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CLIMATE CHANGE | Extreme Weather Events
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INDIA METEOROLOGICAL DEPARTMENT
Climate Research and Services (CRS)

Statement on Climate of India during 2022

High Impact Weather Events occurred during
2022 along with loss of life reported by media
and other state government agencies



CLIMATE CHANGE | Extreme Weather Events

T
DIA

CLIMATE DATA

ST AT
Observed temperature Projected rise Observed precipitation Projected change
rise change
+2.2°C
’__'_ 1.9°C +11%
+1.6°C
+1°C + 6%
+0.7°C
' . : 1%
R.Krishnan - J. Sanjay - -6%
Chellappan Gnanaseelan - Milind Mujumdar - Global' India? India®
India’ India?

Ashwini Kulkarni - Supriyo Chakraborty Editors

Assessment

of Climate Change
over the Indian
Region

A Report of the
Ministry of Earth Sciences (MoES),
Government of India

@ Springer Open

1IPCC SR1.5 (2018). Period: Since pre-industrial times.
2Assessment of Climate Change over the Indian Region, Springer (2020). Period: 1901 — 2018
SRise by mid-century under RCP4.5 relative to the average over 1976-2005

Projections of summer heatwaves over

India
2.5x
1.2x
Frequency Average duration
of heatwaves of heatwave events

Mid-century projections under RCP4.5 relative to 1976 — 2005 (all India
average).

1 Assessment of Climate Change over the Indian Region, Springer (2020). Period: 1950 —
2015
2 Rise by mid-century under RCP4.5 relative to the average over 1976-2005.
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CLIMATE CHANGE | Extreme Weather Events

Top 10 hottest years are all after 2010 Maximum Temperature in Feb 2023 in India
was 1.7 degC greater than normal

HOTTEST GLOBAL YEARS " India records hottest Feb
10 SR kecorD .

Maximum temperature outiook for March
temperature was highest shce‘d;”zl to May 2023

All India Temp. (Maximum)
in February (°C) T
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Monthly averaged minimum (night)

temperature was fifth highest since 1901
All India

in February (°C) i
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WHAT Average max. temp. in February for
UT Delhi Safdarjung (since 1951 to 2023)

A\ 7 pe L 297¢ 219 @

Vishwa.Mohan Asfaras thesummerseason  link to climate change) is nor-
@timesgroup.com is concerned, most parts of mally a matter of diagnosis. "It
northeast, east, central and cer- could be part of the climate

of New Delhi:Indiareportedits tain areas of northwest India, change due to global warming
2010 2014 2018 2021 2022 2015 2017 2019 2020 2016 hotteot Febyuary, siace 0L | Eitiie DIRINGR bt i
recording the highest month- pected to face "abovenormal” said.
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2.5x India Meteorological Depart- - bemore thanlast year: Southern hydrometand agrometadvisory
+1.9°C ment on Tuesday signalled peninsula and most of Maha- services of IMD, said though the

+1°C 1.2x
' +0.7°C .
Frequency Average duration
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Mid-century projections under R
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RAINFALL DATA | Rain in Numbers

1 mm rain means - [
~ 1 liter of rain water in 1 square meter m m
;%rl’nrhrﬁl_}] ’{_‘rhrh
Summer Monsoon Rainfall
rain water received = 850 mm
=—=—==— 2 That's about 2 million
/,IE_”}! v =1 7 7 (20 lakh) liters of
s / water per person

. 4
S s ey — g syt The math:
d=1 mm ‘ P Area = 3 trillion m?

Rain = 850 mm

/ 7/ Volume= 2700 trillion liters
[=1m

Population = 1.3 billion

Volume = Im x Im x 0.001m = 0.001 m? or 1 liter el selar= - 2000000
= 2 million liters of water per
person




RAINFALL | Classifications
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Description term used

Rainfall amount (mm/day)

Very light rain (VLR) 0.1-2.4
Light rain (LR) 2.5—7.5
Moderate rain (MR) 7.6—35.5
Rather heavy rain (RHR) 35.6—64.4
Heavy rain (HR) 64.5-124.4
Very heavy rain (VHR) 124.5—244.4
Extremely heavy rain (EHR) > 244.5

Mahabaleshwar Rains

19/07/2021
20/07/2021
21/07/2021
22/07/2021
23/07/2021

098 mm
110 mm
164 mm
480 mm
600 mm

1080 mm in two days
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RAINFALL DATA | Rain Gauge Stations

NUMBER OF STATIONS PER DAY (0.25 DEGREE DATA)
1901-2010
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2600 rain gauge stations on an

average
6955 varying stations over the period

547 are IMD observatory stations
494 are Hydro-Meteorology
observatories

74 are Agromet observatories

Remainina are rainfall renortina



RAINFALL DATA | Rain Gauge Stations

30 cm

Receiver

Funnel

— Tipping bucket
i~~~ To recording
™M~ device

Measuring tube

AWS sensor details and characteristics

Parameter Type and Make Height Accuracy Range & Resolution
Air temperature Thermistor 2m +02°C -40 °Cto+60 °C,
(Sutron make) Resolution: 0.1 °C
Relative Capacitive type 2m +3% 0% to 100%, Resolution: 1%
humidity (Sutron make)
Atmospheric Accubar solid state 1.5m 0.2 hPa 600-1100 hPa (100 hPa above
pressure (Sutron make) datum value), Resolution: 0.1 hPa
Rainfall Tipping Bucket 0.6to 1 m 2% at Resolution: 0.5 mm
(Sutron make) 240 mm/hr
Wind speed Ultrasonic 10 m 1.2 m/s 0-60 m/s
(Gill Instruments) Resolution: 0.1 m/s
Wind direction Ulttasonic 10 m 1° 0° - 36Q°
(Gill Instruments) Resolution: 1°
Global solar Silicon photo-diode 2m 5% against 0.3-4pm
radiation Licor-200SZ Eppley lab
Soil temperature Campbell Scientific -20 cm +0.4 °C -40°Cto +50 °C
Resolution: 0.1 °C
Soil moisture Stevens Hydra Probe -20 cm +0.03 wiv 0to 0.45 wtv

Resolution: 0.01 wifv




RAINFALL DATA | IMD Automatic Weather Stations
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AWS ARG NETWORKS

L / fafa an A
HOME ILAR DATA / GRAPH DAILY RAINFALL DAY WEATHER SUMMARY NETWORK STATUS ABOUT
CURRENT GRAPHICAL DATA RAIN 03 UTC CUM. RAIN AFTER 03 UTC RAIN LAST 15m RAIN LAST 30m RAIN LAST 1h RAIN LAST 3h RAIN LAST 6h
RAIN LAST 12h RAIN LAST 24h m TEMP. 24h DEP TEMP. MAX: TEMP. MIN TEMP. MAX 24h DEP.
; TEMP. MIN 24h DEP. HUMIDITY RH MAX AFTER O3UTC RH MIN AFTER 03UTC SLP SLP 24h DEP. MSLP MSLP 24h DEP.
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o TEMPERATURE
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Link: http://aws.imd.gov.in:8091

AWS: Automatic Weather
Station
ARG: Automatic Rain Gauge

STATE:ANDHRA_PRADESH ... DISTRICT:VISAKHAPATNAM ... STATION:GANGAVARAM_PORT
DATE:2023-03-22 TIME:10:15:00 (IST) ....... DATE:2023-03-22 TIME:04:45:00 (UTC)
TEMPERATURE ('C) [RELATIVE HUMIDITY [RAINFALL(SINCE
(%) 08:30 IST)

WIND SPEED WIND DIRECTION

(DEGREE)

MEAN SEA PRESSURE

STATION PRESSURE
(hPa) (hPa / gpm)

92%

— 100 %
|— 90 %
— 80 %

DAY MAXIMA:
DAY MINIMA:
PRE. DAY MAXIMA:
PRE. DAY MINIMA:

