 000 000 000 000 000 OO0 000 000 000 000 000
370-379 000 000 000 000 000 000 000 000 000 000 000 000 000
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

*
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Percentage frequency of resident time of temperature for Thiruvananthapuram
during 1979-88

1979-1988 Jan  Feb  Mar  Apr May Jun  Jul  Aug  Sep  Oct Nov Dec Annual

190-199 000 000 000 000 000 000 000 OO0 OO0 000 000 000 000
200-209 028 003 000 000 000 000 OO0 OO0 OO0 OO0 000 020 004
210219 151 043 004 000 000 000 010 O0O8 000 o011 018 078 027
220-229 483 216 007 001 008 106 171 166 048 075 142 240 1.39

23.0-239 168 867

240-249 487

25.0-259 1.52

26.0-26.9

27.0-279

280-289 8.98

29.0-29.9 820 747 907 884 930 900 9.22
30.0-30.9 534 407 359 651 830 763 8.16
310319 778 187 119 037 225 242 204 584 547
320-329 183 282 820 028 008 004 019 037 027 113 301

330339 044 043 265 370 177 003 000 000 003 o001 003 023 078
340-349 006 004 032 034 014 000 000 000 000 000 000 005 008
350-359 001 001 007 004 000 000 000 OO0 OO0 000 000 000 001
360-369 000 000 006 000 000 000 OO0 OO0 000 000 000 000 000
370-379 000 000 000 000 000 000 000 000 000 000 000 000 0.00
Total 100.00 100.00 100.00 100.00 10000 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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Percentage frequency of resident time of temperature for Thiruvananthapuram
during 1989-98

1989-1998 Jan  Feb Mar Apr May Jm  Ju  Aug  Sep  Oct Nov  Dec Annual

190-199 000 000 000 000 000 000 000 OO0 000 ©000 000 0.00 0.00

200209 007 013 000 000 OO0 000 000 000 000 000 000 0.11 0.03

21.0-21.9 100 050 015 000 000 000 000 003 000 000 000 041 0.17

220-229 460 187 046 000 000 022 164 037 029 025 0353 2.27 1.04

230-239 830 518 194 060 088 525 570 332 736 666 648 521
240-249 5.50

25.0-25.9

26.0-26.9

27.0-27.9

28.0-28.9 9.17 9.25
29.0-29.9 681 812 917 929 8.69
30.0-30.9 405 176 248 784 587 729 976 7.65
310-319 636 831 919 15 018 014 191 103 158 654 489

320-329 218 480 838 702 063 000 002 015 003 025 181 306
330-339 037 113 323 451 218 009 000 000 000 000 005 033 099
340-349 007 030 060 043 009 002 000 000 000 000 000 008 013
350359 000 000 012 011 000 000 000 000 000 000 000 000 002
360-369 000 000 000 000 000 000 000 000 000 000 000 000 000
370-379 000 000 000 000 000 000 000 000 000 000 000 000 0.0
Total 100.00 100.00 100.00 100.00 10000 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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Percentage frequency of resident time of temperature for Thiruvananthapuram
during 1999-2008
19992008 Jan  Feb  Mar  Apr May Jmn  Ju Aug  Sep  Oct Nov  Dec Annual
190-199 000 000 000 000 000 000 000 000 000 000 000 000 000
200209 024 000 001 000 000 000 000 000 000 000 000 019 004
210219 116 007 001 000 000 007 001 0.03 013 000 0.18 147 0.27
2029 357 114 003 000 013 064 096 106 064 047 107 397 115
230239 738 4385 1.26 1.35 1.90 b8 I8 302 43 6.25 6.58 1.62 3.13
240-249 560 5.69
25.0-25.9
26.0-26.9
27.0-27.9

280-289 828 926 882 900

290-299  7.76 909 874 812 781 8.87
30.0-309 980 941 7126 703 78 747 863 8.27
310319 880 968 894 29 227 482 324 528 797 624

