Abstract ID:Th-4.14

WMO-IWMS

o Il’"\\ WORLD
= Q\' "."jll METEOROLOGICAL
7 N ORGANIZATION

Increasing Uncertainty in Large Drought and Flood Projections over Central India
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INTRODUCTION

The interannual variability of the Indian
Summer Monsoon (ISM) significantly impacts
the livelihoods of people living in the Indian
subcontinent.

Projections from various studies indicate a
potential increase in the ISM Rainfall by the
end of the century (Katzenberger et al., 2021,
2022; Gupta et al., 2020; Moon and Ha, 2020;
Rajbanshi and Das, 2021; Long and Li, 2021,
Banerjee and Singh, 2022).

The formation of low-pressure systems in Bay
of Bengal and central India has crucial role

in defining the flood and drought events of
ISM.

In this study, we investigated large floods (LF)
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Figure 3. JJAS mean rainfall departure (in percentage) in CMIP6 Models over
Central India (75 °E — 85 °E and 19 °N — 26 °N) for Historical, SSP126, SSP245 abd
SSP585.

*» LPS tracking algorithm
* We used the tracking technique of (Praveen et

RESULTS

LF years display a coherent north-westward
propagation of LPS into the Indian land region,
whereas LD years exhibit reduced northward
propagation and a more prominent eastward
propagation of LPS away from the Indian landmass.

In future projections, the number of LPS tracks per

year decreases by 3.27% during LF events and by
7.69% during LD events compared to historical

events.

s+ Examination of coincidence of ENSO with

Meteorological large floods and large
drought Events

Nino 3.4 Bins (Historical vs. SSP585)

5001 B Historical
" = SSP585 Figure 9. The
€400 number of Nin 03.4
S oo Index Bin Counts
c across all models in
£ 2007 both historical and
Z 100 SSP585 Scenarios

0-
Q b&
°fbo " < fbo > °\/o’ 6@“ x&Q?)@‘0\/&0\’6@‘0’»&0&6‘0’5&0’5‘)@’“ o 6
fb‘)fb\'@%rb\'»\f’)\}'QQQ'\'\’L’L")”)b‘

Nino 3.4 Bins

and large droughts (LD), defined as the _ * Moderate ENSO events are projected to decrease under
T - al., 2019) to follow the paths of LPS in the future scenarios of greenhouse warming compared to the
seasonal mean precipitation exceeding . o . .
o . . . ERA-5 reanalysis data and CMIP6 models. historical period, while extreme ENSO events are expected
+10%for historical all forcing run and future . Using gridded daily sea level pressure (SLP) {0 INCrease.
climate projections from the Coupled Model J 9 Ay S€ press .
Intercomparison Project phase 6 (CMIP8) data, this technique finds closed isobars at 50,
J ' intervals of 1 hPa to detect and track LPS. 40/
DATA Figure 4. Schematic diagram showing the %30-
identification of the LPS center and £ 20y
cglculation of the pressure gradient.for (a) a lo. { I . i i
% IMD Gridded Rainfall data * 0.25°x0.25° etom (Pravenn atal 2018y e oL B BL B B e s ii "H
o Vv o N o Q7 0 Q" O ST S >
¢ 1901 -2023 0){9& ?)sg,o o "1,&0 '\f’)& '\‘&9 o o ,\:’) ,1,&0 ,L") ,b\,o
Nino 3.4 Index Bins
X COUpled Model |nterCOmpari30n RESULTS Figure 10. Probability of occurrence of large floods and large droughts
. across Nin 03.4 bins (Historical)
Project Phase 6 ** Number and Return Period of Meteorological 1002

« 25 CMIP6 Models (All available models) large Floods and large Droughts over Central z %

° Scenarios_ HlSt0r|C8|(1901-2014), India in Different CMIP6 Scenarios % 00
SSP126, SSP245, SSP585(2015-2100) | EEEE| riowes ox.