DAY MAXIMA:
DAY MINIMA:
PRE. DAY MAXIMA:
PRE. DAY MINIMA:

DAY AVERAGE:
PRE. DAY AVERAGE:

DAY MINIMA:
PRE. DAY MAXIMA:
PRE. DAY MINIMA:

DAY MAXIMA: 31.7 'CJDAY MAXIMA: 95 %
DAY MINIMA: 22.7 'CDAY MINIMA: 81 % [PREVIOUS DAY
PRE.DAY MAX: 30.8 'CJPRE.DAY M, % [RAINFALL : 3 mm
PRE.DAY MIN: 19.4 'CJPRE.DAY MIN:

STATE:KERALA ... DISTRICT:THIRUVANANTHAPURAM ... STATION:NEYYATTINKARA

NEYYATTINKARA : AIR TEMPERATURE

e

T 20220322 [ 205032 [ 20230320

Degree Centigrade (O
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HRA SIDR
TSTYUH YRS ATad AWS ARG NETWORKS

i WA
STATUS  ABOUT

L w3 / ¥R & auf e WRE
HOME TABULAR DATA / GRAPH DAILY RAINFALL DAY WEATHER SUMM,

ALL_STATE v 2023-0322 v “ AWSAGRO AWS AGRO ARG I / VIEW

RAINFALL DATA

DISTRICT
1 | ANDHRA_PRADESH EAST_GODAVARI KALAVACHARLA_KVK AGRO 2023-03-22 :00: 0.5
2 | ANDHRA_PRADESH ELURU NUZVID ARG 2023-03-22 03:00:00 0.5
3 | ANDHRA_PRADESH KAKINADA KAKINADA ARG 2023-03-22 03:00:00 0.5
4 | ANDHRA_PRADESH PARVATHIPURAM_MANYAM KOMARADA ARG 2023-03-22 03:00:00 0.5
5 | ANDHRA_PRADESH PARVATHIPURAM_MANYAM KVK_VIZIANAGARAM AGRO 2023-03-22 03:00:00 3.5
6 | ANDHRA_PRADESH VISAKHAPATNAM GANGAVARAM_PORT AWS 2023-03-22 03:00:00 2.5 T Chart Tools Book
7 ANDHRA_PRADESH VISAKHAPATNAM KAILASHGIRI ARG 2023-03-22 03:00:00 2.0 Insert  Pagelayout  Formulas  Data  Review View Help  ChartDesign  Format ) Tell me what you want to do
8 | ANDHRA_PRADESH VISAKHAPATNAM MEHADRIGADDA_DAM ARG 2023-03-22 03:00:00 24.0 “'3 3% Cut A A Normal "
B3 Copy
9 | ANDHRA_PRADESH VIZIANAGARAM VIZIANAGARAM AWS 2023-03-22 03:00:00 0.5 pate B I U -
10 | ANDHRA_PRADESH WEST_GODAVARI BHIMAVARAM AWS 2023-03-22 03:00:00 1.5 Clipboard 5 Font Algnment Number
11 |ARUNACHAL_PRADESH CHANGLANG BORDUMSA ARG 2023-03-22 03:00:00 13.0 Chat1  ~ e | =SERIES(SheetlI$HS1,Sheet1!$A$2:3A$478, Sheet1ISHS2:$HS478,1)
12 |ARUNACHAL_PRADESH CHANGLANG NAMPONGCIRCLE ARG 2023-03-22 02:45:00 6.0 A 8 c o 3 F G H i ) K L M N o 3 Q R
13 ARUNACHAL_PRADESH EAST _KAMENG BAMENG._CIRCLE AWS 2023-03-22 03:00:00 5.0 1 SNO. STATE DISTRICT STATION TYPE DATE(YYYY- TIME(UTCLRAINFALL DAILY CUMULATIVE (0.5 mm or more)
— — — 5 = - 2 1|ANDHRA_EAST_GOLKALAVACIAGRO 22-03-2023, 03:00:00) 0.5
14 |ARUNACHAL_PRADESH EAST_SIANG MEBO AWS 2023-03-22 03:00:00 19.0 3 2|ANDHRA_ELURU  NUZVID ARG 22-03-2023 0.5
B = 4 3|ANDHRA_ KAKINAD/ KAKINAD/ARG 22-03-2023 0.5
15 |ARUNACHAL_PRADESH KAMLE DOLLONGMUKH AWS 2023-03-22 03:00:00 11.0 = e R T e =
16 |ARUNACHAL_PRADESH KRA_DAADI YANGTECIRCLE AWS 2023-03-22 02:45:00 2.0 6 5|ANDHRA_PARVATHIKVK VIZILAGRO  22-03-2023 35
74 6|ANDHRA_ VISAKHAF GANGAVAAWS 22-03-2023 25
17 |ARUNACHAL_PRADESH KURUNG_KUMEY KOLORAING AWS 2023-03-22 02:30:00 25.0 5 7|ANDHRA_ VISAKHAEKAILASHG ARG 22-03-2023 4
18 |ARUNACHAL_PRADESH KURUNG_KUMEY PALIN ARG 2023-03-22 03:00:00 11.5 - QRANDHEA VEARUAPMEIGORIARG |22 05 X0 2
10 9|ANDHRA_ VIZIANAG VIZIANAG AWS 22-03-2023 0.5 o o
19 |ARUNACHAL_PRADESH LOHIT SUNPURA AWS 2023-03-22 02:00:00 14.0 n 10[ANDHRA_ WEST_GO BHIMAVA AWS  22.03-2023 15 RANEALT BRIV CUROLATVETOE )
.> mm or more,
20 |ARUNACHAL_PRADESH LONGDING LONGDING AWS 2023-03-22 03:00:00 72.5 12 11 ARUNACHCHANGLA BORDUMEARG | 22032023 B
13 12|ARUNACH CHANGLA NAMPONIARG 22-03-2023 6| 120
21 |ARUNACHAL_PRADESH LOWER_SUBANSIRI ZIRO_ARG ARG 2023-03-22 03:00:00 5.0 i 13|ARUNACHEAST_KANBAMENG_AWS  22.03-2023 s .
5 5 15 14|ARUNACHEAST_SIATMEBO AWS 22-03-2023 19 100
22 |ARUNACHAL_PRADESH NAMSAT NAMSAI_KVK AGRO 2023-03-22 03:00:00 11.5 6] T PR T T =
23 |ARUNACHAL_PRADESH PAPUMPARE KARSINGSA_KVK AGRO 2023-03-22 03:00:00 16.0 7 16/ARUNACHKRA_DAAIYANGTECI AWS  22-03-2023 2 ©
18| 17|ARUNACH KURUNG_ KOLORAINAWS 22-03-2023 25 5
24 |ARUNACHAL_PRADESH TAWANG JUNG ARG 2023-03-22 03:00:00 17.5 ) 18|ARUNACHKURUNG JPALIN _ |ARG | 22-03.2023 s
= 60
25 |ARUNACHAL_PRADESH TAWANG MUKTO ARG 2023-03-22 03:00:00 14.0 20 Pal DUNACHIOHIT _ISUNPURAAWS. 122108 2023 < 5 * S
21 20|ARUNACH LONGDIN(LONGDIN(AWS 22-03-2023 72.5 Y ® .
26 |[ARUNACHAL_PRADESH TAWANG TAWANG AWS 2023-03-22 03:00:00 17.5 22| 21|ARUNACHLOWER_SIZIRO_ARG ARG 22-03-2023 5 40, . 2 P~
23 22|ARUNACH NAMSAI NAMSAI_fAGRO 22-03-2023 11.5 -
27 |ARUNACHAL_PRADESH TAWANG TAWANG-CHAMGBU_KVK  [AGRO 2023-03-22 03:00:00 14.5 = T T T T e = " L s loo @ | el s
28 |ARUNACHAL_PRADESH TIRAP DEOMALI AWS 2023-03-22 03:00:00 23.5 2 24[ARUNACHTAWANG JUNG ARG 22-03-2023 175 atle 1N T 0 00 oo
26 25|ARUNACHTAWANG MUKTO ARG 22-03-2023 14| K .'Mh e 3
29 |ARUNACHAL_PRADESH TIRAP LONGDING ARG 2023-03-22 03:00:00 10.5 = T Y N e T e R T R e
30 |ARUNACHAL_PRADESH WEST_KAMENG BOMDILA AWS 2023-03-22 03:00:00 2.0 2 27|ARUNACHTAWANG TAWANG-AGRO  22:03-2023 sl O o
29 28|ARUNACHTIRAP DEOMALI AWS 22-03-2023 23.5
31 |ARUNACHAL_PRADESH WEST_KAMENG DIRANG ARG 2023-03-22 03:00:00 0.5 30 29|ARUNACHTIRAP  LONGDINCARG  22-03-2023 105
31 30|ARUNACH WEST_KAIBOMDILA AWS 22-03-2023 2|
32 31|ARUNACH WEST_KAIDIRANG ARG 22-03-2023 0.5
33 32|ARUNACH WEST_KAI KALAKTAF AWS 22-03-2023 15
34 33|ARUNACHWEST_SIAKAMBA  AWS 22-03-2023 29
35 34|ASSAM  BAKSA BAKSA_K\AGRO 22-03-2023 14
36 35|ASSAM  BAKSA  MUSHALP AWS 22-03-2023 16.5
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IITM | Indian Institute of Tropical Meteorology

