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Background and Motivation

> Highly complex system — Mountainous terrain
> Water tower of Asia — sources major Asian rivers

> Glacier (Third pole) — Permanent ice cover with a
varying degree of topographic complexity

> Unique geographical setting with steep southern IO
slopes and, bare and gentle northern slope ..; 4
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> Orographic barrier separating the wet Indian
subcontinent from the arid Tibetan Plateau

> Modulates global weather patterns and is a climate
regulator for much of Asia via interaction between
atmosphere and topography

O

Credits: NASA's Earth Observatory/Joshua Stevens
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Changes in western disturbances over the Western Himalayas
in a warming environment
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Data, Models, Methodology

CMIP5- 34 CMIP6 - 32

P R C PTOT Annual wet-day precipitation (mm)
Annual total precipitation in wet days
\J

Very wet days (mm)
Annual total precipitation from days >95 percentile

Max 1-day precipitation (mm)

RX 1 d ay Annual maximum 1-day precipitation

Max 5-day precipitation (mm)

RX5 d ay Annual maximum consecutive 5-day precipitation

Simple daily precipitation index (mm/day)
The ratio of annual total precipitation to the number of wet days

Number of very heavy precipitation days (days)
Annual count of days when daily precipitation 220 mm

Consecutive dry days (days)
Maximum number of consecutive dry days

Consecutive wet days (days)
Maximum number of consecutive wet days

Extremes indices, defined by the Expert Team on Climate Change Detection and Indices (ETCCDI)

CMIP

=

-

The World Climate Research Programme’s
Coupled Model Intercomparison Project

Reference Data
APHRODITE

Taylor skill score (TSS) was used
in ranking the models.

TSS =

4(1 + PCC)?
2
( O Model GObservation) (1+R0)2
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CMIP5

MSWEP APHRO CMIP6

Mean Precipitation and Annual Cycles
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The CMIP6 and CMIP5 model ensembles generally reproduce the overall
pattern of the seasonal evolution of precipitation in the HKH.
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Statistical performance for annual and seasonal extreme precipitation
climate indices

ACCESS1-0
EC-EARTH
ACCESS1.3
MIROC5
bcc-csm1-1-m
MRI-CGCM3
MRI-ESM1
bcc-csml-1
CSIRO-Mk3-6-0
MIROC4h
CanESM2
CNRM-CM5
CanCM4

CMCC-CMS
GFDL-ESM2G
GFDL-ESM2M

IPSL-CM5B-LR

CMIP5
Models

IPSL-CM5A-LR
IPSL-CM5A-MR
MPI-ESM-LR
MPI-ESM-P
MPI-ESM-MR
NorESM1-M
GFDL-CM3
CCsSM4
inmcm4
CESM1-BGC
CESM1-FASTCHEM
BNU-ESM
MIROC-ESM-CHEM
MIROC-ESM
CMCC-CM
CMCC-CESM
FGOALS_g2

0.59 @ 0.56 0.66 /1| 0.65 0.53 0.52

47

0.57 0.65(:*0.65 0.31 0.67 0.47 0.58|
0.58 0.6 0.57 0.510.42 0.6 0.5 0.39|

0.57 0.58 0.56 0.61 0.45 0.56 0.62 0.36

0.58 0.57 0.45 0.49| @ j0.56| @ 0.4
@0.56 0.5 0.53[8%:]0.52
g

0.6 0.550.530.58 0.4
0.62 0.55 0.51 0.52 mo 54@0 58|
0.48 0.54 0.65 0.56 0.5 0.52 0.48 0.47|
0.57 0.53 0.56 0.58@0.58 0.55 0.41
0.56 0.52 0.56 0.53 0.59 0.56 0.42]

0.58(0.66)0.37

=

0.48 0.52 0.59 0.58 HO.SI 0.49 0.43|
0.54 0.52 0.61 0.59 m

0.54 0.51 0.64 0.61 0.32 0.59| @ 0.37]
0.46 0.51 0.67 0.55 0.53 0.51 0.5 0.45|
0.45 0.5 0.65 0.53@0.51 0.49 0.46|
0.46 0.5 0.62 0.5 0.54 0.49 0.5 0.47|
0.45 0.5 0.54 0.44 0.52 0.41 0.57 0.47|
0.5 0.48 0.58 0.51 Mo.dl 0.39 0.57|
0.53 0.48 0.51 0.46 0.54 0.53 0.64 0.57|
@0.‘0 m 0.43 ﬁO.SQ 0.4 0.57|
0.51 0.47 0.47 0.41 0.54 0.51 0.63 0.54

0.51 0.47 0.48 0.43 0.54 0.5 0.63 0.55|

0.45 0.47 0.44 0.56 W0.47 0.62 0.39]

0.44 0.46 0.49 0.52 mo.sx 0.49 L}

0.41 0.42 0.47 0.52(BE] 0.5 0.44 [~ 1]

0.41 0.41 0.44 0.4 6)0.46 0.53 0.51

0.6 0.59 0.62 0.62 HD.SI [(XH0.74

0.66 0.56 0.53 0.49 0.47 0.59 0.62 0.69

0.62 0.62 0.57 0.61 0.51 0.54 0.66 0.62)

0.64 0.56 0.57 0.54 0.57 0.62 [/ ]

0.54 0.5 0.54 D.SGM !