32.0-329 435 687 848 681 091 008 045 194 074 078 312 380
330-339 066 171 396 341 172 056 000 001 042 011 000 059 1.10
340-349 016 037 064 051 007 008 000 001 000 003 000 004 016
350-359 000 007 007 O0O8 000 000 00O OO0 OO0 00O 000 000 002
360-369 000 000 001 003 000 000 000 000 000 000 000 000 000
370-379 000 001 000 OO0 OO0 000 O0O0O OO0 001 OO0 000 000 000
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

allis.
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Percentage frequency of resident time of temperature for Thiruvananthapuram

during 2009-2012

J009-2012  Jan  Feb  Mar  Apr  May Jmm Jul  Aug  Sep  Uct  Nov  Dec Anmual
190-199 014 000 000 000 000 000 ©0O0 OO0 000 000 000 O0.10 0.02
200-209 08 011 000 003 000 000 000 000 000 000 007 0.00 0.09
210-219 248 068 000 000 000 000 000 OO0 000 000 035 034 032
220-229 482 263 037 003 000 024 067 034 021 0.54 132 141 1.04
230-239 840 6.05 158 010 030 268 6.05 2.59 261 239 649 554 L g
240-249 : : 1.88

25.0-259 7.39

26.0-26.9
27.0-279
28.0-289
29.0-29.9
30.0-30.9
310-319
320-329
33.0-339
340-349
35.0-35.9
36.0-36.9
37.0-379
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Percentage frequency of resident time of temperature
of the head and tail regime

Mumbai Thiruvananthapuram Mincoy

Decade

<23°C 31 °C <24°C 31 °C <25°C 31°C
1969-78 10.77 8.88 11.78 6.49 8.62 409
1979-88 9.05 10.57 7.92 9.35 4.06 6.65
1989-98 8.04 12.30 6.46 9.09 4.72 9.08
1999-08 1.76 12.08 6.58 11.32 3.78 10.65
2009-12 496 17.79 5.18 1144 541 11.55

HIea +FHiEaa Qs Qs
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Percentage frequency of resident time of temperature of head and tail regime
during monsoon period

Mumbai Thiruvananthapuram Mincoy

Decade

<26 °C =30°C =24°C 30°C =26 °C 30°C
1969-78 13.75 10.93 12.96 5.70 12.39 798
1979-88 12.40 16.04 9.63 6.41 9.56 11.60
1989-98 10.61 18.97 6.94 5.17 11.49 15.86
1999-08 11.62 14.63 7.00 10.63 9.78 18.73
2009-12 9.38 2424 3.86 10.73 9.94 14.89

HIRA HiEsa A== s s S
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Decadal linear trend (%) in percentage resident time
of the temperature < 24 °C and 2 31 °C for Thiruvananthapuram

% Resident time
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Linear (< 24)
y=-1454x+ 11.94

= Linear (» 31)

y=1.18/x+ 597/
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SPIY AP Ugr (%) ufa=ra Farht Iwg # aruwE &1 <24 f&3lt Af/ay ik 2 31
f&it 9w ﬁRWFngTF[ & f%f({ Decadal linear trend (%) in percentage resident

time of the temperature < 24 °C and 2 31 °C for Thiruvananthapuram

« S aruaE &1 R 5y Ul <2 & 1.454% &1 2R I UC 8T © 3R SR JHH
IRIF TaRT 3FT IR SR@] b ORI |, O 24 3 IfEw ¥ - & e &

JIceigH1g g g9y |8l él‘ll The resident time of lower temperatures are decreasing

at the rate of 1.454% per decade and if the same linear trend continues up to the next four

decades, then there will not be significant resident time of temperatures below 24 °C.

« BTt HH ATOHM TRH JHISH B Al Tbdl § a1 ARt & $& UdRId oI dadH
24 TSI VIREY T i & IIHH TR R, 3R Ied Iuged Uiyl Ual gt Sy
gl 3R gH El?ﬁf T TRRIFHAT R fGaR H1 However lower temperature can

break the extremes or some percentage of resident time would still be there for

temperatures below 24 °C, if suitable synoptic situations arise or if we consider

i Ke HIRA HiEsa A== s s S
e X &

NI SRl r e T A anaAarAnacAamn ~F A vatasa AF 1 10770/

non-linearity in the trend.




Linear trend (°C per decade) of decadal
mean temperature for Thiruvananthapuram

29
—- Mumbai
185
— —
—#— Tharuvananthapuram
28
L ']
5
: == Min oy
§ 275
-
E = Lnear (Mumbai)
s
y= 0.25%6x + 2680
= Lne¢x
65 (Ther uvananthaguram)
y=0L159x + J681
= Linear (Minicoy)
26
196978 197988 198998 1999.08 200912 y=0.146x+ 27.74
Hrea FreHa Asr=r s .