About IITM + Projects + Products + Publications + People +

Data Archival

Meteorological Data Sets for downloading

« Monsoon Intraseasonal Oscillation Index Data (1998-2019) using Extended EOF Analysis

* Longest Instrumental Rainfall Series of the Indian Regions (1813-2006)

* Homogeneous Indian Monthly Rainfall Data Sets (1871-2016) (updated on 29 August 2017)

¢ Homogeneous Indian Monthly Surface Temperature Data Sets (1901-2007)

e Three hourly OLR Data from Kalpana-1 VHRR (May 2004 onwards)(updated on 11 March 2015)

¢ Atlas of Spatial variations of moisture regions and rainfall of India during 19th and 20th Century

Link:
https://www.tropmet.res.in
Public Info > Data Archival

Moty Seasonal and Annual Ranfall Time Seres for Allindi,
Hom: Rogions and Metsorlogica ubdiviions: 18712016

Table 1: ALL-INDIA RAINFALL (1871-2016) 30 SUBDIVISIONS, AREA 2880324 SQ.KM.
Monthly, Seasonal and Annual rainfall (in 10th of mm) 1871-2016 (1871-2013 based on 306
stations and 2014-2016 based on IMD Subdivisional rainfall)

1881 13 32 331 237 531 1607 2927 2646 1433 493 347 62 45 1099 8613 902 10658
1882 100 94 90 188 596 2130 3311 1903 11685 739 HY%6 ©2 194 873 '9029 1397 11493
1883 178 .36 189 165 621 2043 2690 1879 1881 830 282 155 215 975 8492 1267 10949
1884 71 74 82 203 383 1593 2924 2426 2385 866 270 305 145 668 9328 1441 11582
1885 96 99 136 199 528 1940 2728 2479 1327 737 321 502 195 863 8474 1560 11092
1886 49 12 222 124 711 997% 3199 2218 1390 320 214 171 61 1057 844 1705 41567
1887 176 6 148 209 552 1898 3013 2574 1508 879 411 130 182 909 8993 1420 11503
1888 197 136 119 259 531 1323 2743 2800 1250 382 531 72 333 908 8116 985 10342
1889 106 134 66 243 448 2035 2797 2781 1693 940 254 68 240 757 9306 1262 11565
1890 26 11 173 261 358 2279 3009 2141 1626 647 351 136 37 792 9055 1134 11017
1891 115 134 348 207 995 834 2571 2291 2222 602 173 71 249 1150 7924 846 10169
1892 53 106 56 329 541 1579 3138 3063 2135 983 128 701592 926 9916 1189 12190
1893 224 283 467 252 946 2416 2568 2309 2256 970 642 22 506 1665 9549 1634 13354
1894 115 144 181 248 360 2168 3114 2415 2017 1388 385 137 259 789 9714 1910 12672
1895 108 Wi 7118 376 415 1982 2567 2299 1388 793 134 119 185 908 8236 1046 10377
1896 31 61 68 170 412 2034 2845 2633 773 149 435 175 92 650 8284 759 9786
1897 92 124 208 216 435 1426 2599 2905 1981 856 130 18 215 859 8911 1004 10990
1898 21 307 28 211 378 TT17F 2929 2208 1992 655 393 125 328 614 8846 1173 10961
1899 58 66 74 522 526 1951 1878 1441 1020 507 41 26 124 1122 6290 574 8109
1900 153 &7 103 385 406 1287 2521 2713 2372 490 104 141 220 893 8893 735 10742
1901 274 337 113 316 391 1149 2225 2590 1256 540 431 95 611 820 7220 1066 9717
1902 67 25 102 354 418 1038 2796 1972 2112 697 278 269 92 874 7918 1244 10128
1903 85 S5H5 102 9221 562 1269 2789 2593 1957 1288 434 152 140 785 8608 1874 11407
1904 59 86 203 311 686 1795 2476 1970 1262 707 90 99 145 1200 7503 896 9744
1905 128 144 286 271 476 908 2456 2052 1748 610 98 25 272 1033 7164 733 9202
1906 151 385 220 135 328 1818 2875 2418 1738 544 199 264 536 683 8849 1007 11075
1907 63 324 256 523 264 1541 2217 3014 1003 205 238 128 387 1043 7774 571 9775
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All India Summer Monsoon Rainfall, 1871-2021 | Based on IITM/IMD Homogenous Indian Monthly Rainfall

30
§ Drought | Wet ! Normal
@ El Nino @ La Nina ——Trend

20
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>
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-20
35 Rainfall / ENSO indices based on June-Sept anomalies Monsoon OnLine / Roxy Mathew Koll

1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
Link: https://mol.tropmet.res.in



CLIMATE DATA | Climatology / Normal / Average
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@ cdsp.imdpune.gov.in/fhome_riturang_sn.php#snormals
Surface All Seasonal Freq «
4 . . .
& Climate Data Service Portal Normals India Temp Cyclo
Rainfall
A2
4( :_/ V
,/> )
36 @& cdsp.imdpune.gov.in/home_lab_1.php#allindiaRF
B o 2 Surface All Seasonal Freq of
\ é Climate Data Service Portal Normals India Temp Cyclones
32 - Rainfall
All India Rainfall (mm)
28 &
JAN EB MAR APR MAY JUL AUC SEP OCT NOV DEC
Show Search:
Date 100 4
entries
Month Average Standard Deviation Highest Lowest
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct
January 28.02C 9.8 °C 30.9°Cin 1990 26.2 °C in 2005
February 30.9°C 22.9 °C 34.2 °C in 2006 28.3 °C in 2008 1901 352 385 17.9 39.2 50.5 111.0 243.2 273.6 124.6 516
o o ] M o T
March 35.8°C 27.9°C 38.4 °C in 2004 33.5°Cin 1995 1902 7.4 41 189 444 478 109.0 282.8 201.8 201.0 62.9
1903 17.1 8.3 31.1 17.2 59.2 117.0 | 292.0 | 271.7 | 200.9 119.3
o 1904 152 9.8 322 329 732 1652 263.1 2052 131.7 68.9
[ )
Link:
1905 | 249 | 20.9 | 42.3 | 33.7 54.5 92.3 2549 201.4 180.0 53.6

https://cdsp.imdpune.gov.in
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RAINFALL DATA | Gridded Rainfall Data

MAUSAM., 65, 1 (January 2014), 1-18
551.501.777

Development of a new high spatial resolution (0.25° x 0.25°) long period
(1901-2010) daily gridded rainfall data set over India and its
comparison with existing data sets over the region