0.63 0.53 0.55 0.61

0.51 0.53 0.63 0.52 0.5 0.52 LR
0.52 0.52 0.6 0.5 052054

0.46 0.51 0.56 0.46 0.53 0.4 0.61 [ /]

0.58 0.48 0.47 0.42 0.53 0.53 0.67 [ X:¥4
0.57 0.47 0.47 0.44 0.53 0.52 0.67 [ X:k}
0.55 0.54 0.54 0.61 0.32 0.46 0.66 |/ -

0.56 0.48 0.53 0.57 0448 0.56 0.52

0.54 0.45 0.49 0.55 mo.as 0.51 0.57|

0.48 0.43 0.42 0.39 0.55 0.43 0.58 [A:k}

0.39 0.44 0.42 0.54 0.35 0.44 0.33]

0.52 0.39 0.3 0.44 KL% 0.51 0.58 [ 0.57 0.4 0.36 0.5 ﬂo 42 0.6 0.62| ﬂ ED 57 l .075
0.39 0.34 0.35 0. 0.51 0.38 0.43 0.46 EO 47 0.55 0.6 0.53 0.64 0.62 0.62
o > = a = a > -
EEaZ2:358 5682255538 533§§a
Pege g T RE siRge g Os SlEgeg
£ C x & g £ x & g 2 x &

I |
00 0.1 0.2 0.3

|
0.4 05 0.6

TSS

|
0.7 0.8 09 1.0

0.44 0.59 0.64 0.61 0.36 0.64 0.39 LR 1]

0.42 0.61 0.66 0.57 0.44 0.65 0.36 (B4}

MRI-ESM2-0 |
NorESM2-LM
NorESM2-MM |
BCC-ESM1
INM-CM4-8
GFDL-CM4
MPI-ESM1-2-HR
CESM2-WACCM-FV2
MIROCE
CESM2-FV2
BCC-CSM2-MR {3
IITM-ESM
INM-CM5-0
GFDL-ESM4
FGOALS-f3-L {os
IPSL-CM6A-LR-INCA
IPSL-CM6A-LR
CESM2-WACCM
NESM3 |
CMCC-CM2-HR4
CESM2
MPI-ESM1-2-LR { os
NorCPM1 {
CMCC-CM2-SR5
CMCC-ESM2
FGOALS-g3
TaiESM1

0.61

0.54

0.52

PRCPTOT

0.68

0.62

0.61

0.61

0.59

0.59

0.59

0.59

0.58

0.57

0.57

0.53

0.53

0.51

0.48

0.58

0.57

0.67

0.64

0.64

0.64

0.61

0.42

0.61

0.55

0.51

0.55

0.61

0.55

0.62 0.39

0.42

0.6 W 0.7 mﬂi'l

0.64 0.43 0,68 0.68

0.65 0.44 0,67 0.61

0.57 0.54 0.55 0.62

0.48

0.52

0.63 @ o.saﬂosz

0.58 @ 0.55

0.54 0.4 0.69

osn [55] o0

0.6 0.38 0.67

ous [E 0e

0.52 0.54 0.42

0.47
0.37
0.37
0.64
0.47
058 0.3 056 0.56
0.59

0.57

0.58 0.37
0.5 052
052 0.6
0.54

0.45 0.52 0.41 0.59

0.33 0.54 0.41 0.52

0.31

0.38 ﬂ 0.34 0.48

a9

0.53 0.41 0.52

RX5DAY-
R20MM
&

——
00 01 02 03 04 05 0.6

0.55

0.52

0.54

0.52

0.54

0.54

0.54

0.64 u 0.67

0.44

0.47

0.47

0.49

0.63

CDD

081 0.86'