INDIA METEOROLOGICAL DEPARTMENT



Characteristic equation for Thiruvananthapuram

v The equation for Linear trend (°C per decade) of decadal
mean  temperature  (characteristic = equation)  for
Thiruvananthapuram is

y =0.159x + 26.81
v Projecting the next decadal mean temperature as 27.76°C

HIea +FHiEaa Qs Qs
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Decadal linear trends (°C per decade) in seasonal (monsoon)
mean temperature for Thiruvananthapuram

29,00 & BOM
28.50 -

e —&— TRV
28.00 T

i ]

E 27.50 A— MNC

@ 27.00

= —— Linear (BOM)

£ 2650 0143y s 97 7-

o y=0.143x + 27.72
26.00 — Linear (TRV)
25.50 y=0.172x+ 26.11

Linear (MNC)
25.00
y=0.081x+ 27.80
186078 1970-88 19809098 199908 200912

Trend in mean temperature during monsoon period are increasing at
0.172 °C per decade
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Decadal linear trends (°C per decade) in non-monsoon season

mean temperature for Thiruvananthapuram

Temperature

29.00

28.00

2750

27.00

- BOM

—4— TRV

MINC

= Linear (BOM)
y=0315x+ 26.33

= Linecar (TRV)
v=0.155x+ 27.15

1969-78 1979-.88 1989.98 1999-08 2009-12 — Linear (MNC)
y=0.181x+2/./1§

Trend in mean temperature during non-monsoon period is
Increasing at 0.155 °C per decade
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Decadal rate of trend in temperature (°C) for Thiruvananthapuram
for annual. non-monsoon and monsoon period

0.3

0.25

0.2 B Annual

0.15 B Non-Monsoon

Monsoon
01

Rate of Trend in °C

0.05

Mumbai TVPM Minicoy

» The rate of increase of mean temperature for Thiruvananthapuram during monsoon
seasonal for the study period is 0.172 °C per decade, is slightly higher than the
decadal trend in annual mean 0.159 °C per decade.

» This small trend may be due to decreasing trend in the rainy days over

Thiruvananthapuram. ‘

Q-
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Embedded system of climate

Climate change

T+yT

a - Trend in non-monsoon period

B - Trend in monsoon period

y = Influence of change in rainfall pattern due
to chimate change on temperature

y = Trend in annual mean temperature

The trend in rainfall pattern due to climate change is in itself work like a
feedback mechanism which controls the future trend in temperature and
in effect the climate system as a whole.

Any significant change in rainy days and its intensity due to climate

change will certainly influence the future temperature pattern ‘
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Isothermanalysis of a heat island intensity in Thiruvananthapuram
‘ 25t July 2015

N >

a5 26 27 M 9 a0 3

ARABIAM SFEA

FaUuRE 15, R

i el

The urban heat islands are also a contributing factor for temperature change. Local
governments can play crucial role in mitigating these effect by suitable urban planning

(Eg. Switching over to underground cables for electricity distribution to make way for
fblanting more trees in the foot path).
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Year-to-Date Global Temperatures

for 2016 and the other seven warmest years on record
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2015 is the warmest year on record

(1880-2015)
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Global Warming Projections
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fSh Y concLusions
> 27.76 ST fRTTY IUHM BT AT B & MG dIftics dTTHE &b G H U BT

Projecting the next decadal mean annual temperatures as 27.76 °C

> fovadaRy & e daee &1 Fardt 999 ufd a6 | 1.454% &1 &3 4 °¢ 38T 6
3R 3R FH IRAP Uil ST IR Gl dob ORI g, <t 24 feuht Aoy A i
ATYHTT Pl Wﬁaﬁ T 8! &N The resident time of lower temperatures in

Thiruvananthapuram are decreasing at the rate of 1.454% per decade and if the

same linear trend continues up to the next four decades, then there will not be

significant resident time of temperatures below 24 °C.
> 3 a9 &1 Fardt T9y ufd e¥e H 1.187% &t &2 ¥ ¢ 8T © 3R Ife JHM
URERT 37T 3R SRH] db SIRT g, df dgHH 31 fS3f AfTaT T FW R The

resident time of higher temperatures are increasing at the rate of 1.187% per

decade and if the same scenario continues up to the next eighty decades, then

the temperatures will be above 31 °C only.