D. S. PAI, LATHA SRIDHAR, M. RAJEEVAN*, O. P. SREEJITH, N. S. SATBHAI and B. MUKHOPADHYAY
India Meteorological Department, Pune, India
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Short name used in ~ Spatial resolution Rain gauge network

Data set this study latitude x longitude Data period used for preparing the gridded data Interpolation method
IMD G i A6 3 fixed network of 2140 . i
(Rajeevan ef al., 2006 & 2010) IMD1 17l 1951-2007 rain gauge stations Shepard (1968)
IMD - . fixed network of 1380 —
(Rajeevan ef al., 2008) IMD2 17l 1901-2004 rain gauge stations Shepard (1968)
IMD (Rajcevan ef al., 2009) IMD3 0.5° % 0.5° 1971-2005 varying network of 6076 Shepard (1968)
rain gauge stations
APHRODITE . . varying network of )
(Yatagai et al. 2012) APHRO 0.25% % 025 1951-2007 b s stafions Willmolt er al. (1985)
Present Study IMD4 0.25° % 0.25° 1901-2010 varying networkof 6955 Shepard (1968)
rain gauge stations

Annual Cycle of the All India Mean Daily Rainfall
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Yearly Gridded Rainfall (0.25 x 0.25) data NetCDF File

Rainfall:

Gridded Ralnfall (0.25 x 0.25) NetCDF Flle
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News

Journal of the Meteorological Society of Japan, Vol. 8TA, pp. 265-279, 2009 265

DOI:10.2151/jmsj.87A.265

Daily Indian Precipitation Analysis Formed from a Merge of Rain-Gauge Data with the
TRMM TMPA Satellite-Derived Rainfall Estimates

A. K. MITRA, A. K. BOHRA

Daily R p ps
. IMD New High Spatial Resolution (0.25X0.25 degree) Long
Period (1901-2022) Daily Gridded Rainfall Data Set Over il National Centre for Medium Range Weather Forecasting (NCMRWF ), Noida, India
D pete e ES India. This data product is a very high spatial resolution daily
gridded rainfall data (0.25 x 0.25 degree). The unit of rainfall N M. N. RAJEEVAN
is in millimeter (mm). Data available for 122 years, 1901 to
2022. Data is arranged in 135x129 grid points. The first data CITATION (for Rainfall 0.25 x 0.25): National Atmosphgric Research Labgratory, Tirupati, India
e in the record is at 6.5N & 66.5E, the second is at 6.5N & Should you refer to our product in your paper/presentation,
66.75E, and so on. The last data record corresponds 0 please cite Pai et al (2014). Pai D.S., Latha Sridhar, and
38.5N & 100.0E. The yearly data file consists of 365/366 Rajeevan M., Sreejith O.P, Satbhai N.S. and
RO L records corresponding to non leap/ leap years. Mukhopadhyay B., 2014: Development of a new high T. N. KRISHNAMURTI

Gridded Data Real Time

Climate Diagnostic Bulletins

Monthly Climate Summary

Annual Climate Summary

=
Link: https:

Click here for sample Fortran code To read the data.
Click here for sample C code to read the data.
Click here for sample grads control file for reading the data

spatial resolution (0.25° X 0.25°)Long period (1901-2010)
daily gridded rainfall data set over India and its comparison
with existing data sets over the region; MAUSAM, 65,
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Department of Meteorology, FSU, Tallahassee, Florida, USA

frw: 1(January 2014), pp1-18. ; < .
Crdod Data e v i 7 (Manuscript received 16 July 2008, in final form 16 December 2008)

For comments and questions on the data or for any DISCLAIMER:

Rainfall (0.25 x 0.25) Binary other clarificaltons regarding the data set, please Although every care has been taken in preparing and
contact: testing the data set, India Meteorological Department

Rainfall (0.25 x 0.25) NetCDF. Climate Prediction Group, cannot guarantee that the data are correct in all
Office of Head, Climate Research and Services, circumstances. India Meteorological Department also

Rainfall (0.25 x 0.25) Merged NetCDF India Meteorological Department does not accept any liability whatsoever for any error or
Pune, INDIA. 411 005. omission in the data, or for any loss or damage arising

Bt TopNettE Phone : 091-20-2553 5211 / 2553 5877 from its use. -

- Gridded Data / netCDF
Maximum Temp. (1.0 x 1.0) Bil g 3 g 2
TP (TOL0) Sy E-Mail : Ifimdpune @gmail.com, ncc@imd.gov.in
Minimum Temp. (1.0 x 1.0) Binary

temperature pressure

elevation land_cover

latitude

4+ Attributes

Metadata Standard:
http://cfconventions.org/

longitude

YL
Coordinates
describe data

~
Data variables
used for computation
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JAXA GLOBAL RAINFALL WATCH 5

Last Update: 22 Mar 2023 10:48:

Date: 2023v / 3 v |/ 18 v 06:00-06:59v UTCv
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GSMaP
Realtime

GSMaP
Climate | Nowcast

RIKEN Weather

Realtime

Precip.
Farecasts

GSMaP_STD Cloud

12h rainfall
accumulation

Time and Satellite

72h rainfall

24h rainfall 2
accumulation

accumulation

v

-4.390229
100.810546
Move Center
Save Location to Cookie
Clear cool

share of display (url)

er- Functions

Download PNG

S ¥ 2 ¢ : A
{ Google Map: Google 72h Total Rain: JAXA Reartime Rain fall Watch(JAXA/EORC)

https://sharaku.eorc.jaxa.jp/GSMaP/

Data Plot / Download

< c a fcnasa.gov/giovanni/#service=TmAWMp& e K 1ERG cex 206

&% EARTHDATA

Find a DAAC -

GIOVANNI e bricge Between Data and Science v 438

Feedback Help Log out (rocksea)

Select Plot Select Date Range (UTC) Select Region (Bounding Box or Shape)

Time Averaged Map - 1 80, 9 e x

Please specify a start date.
Select Variables
Number of matching Variables: 11012004 Total Variable(s) included in Plot: 0
Please select at least 1 variable
(J Observation (11) Keyword :IMERG

[ Search | ler

Variable Units Source  TempRes. SpatRes. BeginDate  EndDate
([ Hydrology (11)

s hemeris mm GPM Daily 01° | 2000-06-01 | 2021-09-30
» Platform / Instrument Half-
[mmihr v | GPM Hourl 01° 2000-06-01  2023-03-22
» Spatial Resolutions - o
» Temporal Resolutions mm GPM Daily 04° | 20000601 20230320
Merged satellite-gauge precipitation S
(] | estimate - Final Run (recom: mmhr_v]  GPM Monthly  01°  2000-06-01  2021-09-30

recommended for
generaluse) (GPM_3IMERGM v06)

Random error for merged satellite-gauge
precipitation - Final mimhr GPM Monthly 01° | 20000601 | 20210930
Run  (GPM_3IMERGM v06)

accumulated precipitation (combined
|

) mm GPM Daily 01° | 20000601 | 20230320

) [mmihr~] | GPM HHSW' 01° | 20000601 = 2023-03-21
jourly

[mmihrv]  GPM Hat 01° | 20000601  2021-09-30

Hourly

https://gpm.nasa.gov/data/imer
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@ dspimdpunegov.in o & % Data Type
List of Data Requests

@ India Meteorological Department About  Services  login  Register  ServiceHelpdesk  fod @® Surface O Rainfall O Agromet O Autographic O Upper Air (PB) O Upper Air (RS) O Upper Air (RW) O Radiation
O Marine O Air Pollution O Astronomical