0.83 0.86

0.61

0.54

0.57

0.48

0.4 0.36

5 &
(=]
£ 2
&
o

osa '0.88

OBA 0.86

0.77) o.84 LXTY0.78

sl 0.39 0.67

0.65 0.64 0.54 0.61

0.58 0.55 0.49 0.63 0.5

Y 02 o7 P28

0.64 0.43 0.66 0.69

0.46

0.62

0.67 0.44 0.64 0.64

0.64 0.57 0.59 0.53 0.68

0.63 @ o062 o
0.57 @ 0.53 0.69

0.54 0.34

0.61
0.65
0.37

o7 BT oo oss

0.52 0.59 0.35 0.65 0.47

0.54

0.61 0.64 0.43 0.69 0.67

0.39

0.61 0.61 m 0.57
0.61 0.62 m 0.57

0.45 0.51 0.53

0.42 0.48 0.42

0.51 0,62 0.54 0.38 mm 0.17
[E11 08 0.83 (0.8 msauo.ss 0.59

0.44 0,61 0,66 0.6 06 0.57 0.42 0.35

051 mm 07 057
05 mﬂ 069 056

0.53 0.64 0.69 0.63 0.56

(X7 0.14 j0.079

0.69 0.42 L2l

0.63 0.46 | =1

0.38 0.53 0.58 0.58 0.53 0.62 0.39 [RU}

0.63 m IX.057{0i2n
067 o5 mm :

LA} 0.51 LELY 0.7

0.51 @ 0.57. 0.4
0.46 @ 049 04 035

0.45 0.57 0.47 0.45 0.38

0.37 0.65

0.45 0.69

[N 0.77

034 05

0.55

031 0.44

=

0.54

0.52

0.59 0.58 0.62 0.64 0.49 0.68 ﬂ D.‘7 0.51 0.51
0.59 0.64 0.6 0.56 0.36 0.62 0.68 0.61 0.61 0.58 H 0.3
0.54 0.51 0.51 0.56 0.49 0.54 0.57 0.56 0.58 0.59 0.52 & =}
0.54 0.53 0.61 0.64 0.37 0.61 0.65 0.6 0.“ 0.49 0.47
0.5 0.59 0.44 0.56 0.4 0.67 ﬂ 0.65 0.59 0.61 m 0.29
0.56 0.46 0.54 0.4 0.64 n 0.45 0.59 0.45 0.53 0.58 0.31 LAL)
0.38 0.34 0.58 0.41 0.61 0.34 0.52 0.58 0.49 0.46 0.59 0.32
0.39 0.33 0.57 0.41 0.6 0.37 0.52 0.58 0.53 0.47 0.61 0.33
0.38 0.39 m 0.32 0.53 0.5 0.65 0.69 0.64 0.51 0.68 0.47
0.61 0.32 0.57 ﬂ 0.49 0.63 0.49 0.42 0.67 | ~1°
oA = 0 0 kE= o > > = 0 0
T x£558 caxxzd¢g8
a o a 8 BE o 6 o a o
= n 9 O a @ A n 9 o
x x ¢ @] x x g
z 4 2

TSS

|
0.7 0.8 09 1.0

CMIP6
Models




Improvement (%) in CMIP6 over CMIP5 Vs APHRODITE
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Statistics of CMIP5 and CMIP6 for Climate Indices
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Box plots for best multi-model mean changing rates in future times over

Historical period

(1980-2005)
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Quasi-resonant Amplification — Linkages with EPEs ?

Extreme events are linked with the slow-moving
amplified Rossby waves, known as quasi-resonant
amplification (QRA)

- Kornhuber et al. (2019), Mann et al. (2018) and Coumou
et al. (2014)

Quasi i Extreme
L~ snowfall events

Resonant g
Amplification **/ \ \\‘\

Rk

https://www.severe-weather.eu/cryosphere/extreme-snowfall-future-winters-alps-glaciers-
challenging-global-warming-rrc/

Extreme Weather and the Jet Stream

Under an extreme jet stream pattern, known as quasi-resonant amplification, the wet
and stormy areas (blue) and hot and dry zones (red) intensify, expand and get stuck
over one area for longer.

NORMAL JET STREAM EXTREME QUASI-RESONANT

PATTERN AMPLIFICATION PATTERN

Wind speed along the lines of longitude (meters per second)
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https://www.digitaljournal.com/tech-science/the-impact-of-burning-fossil-fuels-on-today-
s-extreme-weather/article/535974
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Who can apply?
= Students with a PhD degree (or have submitted their PhD thesis)

= An applicant should have a PhD degree in Atmospheric Sciences/ Earth and Environmental Sciences/ Physics/ Geophysics/
Meteorology/ Hydrology/ Climate Sciences/ Mathematics/ Remote Sensing/ Computer Sciences/ Artificial Intelligence/ Data

Sciences.
How to apply?

= Interested candidates may contact Dr.Raju Attada and e-mail their resume (with one-page summary of research pursued) and a brief

write-up on research proposal (<1,000 words) to rajuattada@iisermohali.ac.in.

= We strongly encourage the interested candidates to apply for fellowships from IISER Mohali
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