HIRA HiEsa A== s s
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> AR &1 3fafe # auf fafafia o $fid arae= # gfa & Ugiy & forg

JUR PRD HEH %The rainfall activity in monsoon period seems to be

the correction factor for the increasing trend in the annual mean

temperature.

T 3afd & T Hi-gT A 9T & GRM Nd a9 § dia ax
0.172 &3t ufcr f&3h B, S Gx1! & 3T 0.159 TSI T Ul a=1e &t
NNEL | Qﬁ?ﬂ NIIRED %’ The rate of increase of mean temperature for
Thiruvananthapuram during monsoon seasonal for the study period is
0.172 °C per decade, is slightly higher than the decadal trend in annual
mean 0.159 °C per decade.

ag BIC-T ¥ fdPadRy ¥ §k41d & el § fRMaC & HRUT g1 bl

%I This small trend may be due to decreasing trend in the rainy days over

Thiruvananthapuram.

HIea +FHiEaa Qs Qs *
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> gIditdy, Fad dIaM 3% TR HIH1ST & dis Adbd & a1 Har & $8 Uid=id
3nft ff H1 qUHE & e a8t 811, eR Ifud Iugad uRiRufaal S gidt § a1
?T% BH Wﬁ'l o '?R-m R faaR & %However, lower temperatures can break

their extremes or some percentage of resident time would still be there for lower

temperatures, if suitable synoptic situations arise or if we consider non-linearity in the

trend.

> SAarg IRadd & HRUT a8 e H Ughl af HiasT &1 Siaarg guet & o b

ufafeear d= % The trend in rainfall pattern due to climate change itself is a feedback

mechanism for the future climate system.
> Tes) T of o uRada & il T Ae@yul HR &, Sh UHTE H oy STaar] gomet o
TG Hd %IThe urban heat islands are also a contributing factor for temperature

change, which in effect contribute to the global climate system.

HIRA HiEsa A== s s S
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> SUGEd X3! IS | 37 UUTEl & $H $A § RIMH IXHR Hgdyul YHeT FUT Iod
2 (3TeXl & fore, Be & I A 31 g&f Te o & fore faeredt faawor & forw yftrma
aﬁ?ﬁw%ﬂWT)ILocal governments can play crucial role in mitigating these effect

by suitable urban planning (Eg. Switching over to underground cables for electricity

distribution to make way for planting more trees in the foot path).

> YRd W99 fagE AUrT, YR e R 980 R WR TS IRl o &l § 8
WWWWHWWW%HMD can take a project on micro

level and detailed study on climate variability over the Indian cities.

HIRA HiEsa A== s s S
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Website of Meteorological Centre,
Thiruvananthapuram

. Government of Indi

India Heiaorologlml Depumg_g

A FOR WEATHER INFORMATION OVER PHONE
IMD Trivandrum TOLL FREE NUMBER 1800 180 1717
Phone : 0471 2322894

EPABX : 0471 2330025 / 0471 2322330
TeleFax: 0471 2322894

Email : mc.trv@imd.gov.in

Forecast of the Onset Date of Southwest Monsoon - 2016 over Kerala MNeWt

Today's Weather NEW
Reqister for SMS based Cyclone Alert MNewt

e
Weather Services

Weather Warning

KERALA HEAVY RAINFALL{EXCEEDING 7 CM) 1S MOST LIKELY TO OCCUR AT ONE OR TWO

THAI

PLACES IN KERALA TILL THE MORNING OF 21ST MAY 2016
LAKSHADWEEP | L

FISHERMEN WARNING : STRONG WINDS FROM NORTHWESTERLY DIRECTION SPEED OCCASIONALLY REACHING
45TO55 KMPH LIKELY ALONGAND OFF KERALA COAST AND OVER LAKSHADWEEP AREA DURING NEXT 24 HRS
COMMEMNCING FROM 1400 HR S IST OF 20.05.2016. ‘

Meteorological Centre, Thiruvananthapuram

METECROLOGICAL CENTRE,
Thiruvananthapuram caters to the
l 5 " B meteorological requirements of Kerala state and
| akehadween Telands hy sunervisinn__and

mc. trv@imd.qov.in 0471-2322894
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