Frequency

SL Date of and Data
#  Request Enquiry No. DataType  Parameters Period Records  Cost Status Action
Parameters 1 21-03- NDCQ/2023/03/242 SURFACE DAY DAILY 1446 INR ‘/ DATA Download Data
2023 SUMMARY  From 84815 AVAILABLE
StationList 1990 To FOR
Day Summary Availability = 2023 Waived  DOWNLOAD.
e il Months off =
Includes : Minimum Temperature, Maximum T Rainfall, Sun uration, Evaporation, Weather Pl it s
O Synoptic Hour: [0 00UTC 0J 03UTC U 06 UTC O 09 UTC 0 12UTC O 15 UTC 18 UTC O 21 UTC
2020To / REQUEST
DAY SUMMARY Fil 2023 Waived  COMPLETE.
Climate Research & Services Monhisl ot
7 ALL 217
Pune
5 27-02- NDCQ/2023/02/361 SURFACE DAY DAILY 10347 INR v/ DATA
2023 SUMMARY  From 76671 DOWNLOADED.
StationList = 2020To / REQUEST
Frequency Period Method wailability | 2022 Waived  COMPLETE
Fil Months : off=
ALL 76671
@ Dail Year : Sl vea iy ot thie Al © States
Y 2000 - 2023 In case of single year, enter same year in both the fields 4 | 262~ | NDOQMo23/02/358 | SUREACE | DAY DAY we: | mm v/ DATA
O Monthly O Districts 2023 SUMMARY  From 33063 pownLoapep, M
- ) StationList ~ 2000To / REQUEST
Months: l Jan & Feb € Mar @ Apr @ May ® Jun O Station o s ‘é\;‘fed e
for getting Meteorological Data fi Jul @ Aug € Sep @ Oct @ Nov @ Dec ALL 33063
5 2102~ NDCQ/2023/02/282  RAINEALL DAILY 192 INR v/ DATA
2023 Statior From 8467  DOWNLOADED.
availability  2020To / REQUEST
Region or Station 2022 Waived  COMPLETE.
{ad Months : off=
ALL 8467
Check State and then Click 'Add to list the Stations below
6  19-01-  NDCQ/2023/01/256 ~ SUREACE DAY DAILY 10347 INR v/ DATA
) ANDHRA PRADESH ) ARUNACHAL PRADESH 0 ASSAM O BIHAR 2023 SUMMARY  From 76671 DOWNLOADED,
StationList ~ 2020To / REQUEST
[J CHHATTISGARH O DELHI 0 GOA ) GUJARAT Availabi 2023 Waived  COMPLETE.
File Months : oft=
L. k. h tt ° d o d o [J HARYANA [J HIMACHAL PRADESH [J ISLANDS ) JAMMU AND KASHMIR ALL 76671
I n L) ps [ ] s p.l m p u n e.g ov. I n [J JHARKHAND [0 KARNATAKA 0 KERALA [0 MADHYA PRADESH 7 27-09-  NDCQj2032/00/i81  SUREACE DAY DAILY 7670 INR / DATA e
MAHARASHTRA [ MANIPUR [ MEGHALAYA () MIZORAM 2022 SYJ,MMARV, From 56835 DOWNLOADED.
StationList ~ 2000To v/ REQUEST
0 NAGALAND () ODISHA O PUNJAB O RAJASTHAN Ao 2 Yrebed v
File onths : e
O SIKKIM ) TAMIL NADU ) TELANGANA ) TRIPURA ALL 56835
[J UNION TERRITORY (J UTTAR PRADESH (J UTTARAKHAND () WEST BENGAL 8  26-00-  NDCQ/2022/00/163  AGROMET ~ AGROMET  DAILY 7602 INR v/ DATA Download Data
2022 (sM) From 64617 DOWNLOADED.
StationList ~ 2000To / REQUEST
Availal 2021 ‘Waived COMPLETE.

m AHMEDNAGAR [43009], AKOLA [42933], ALIBAG [43058], AMRAVATI [42937], AURANGABAD -
(CHIKALTHANA) [43014], BARAMATI [43069], BEED [43011], BHIRA [43062], BRAHMAPURI (429461, -

RITTDHANA [ 790211 CHANDRADITR 720901 DAHANTIT /5011 DEVEAN (/21221 GADCHIROTT [720771 Z
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&< > C @& tropmetres.in/~lIn/lightning_last24hr.html
TN LAaNmsT — 74 [ /.~ o
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&« - C @ app.cpcbeer.com/AQl_India/ ™ 2 & 0O e :

Central Pollution Control Board,

National Air Quality Index ‘S

_/  Ministry of Environment, Forests and Climate Change

State  Delhi b City Delhi v Station Anand Vihar, Delhi-DF v 22/03/2023 HH 17:00 6]

reer Anand Vihar, Delhi - DPCC
Ghaz
Prominent Pollutant is |
Qj (0] Wednesday, 22 Mar 2023 05:00 PM
<4
/4
d
v, 4
‘I
Al Pollutant Timeline Avg Min Max
S @
g V\S" bl PM2.5 ll. .. 215 72 314
) el N\ .
N N S 2 2
® \4%3’, 3 PM10 &) 08 137 36
@ wNH. 9
24.8%.7%
NH-24 N NO2 85 42 130
@ A
- N —.-.-_-.-.—-.-.-.-.-.._I.-.-_-.-.-.-.-.—_-_- d & L
Al
S02 E ] m = 35 21 52
@ co 101 80 114
® OZONE i - 36 14 87
s 12AM, Wed BAM, Wed 12PM, Wed
Leaflet
AQI Remark Color Code Possible Health Impacts & List of AQI Stations with Data of above selected Date & Time
0-50 Good - Minimal impact
51-100 Satisfactory Minor breathing discomfort to sensitive people
101-200 Moderate Breathing discomfort to the people with lungs, asthma and heart diseases
201-300 Poor Breathing discomfort to most people on prolonged exposure
301-400 Very Poor Respiratory illness on prolonged exposure

https://app.cpcbcer.com/AQl_India/

401-500 Severe

Affects healthy people and seriously impacts those with existing diseases
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INDIA METEOROLOGICAL DEPARTMENT &
Ministry of Earth Sciences

Government of India

HOME DEPARTMENTAL WEBSITE ABOUT IMD PEOPLE PUBLICATIONS SOP SERVICES PRESS RELEASE

Specialized Forecasts

All India Weather Forecast Bulletin | Download PDF

Hrew gatgas &= m National Weather Forecasting Centre
Hraw Qe Aarr o India Meteorological Department
Ministry of Earth Sciences

Wednesday 22 March 2023
MID-DAY
Time of Issue: 1345 hours IST

Weather Forecast & Warning:

+ Northwest India: A Iresh spell of rainfall & thunderstorm activity is likely to commence over the region from evening of 23rd March with Isolated
hailstorm likely over Himachal Pradesh, Uttarakhand, Punjab, Haryana, Chandigarh, West Uttar Pradesh and Rajasthan on 23rd & 24th March, Isolated heavy
rainfall very likely over Ilimachal Pradesh, Uttarakhand and Punjab on on 24th March.

4 Central India: Mainly dry weather likely over the region during next 2 days. Ihereafter, a fresh spell of rainfall & thunderstorm/hailstorm activity is likely to
commence over the region (Madhya Pradesh, Vidarbha & Chhattisgarh) during 24th-26th March.