. . 12 - Medon ISKer piot O 201
+ Variant Label- r1i1f1p1 i | nimber o arge TR
NPT flood and large 0— Ii {i si f,i ;i o o,i \,i o)i fbi o,i n 6 % %
* Precipitation , Sea Level Pressure, Sea L o : T drought years in & 2" WS e S P S
fo different CMIP6 R N S IS R R
Surface Temperature | Nino 3.4 Index Bins
a scenarios
Figure 11. Probability of occurrence large floods and large droughts across
I T B J T Nin 03.4 bins (SSP585)
METHODOLOGY ° JER r o g o g « The relationship between EI Nino and La Nina
&«~°°° & . S Qf & & & events with large floods and large droughts becomes
» Identification of Large floods and large Y R A Y more uncertain in future projections.
drOughtS 5000__ ° | o L Figure 6. Box- CONCLUSIONS
. . 200 e TR T Whisker plot of . . —
 The mean of percentage anomalies exceeding 73| S return period of * The increase in LF count and decrease in its
101 Zeen ° ° large flood and . : :
+10% for floods and below -10% for droughts. s e arae drought return period over central India in future

» This mean value is used as the threshold for ° 8 T | Gaisgarerent scenarios, compared to LD occurrences,
identifying LF and LD events, effectively filtering 5| e == @ 1 B2 . == | scenarios suggests that future climates are likely to
out only the ‘large events’ from the overall ISM & \* & 'v w & experience more frequent extreme wetter

h rren : & 0&* & & & &
flood and droug tocc.u ences - R A e A seasons. | | |
 The thresholds derived for the historical M R .  The return period for LD in future scenarios
scenario are consistently applied to future ) e ) exhibits greater uncertainty compared to that
scenarios. « The number of LF shows an increase, while the of LF.

* Return period of LF and LD calculated using median count of LD exhibits a decrease with an « The higher track density and more
generalized extreme value (GEV) distribution. increage ip the _spread across ensembles in future pronounced north-westward propagation of
The GEYV distribution is fitted to the annual ?‘;}e”aqo S'm“'?tg’?s' F aradually LPS over the Indian landmass during LF

: . TRY . e return period for gradually decreases across .
maxima and minima of JJAS precipitation . . . -
a ?a fd [ da O \CJIJd S pstcp atio fivel different scenarios. In contrast, the return period for compared to LD !nd'caj[e_ th-e role of sub
anomalies 1or floods an rofjg d?: respec 'L\D’e Y- LD in future scenarios exhibits greater uncertainty seasonal  synoptic activity in extreme wet
Study Area: Central India (75E-85E, 19N-26N) | threshold ~ threshold CO m pa red to th at Of L F' eve ntS "
W L wo « LF events are projected to occur more
s ez e * Relation between Low Pressure Systems( frequently during El Nino years in the
o LPS) and Meteorological large flood and large SSP585 scenario, suggesting a fundamental
o wanm 6 s Drought Events change in the link between ENSO and ISM
. owsewio N o e extremes.
v owcew % s " | * Investigation of the role of thermodynamical
15 FGOALS-f3-L 55 -59 00F €5 70 75E BOE BRE 9OF 95E%100E 00F €5 70 7SE BOE BEE 9OE 95E%100E ' OE 65E 70E 75E B80E B85E 90E 95E 100E . . .
15 g‘iﬁf;if; jﬁ 2(5) Figure 7. a-b)Multi model LPS composite for large floods and large droughts for the and dynamlcal COﬂtrlb.Uthr.]S tO the Iarge flood
18 ITM-ESM 35 395 historical scenario(1901-2014), ¢) difference between large flood and large drought and |arge drgughts iIN historical and future
= ;(9) ::;\f((:::/l/IGSAOLR i;s 3: multi model composite of LPS. projections
it II||I|.|| I ||.||| .||||||I.,|_.JI|.| R Y. I | o osero o Tl T
L B 1 AR ) REFERENCES
FEFFF S SIS SO ;2 222:?2’515 E:G :Z ngi 1. Singh, D., Ghosh, S., Roxy, M. K. and McDermid, S. (2019), ‘Indian summer
o | N monsoon: Extreme events, historical changes, and role of anthropogenic

Figure 2. JJAS mean rainfall departure (in percentage) Table 1: The mean threshold for e x b5 r0e—75t—soe a5 —sve o5t e 050 forcings’, Wiley Interdisciplinary Reviews: Climate Change 10(2), e571.

: large flood and large drought in . . . . . 2. Katzenberger,A.,Levermann,A.,Schewe,J.andPongratz,J.,2022.Intensificationofv

from IMD gridded rainfall data over Central India (75
°E — 85 °E and 19 °N — 26 °N) during 1901 to 2023

Figure 8. a) Difference between SSP585 and historical large flood multimodal LPS

IMD rainfall data and CMIP6 composite , b)Same for large drought

models
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