+ South India: Isolated light rainfall with thunderstorm & lightning likely over Tamilnadu, Puducherry & Karaikal on 22nd March and over Andhra Pradesh
during next 5 days. A fresh spell ol rainfall & thunderstonm activity is likely to commence over Telangana, Kerala & Mahe and interior Karnataka from 24th
March,

¢ Northeast Tndia: Scattered 1o Tairly widespread light/moderate rainfall activity with thunderstorm, lightning & gusty winds likely (o continue over Northeast
Tndia during next 2 days.Isolaled heavy rainlall very likely over Arunachal Pradesh and Assam & Meghalaya on 22nd March

4 Fast India: Isolated to scattered rainfall with thunderstorm, lightning & gusty winds likely over Fast Tndia on 22nd and decrease significantly therealier. A
fresh spell of rainfall & thunderstorm activity is likely (o conmence over the region from 26ith March

Main Weather Observations

#Rainlall/thundershowers observed (from 0830 hours 1ST ol vesterday (o 0830 hours IST ol today): at most places over Arunachal Pradesh, Assam &
Meghalaya, Sub-Himalayan West Bengal & Sikkim, Ultarakhand; at many places over Nagaland, Manipur, Mizormm & Tripura, Gangetic West Bengal,
Odisha, Jharkhand, Last Uttar radesh, Chhattisgarh; at a few places over Bihar, West Uttar Pradesh, 1limachal Pradesh, West Rajasthan and at isolated
places over Jammu, Kashmir, Ladakh, Cilgit, Balistan & Muzaffarabad, llaryana, unjab, Last Rajasthan. Madhya Pradesh, Vidarbha, Gujarat, Madhya
Maharashira, Konkan & Goa, Andhra Pracdesh, Telangana and Tamilnadn,

+ Signilicant amount of rainfall recorded (from 0830 hours TST of yesierday 10 0830 hours ST of today)(in cin): Arunachal Pradesh: Tuting (dist Upper
Siang) 4; Assam & Meghalaya: Shella (dist Fast Khasi Hills) 9, Mawsynram (dist Fast Khasi Hills) 7; Jharkhand: Hazaribagh, Koderma-5 cach, Giridih-
4; Sub-Himalayan Wesl Bengal & Sikkim: North Sikkim-6; Odisha: Kendrapara, Ganjam=5 cach, Gajapati, Kalahandi-4 each; Fast Uttar Pradesh: Kheri-9,
Pratapgarh, Varanasi-6 each, Barabanki-4; Chhattisgarh: Masturi (dist Bilaspur) 4, Patharia (dist Mungeli) 4, Mungeli (dist Mungeli) 4: Coastal Andhra
Pradesh & Yanam: Vepada (dist Vizianagaram) 7. Cajapathinagaram (dist Vizianagaram) 4, Ranastalam (dist Srikakulam) 4 lamilnadu: Pennagaram:
Dharmapuri-9; Konkan: Pen (dist Raigacd) 4.

+ Hailstorm observed (from 0830 hours ST of yesterday 1o 0830 hours 1ST of today): at isolated places over Fast Utlar Pradesh, Chhattisgarh, Odisha,
Tharkhamnd. Biluar and Odisha.

R
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(a) WEATHER FORECASTS
predictability comes from initial
atmospheric conditions

S2S PREDICTIONS
predictability comes from initial

atmospheric conditions, monitoring the
land/sea/ice conditions, the stratosphere

AL

1+
& LY CHINDIA
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CLIMATE DATA

excellent and other sources
SEASONAL OUTLOOKS
- predictability comes primarily from
= good sea-surface temperature conditions;
% accuracy is dependent on ENSO state
b _
< fair ®
@ —
o
O poor
T
Zero
Daily values
1-10 days Weekly averages
30-90+ days
FORECAST RANGE

(b)

USER NEEDS
Reliable and actionable information for decision-making

SHORT MEDIUM EXTENDED LONG
RANGE RANGE RANGE (S2S) RANGE
1-3 DAYS 3-10 DAYS 10-30 DAYS >30 DAYS

v

SHORT- TO MEDIUM-RANGE
WEATHER-INFLUENCED ACTIONS

 issue warnings « start monitoring forecasts
e distribute humanitarian aid  update contingency plans
¢ evacuation ¢ inform strategic planning decisions

v

$2S WEATHER-INFLUENCED ACTIONS

* continue monitoring forecasts

¢ update community warnings

e initiate preparedness activities

* revise water allocations

* activate water conservation practices

LON G-RANGE
WEATHER-INFLUENCED ACTIONS

« supplement financial risk strategies

e inform loss scenarios

e update peak energy demand scenarios

* pre-positioning of disaster response materials

* implement irrigation, pesticide or fertilizer
schedules
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India Meteorological Department
Ministry Of Earth Sciences

Government Of India
o T

HOME DEPARTMENTAL WEBSITES

Warnings

Subdivisionwise | Districtwise

ABOUT IMD ~ PEOPLE ~

Nowcast

Districtwise | Stationwise

PUBLICATIONS ~

I - |

SERVICES ~ PRESS RELEASE

Public Observation

Specialized Forecast =

(Multi Indian Languages) | Weather Realized

activity over Northwest India on 23rd & 24th March; over Central India during 24th-26th and over Eastern India on 26th March, 2023. © Celebration of World Meteorological Day 2023 on 23rd March, 2023 Thursday © Current

CURRENT WEATHER

Current Weather

SATELLITE RADAR LIGHTNING

SATELLITE

NEWS & EVENTS

IMPORTANT LINKS

& Monsoon OnLine

4 Home @ Monitoring

» Weather Forecasts ~

ll

JRATYU!

e AL
[ndia‘s‘Fastest & Firét

asonal Forecasts =

Panjim
€ ports DAILY RAINFALL FORECAST, IMD
Aminidivi [ Portblair
Minicoy o
NEW DELHI 120 144 168 192 216
8 236°C @ 67% W Westerly5.4km/h About MOL

© Observation time : 2023-03-22 11.30 IST
Sunrise Sunset Moonrise Moonset
06:24 (IST) 18:33 (IST) 06:50 (IST) 19:21 (IST)

OUR SERVICES

RAINFALL INFORMATION MONSOON INFORMATION CYCLONE INFORMATION o

Read More ® Read More @ Read More ® Political Boundaries in Images P |
Disclaimer: MOL compiles data and images from 0
several agencies across the globe. The depiction o %

AGROMET ADVISORY SERVICES CLIMATE SERVICES URBAN METEOROLOGICAL SERVICES OF politcal Botindaries taed in thesa extermal Il

Read More ®

AVIATION SERVICES

Read More @

Read More @

CLIMATE HAZARD & VULNERABILITY ATLAS
Read More @

w Celebration of World Meteorological Day on 23rd March, 2023

Read More @

GEOSPATIAL SERVICES
Read More ®

FORECASTS

> Short to Medium Range Model Guidance

Link:

s o = 'y |

» Extended Range Outlook

» Seasonal Forecast

» Quantitative Precipitation Forecast

D At Monsoon OnLine (MOL) you can closely
monitor the daily and weekly evolution of the
monsoon, and have a look at the short-term and
seasonal Forecasts compiled from IITM/IMD and
forecast agencies across the globe. MOL is
managed at the Indian Institute of Tropical

Meteorology, Pune.

images may not be authoritative or accurate,
and are not endorsed by MOL or IITM.

IMD :GFS MODEL(12 Km) RAINFALL (mm) FORECAST (24 HR)

0%

based on 00 UTC of 21-03-2023 valid for 03 UTC of 22-03-2022

E3 E3 a0 wE 3 100 T

(hasiground dons mot dagiot 3iliioal sanmars)

Link:

mol.tropmet.res.in
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Monsoon OnLine

A Home @ Monitoring » Weather Forecasts ~

Search

24 48 72 9% 120 144 168 192 216
About MOL

"D At Monsoon OnLine (MOL) you can closely
IMD :GFS MODEL(12 Km) RAINFALL (ram) FO
based or 00 UTC of 21-03-2023 valid for 63 UTC o

monitor the daily and weekly evolution of the
monsoon, and have a look at the short-term and

seasonal forecasts compiled from IITM/IMD and
forecast agencies across the globe. MOL is
managed at the Indian Institute of Tropical
Meteorology, Pune.

Political Boundaries in Images

Disclaimer: MOL compiles data and images from
several agencies across the globe. The depiction
of political boundaries used in these external
images may not be authoritative or accurate,
and are not endorsed by MOL or IITM,
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@ internalimd.gov.in/pages/heatwave_mausam.php 2 *
Q. What is criterion for declaring heat wave? INDIA METEOROLOGICAL DEPARTMENT | /il
. - - ] : Ministry of Earth Sciences y
Heat wave is considered if maximum temperature of a station reaches at least Goveranant of Tndia M -
40°C or more for Plains and at least 30°C or more for Hilly regions. BN
a) Based on Departure from Normal S Ty

Heat Wave: Departure from normal is 4.5°C to 6.4°C

Severe Heat Wave: Departure from normal is >6.4°C

b) Based on Actual Maximum Temperature

Heat Wave: When actual maximum temperature = 45°C e
Severe Heat Wave: When actual maximum temperature 247°C IR g Ui s

[

Current Temperature Status and Heat Wave Warnin

If above criteria met at least in 2 stations in a Meteorological sub-division for at least two

Dated: 21* March, 2023
Time of Issue: 1630 Hrs IST

consecutive days and it declared on the second day.

+ Observed Temperature Scenario:-
sterday) (Annexure 1):-
nge of 22-27°C over Punjab, Haryana, Chandigarh north Rajasthan,
in the

& Delhi,
es; in the range of 24-34°C over rest parts of the country except over Wester
he range of 15-21°C.

pe 2°cat
* Markedly above normal (5.1°C or more):- NIL.

Q. What is a criterion for describing Heat Wave for coastal stations?

« Appreciably above normal (3.1°C t0 5.0°C ):- NIL

When maximum temperature departure is 4.5°C or more from normal, Heat Wave may

be described provided actual maximum temperature is 37°C or more.

+ Percentile Temperature (Annexure 3) :-

+ Temperatures Recorded at 1430 Hours IST of Today, the 21 March, 2023 (Annexure 4) :-

ju) recorded the highest temperature of 36°C.
change at 1430 hours IST of today: Temperatures have risen between 1-3°C at most places

jer Himachal Pradesh, Punjab, Rajasthan, Madhya Pradesh and Bihar and at many places over Uttar Pradesh.
+ Wind Speed & Relative Hu

+ Maximum

« East India: No signif
thereafter.

Link:  https:/[internal.imd.gov.in/pages/heatwave_mausam.ph
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CLIMATE CHANGE | Sea Level Rise
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The same school four years later in November 2017, submerged by the rising waters of the Bay of Bengal
| Utpal Giri
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Mumbai Sea Level Change

Sea-level anomaly (cm)
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Link:
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CLIMATE CHANGE | Sea Level Rise

The gently sloping area adjoining

Sea level rise and the coast, the continental shelf,
additional inland intrusion has an average downward slope

of about 0.1°.

A 3 cm rise for a slope of 0.1°

1700cm would take away 17 meters of
™ (additional inland intrusion)
amsa® : New sea level land.

The trigonometry:
Land intrusion
= sea level rise [ tan(slope)
.o =3 cm [ tan(0.1°)
New Original e — 1700
coast line coast line - = cm

Lengths not to scale.
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CLIMATE CHANGE | Sea Level Rise

Bramble Cay Melomy is the first species
to be extinct due to anthropogenic
climate change.

Sea level rise
inundated the

east Indian Ocean
island where

they lived.

16 hectares) few decades before

PAPUA NEW GUINEA

Torres Straito

AUSTRALIA




CLIMATE CHANGE | Cyclones

Percentage of Cyclones in each Ocean Basin (%)
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N
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Tropical Cyclones over ocean basins

995 975
A L 1000
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Indian
Ocean
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Atlantic
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-0

northeast northwest Southern

Pacific

Pacific Hemisphere

@ uiseg UBad Q) Yoea Ul SaUOJOAD JO Jaquinp [e10l

Cyclones derive their energy from the
warm waters of the ocean.

Arabian Sea and Bay of Bengal together
contributes to only 6% of global
cyclones, but 80% of fatalities.



CLIMATE CHANGE | Cyclones

T
CFINDIA

CLIMATE DATA

UHINERSTY GF PEANS LI

Deshpande et al. Changing status of tropical cyclones over the north Indian Ocean, Climate Dynamics, 2021

30°N
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20°N
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o <
: : . "
0° | Cyclone genesis locations Arabian Sea Bay of Ben g al
® pre-monsoon 509 i * + 8% d a
e post-monsoon o INnCrease o decrease
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& Total duration of Cyclones
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Cyclone eAtlas - IMD Government of India

Tracks of Cyclones and Depressions over Se M T e
y JEE 2 India Meteorological Department

North |ndian Ocean Regional Meteorological Centre
1891 - 2021 Chennai

@
Q
@
=

65 T i 30

<en 9 Cyclone eAtlas - IMD

Welcome rocksea [Edit Profile] [Change Password] [SignOut] b
% . SLE
Display of Tracks View of Tracks of C and Ds o
( View by general selection ) Basic Options :
( View by specific selection ) First Year Last Year First Month Last Month o
Statistical information Basin (F) [IBay of Bengal 4 Arabian Sea ®1and Area Ol n i
= ) . — n :
Map form view Intensity [IDepression Cyclonic Storm Severe Cyclonic Storm Clan £D) HGP SBP
( Monthly frequency ) Intensity Type ® Maximum O At Crossing
( Formation / Dissipation ) Advanced Options — = //
[] Advanced Options1 [JAdvanced Options2 o Sk
( Direction of motion ) Advanced Options 1 HYD (
( Scalar / Vector speed ) Formed Over Dissipated Over o
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Tabular /Graphical View - . 4-Iday NPT
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About eAtlas « »
Technical Notes
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it ' [ JTo 510 [ ] fut
Disclaimer Display Option
@® with Marking O without Marking 7 About Best Tracks
| View | | Reset | €7 Best Tracks Data (1982-2022)

Link:
httos:/Iremenewdelhi imd. aov.in

B
1 -

2022 Tracks of Cyclones and Depressions for the period of Jan-Dec 2022



CENTERFCR
1 CADMANCTD
& LU¥CFINDIA

CLIMATE DATA

CYCLONES | Cyclone Forecasts

UHIERSITY O PEASYLIIA

Odisha Phailin
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2013 Forecast
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WAVE HEIGHT (m)

Wave Height (m) : Karwar(14.81,74.04)

-e— OBSERVATION(IST) -o- BCSWAN_ENODAC(IST)

WAVE HEIGHT (m)

Q\
o &> ,\/Q' 0. \b" ,\/Q)' \(Q)‘ ’]9‘ ’1:]/. ’]P( .

Wave Height (m) : Versova(19.11,72.74)

-e- OBSERVATION(IST) -e= BCSWAN_EDA(IST) -e=- BCSWAN_ENODA(ST)




OCEAN DATA | Ocean Monitoring CLIMATE DATA

HNERTY O PESYIAAA
Agriculture/Farming _ Fisheries/Marine Transportation
C @& incois.gov.in/portal/OON.jsp 2 x & » 0 ﬂ
(gg ESSO - Indian National Centre for Ocean Information Services
ESSO Hindi | Home | Annual Reports | Vacancies | Tenders | Library | Feedback | Sitemap | Contact Us

Organisation = Services Data & Information Ocean Observations ~Modelling & Research = Satellite Oceanography

ITCOocean

& Ocean Observations Home Ocean Observations

Ocean Observation Networks (OON)

Weather/Climate/Ocean
‘Forecasting Mbdelfsv o

Indian Ocean Observing System (IndOOS) Beal et al. 2020 ©/AMSTECHEEE

| 4

Link:  https:/[incois.gov.in[portal/OON.jsp
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& > C @& pslnoaa.gov/data/gridded/data.cpc.globalprecip.html &< > C & pslnoaa.gov/data/gridded/data.cpc.globaltemp.html

\Z Physical Sciences Laboratory X7 Physical Sciences Laboratory

s A Home » Data » Gridded Climate » CPC Global Unified Temperature
4 Home » Data » Gridded Climate » CPC Global Unified Gauge-Based Analysis of Daily Precipitation © e e 3

CPC Global Unified Gauge-Based Anc CPC Global Unified Temperature

CPC 0.5x0.5 Global Daily Gridded Temperature
CPC 0.5x0.5 Global Daily Unified Gauge-Based Analysis of Precipitation.

CPC Global Tmax Anom Mar 20, 2023
CPC Global Precip Mar 20, 2023 1991-2010 LTM
1991-2010 LTM Maximum Temperature Anomaly

Precipitation Mean i 0N 1 1 1 1 1
| | | | | | | 1 1 | |

90N

308

60S

90S T T T T T T 1 T T T T
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LA

012345678 91011121314151617 181920

Download and Plot Data
Download and Plot Data o
Clear
& Variable ¢ Statistic Clevel ¢TimeScale  Options
© Maximum Long Term Surface Daily = AT
& Variable $ Statistic ClLevel ¢ TimeScale Options Temperature Mean
©  Precipitation  Long Term Mean  Surface  Daily = ATN @ Maximum Maximum Surface  Daily =A™
Ti it
€@  Precipitation  Long Term Mean  Surface  Monthly =R STIPEERRE
_ » ) = © Minimum Long Term Surface Daily =AY . .
@ Precpiation  Totl Surface  Daly LR Temperatre Mean https://psl.noaa.gov/data/gridded/data.cpc.globalprecip.ht
@ vinimum wnmn sutce 0ay Bxe https:[[psl.noaa.gov/data/gridded/data.cpc.globaltemp.htn

Thredds Catalog: B Download: & Plot/Subset: s Temperature
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CLIMATE CHANGE | Climate Modeling
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Shared Socioeconomic Pathways

CO, emissions (billion tonnes CO, per year)

CO, peak
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80 High
60
CO, peak
40 A CO, halved
204 CO, peak
co2 peak Medium
S T e T e
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1 1 1
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2080
Global warming since 1850-1900 (°C)
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CLIMATE CHANGE | Future Climate Projections

> C @ interactive-atlas.ipcc.ch/regional-information#eyJ0eXBlljoiQVRMQVMILCJjb21tb25zljp7imxhdCIELTI3NTAXNTIsimxuZyl6lTezMTA.. @ 1© % €& & 0O 9

.
lpcc @® |IPCC WGI Interactive Atlas: Regional information (Advanced) Homev About Guidance License
et gl
DATASET Vv 8 VARIABLE Vv M QUANTITY & SCENARIO v SEASON
Region Set

WGI reference-re... v

“
CMIPG - Mean temperature (T) Change deg C - Long Term (2081-2100) SSP5-8.5 (rel. to 1850-1900) - Annual (34 models)
Regions: South Asia

= SRR
g e el i g gEE | g e m siipes

Period Scenario Median (deg C) P25 | P75 P10 | P90 P5 | P95

Near Term (2021-2040) SSP5-85 1.3 1115 .8 | 1.9 0712

Medium Term (2041-2060) SSP5-8.5 24 202 1832 16|34

Long Term (2081-2100) SSP5-8.5 51 42|58 39|67 38|71

Link:  https://interactive-atlas.ipcc.ch
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Annual CO, emissions

Annual CO2 emissions In 1950 the world emitted 6
Carbon dioxide (CO,) emissions from fossil fuels and industry’. Land use change is not included. bi | I ion tOnS Of Coz

World
35 billion t

Emissions have continued to
20 bifon grow rapidly; we now emit
e il over 34 billion tons each year.
20 billion t COVID: 2 billion tons dlp, but
not large enough to make a

15 billion t . 000
significant change.
China
10 billion t //
. : Europe . o e e
5 billion t /\f}/n\\ nesaes  https:/[ourworldindata.org/co2-emissior
India
htd /W Russia
0t = — 7 Japan
1850 1880 1900 1920 1940 1960 1980 2000 2021
Source: Our World in Data based on the Global Carbon Project (2022) OurWorldInData.org/co2-and-greenhouse-gas-emissions * CC BY

1. Fossil emissions: Fossil emissions measure the quantity of carbon dioxide (CO,) emitted from the burning of fossil fuels, and directly from industrial
processes such as cement and steel production. Fossil CO, includes emissions from coal, oil, gas, flaring, cement, steel, and other industrial processes.
Fossil emissions do not include land use change, deforestation, soils, or vegetation.
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Annual per-capita CO, emissions

Per capita CO2 emissions
Carbon dioxide (CO,) emissions from fossil fuels and industry’. Land use change is not included.

Energy: electricity, heat and transport

Global greenhouse gas emissions by sector gisee
20 t This is shown for the year 2016 - global greenhouse gas emissions were 49.4 billion tonnes CO,eq.
1ron ang stee/ /Z,m
151 United States /
| "—",,W s
s - Agriculture,
®_ % ' Forestry &
sy Land Use
Water, 3" 18.4%
Che ica
10t e
Cement
/ China - »,‘;\muu\m*‘.
Ns_¢ " South Africa Enerdl Fighing (179
\ European Union (27)
United Kingdom e R4 Tr,
= World ’ e L9 ”msporz
,;\\,G \
. & \
India S
/ 3 é\/)@r ' 5(\\’] :
0t i B ‘ ‘ ’ - Kenya Ay, 8Y use in puildin®
f T T T T T ) ‘\\\;‘"“
1850 1880 1900 1920 1940 1960 1980 2000 2021 e - B e
Source: Our World in Data based on the Global Carbon Project (2022) OurWorldInData.org/co2-and-greenhouse-gas-emissions * CC BY Source Climate W arces Instt e der CC-BY by the author Hannah Ritchie (202

1. Fossil emissions: Fossil emissions measure the quantity of carbon dioxide (CO,) emitted from the burning of fossil fuels, and directly from industrial
processes such as cement and steel production. Fossil CO, includes emissions from coal, oil, gas, flaring, cement, steel, and other industrial processes.
Fossil emissions do not include land use change, deforestation, soils, or vegetation.
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How do we measure past atmospheric CO,?

llows for the
)ngest extension of
- historical CO2 records,
~ extending back 800,000
years. The most famous ice
core used for historical
reconstructions is the
 Vostok Ice Core in
~ Antarctica.
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Book on rain data from
budding weather folk

Student meteorologists observe World Water Day

Students of the St, Joseph's Upper Prim;ry School, Malayinchippara, with their book o

rainfall details of the Meenachil river basin. svisunu praTAP

STAFF REPORTER
KOTTAYAM

It's always so much fun for
kids to play outside in the
rain. For this young bunch of
amateur meteorologists,
measuring these showers
and assessing its impact on
the local environment offers
even more excitement.

As the world celebrated
World Water Day on Tues-
day, a group of students
from St. Joseph's Upper
Primary School in Malayin-
chippara brought out a book
on the local rainfall database
of the Meenachil river basin.
Eminent  conservationist
Madhav Gadgil released the

hanl af an anline fimetinn

details generally correlate
with official measurements,
while also helping one to un-
derstand the very localised
nature of rainfall.

In his preface to the book,
Roxy Mathew Koll, a climate
scientist with the Indian In-
stitute of Tropical Meteorol-
ogy, Pune, said the initiative
had taken the school closer
towards being climate-
equipped.

Daily basis

“The school now monitors
rainfall using rain gauges on
a daily basis. This exercise
helps the students and the
community make sense of

tho rainfall and woaathor

Mr. Koll had also co
training sessions for
in rain-gauging and
activities.

Climate Action Gre
These kids, membel
school's  Climate
Group, are also assis
Meenachil River Rai
toring Network run
Meenachil River Pre
Council (MRPC), a c«
tionist collective.
Commenting on tl
tive, Aby Immanuel
tary, MRPC, said pla
also afoot to install
flow monitoring sca
thermometer on the

nraomicoc to Maact
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Roxy Mathew Kaoll
D Centre for Climate Change Research

c L IATE D ‘ O Indian Institute of Tropical Meteorology
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