Supplementary Information

ESM_1. Non-significant trends of ETCCDI indices over the Northwest Himalaya for IMD and HAR v2 for the period 1981-2020, Spatial VIMT plots for ERA 5.
[bookmark: _GoBack]This supplementary material presents the statistically non-significant trends if ETCCDI indices over the NWH sub-regions (JK, HP, UK) for both IMD and HAR v2 datasets. It also contains the spatial plots of ERA5 derived VIMT for the study period, and also the ENSO phases. These figures compliment the main manuscript and maintain completeness of the study.  

Supplementary Figures
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Fig. S1 Temporal variability and trends of CWD (top) and CDD (bottom) over UK from HARv2 (left) and IMD (right) during 1981–2020. Grey lines show annual variability and the overall linear trend; blue and red lines show bifurcated trends for 1981–2000 and 2001–2020, respectively. Black dashed lines represent pentadal mean trends, and the vertical dashed line marks the sub-period division.

[image: F:\etccdi\new_plot_bifurcated\dual nonsignificant\dual_plots2.png]
Fig. S2 Temporal variability and trends of SDII (top) and PRCPTOT (bottom) over UK from HARv2 (left) and IMD (right) during 1981–2020. Grey lines show annual variability and the overall linear trend; blue and red lines show bifurcated trends for 1981–2000 and 2001–2020, respectively. Black dashed lines represent pentadal mean trends, and the vertical dashed line marks the sub-period division.
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Fig. S3 Temporal variability and trends of Rx1day (top) and Rx5day (bottom) over UK from HARv2 (left) and IMD (right) during 1981–2020. Grey lines show annual variability and the overall linear trend; blue and red lines show bifurcated trends for 1981–2000 and 2001–2020, respectively. Black dashed lines represent pentadal mean trends, and the vertical dashed line marks the sub-period division. 
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Fig. S4 Temporal variability and trends of Rx1day (top) and Rx5day (bottom) over HP from HARv2 (left) and IMD (right) during 1981–2020. Grey lines show annual variability and the overall linear trend; blue and red lines show bifurcated trends for 1981–2000 and 2001–2020, respectively. Black dashed lines represent pentadal mean trends, and the vertical dashed line marks the sub-period division.  
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Fig. S5 Temporal variability and trends of R95p (top) and R99p (bottom) over HP from HARv2 (left) and IMD (right) during 1981–2020. Grey lines show annual variability and the overall linear trend; blue and red lines show bifurcated trends for 1981–2000 and 2001–2020, respectively. Black dashed lines represent pentadal mean trends, and the vertical dashed line marks the sub-period division.  
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Fig. S6 Temporal variability and trends of R95p (top) and R99p (bottom) over UK from HARv2 (left) and IMD (right) during 1981–2020. Grey lines show annual variability and the overall linear trend; blue and red lines show bifurcated trends for 1981–2000 and 2001–2020, respectively. Black dashed lines represent pentadal mean trends, and the vertical dashed line marks the sub-period division.  
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Fig. S7 Temporal variability and trends of R10mm (top) and R20mm (bottom) over HP from HARv2 (left) and IMD (right) during 1981–2020. Grey lines show annual variability and the overall linear trend; blue and red lines show bifurcated trends for 1981–2000 and 2001–2020, respectively. Black dashed lines represent pentadal mean trends, and the vertical dashed line marks the sub-period division.   
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Fig. S8 Temporal variability and trends of R10mm (top) and R20mm (bottom) over HP from HARv2 (left) and IMD (right) during 1981–2020. Grey lines show annual variability and the overall linear trend; blue and red lines show bifurcated trends for 1981–2000 and 2001–2020, respectively. Black dashed lines represent pentadal mean trends, and the vertical dashed line marks the sub-period division.   
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Fig. S9 Mean JJAS Vertically integrated moisture transport (VIMT: kg/ms 300-1000 hPa for 1981-2000.
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Fig. S10 Mean JJAS Vertically integrated moisture transport (VIMT: kg/ms 300-1000 hPa for 2001-2020
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Fig. S11 Mean JJAS Vertically integrated moisture transport (VIMT: kg/ms 300-1000 hPa) for El-Nino years
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Fig. S12 Mean JJAS Vertically integrated moisture transport (VIMT: kg/ms 300-1000 hPa) for La-Nina years
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Fig. S13 Spatial distribution of long-term trends in CDD ( days decade⁻¹) over the Northwest Himalayas during 1981–2020, estimated using Sen’s slope for (a) IMD observations and (b) HARv2 data. Positive trends (red shades) indicate increasing dry spell duration, while negative trends (blue shades) indicate decreasing dry spell duration. 
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Fig. S14 Spatial distribution of long-term trends in PRCPTOT (days decade⁻¹) over the Northwest Himalayas during 1981–2020, estimated using Sen’s slope for (a) IMD observations and (b) HARv2 data. Positive trends (red shades) indicate increasing annual precipitation totals, while negative trends (blue shades) indicate decreasing totals.



image7.png
R10mm (no. of days)

R20mm (no. of days)

HP (HARvV2) HP (IMD)
70— At variabity ol Ep——
— vy st 2020 — vy st 2020
— Trena 1961 70 — Tend ase1-
60| — Trna 2000-20200 i 2020
. Pentada tr [3 — Pentadaltrend
£ 60
50 5
gso
40 £
—/\ AA% £ 40
s S
7 7| f .
30 30
20 20
‘annual variabiity 25 ‘Annual variabity
254 — OveraH lrenﬂ (1581 2020) — OveraH lrenﬂ (1581 2020)
—_ 00) —_ d (19¢ 00)
 Tena zoon-2020) 5 | = Tena o020
204 == Pentadai trena $.20 . pentadairens
3
s
15 s 15
£
£
10 g 10
g7 U Vv
5 5
980 1985 1990 1995 2000 2005 2010 2015 2020 980 1985 1990 1995 2000 2005 2010 2015 2020
Year Year





image8.png
R10mm (no. of days)

w
&

R20mm (no. of days)

@
&

3

w
&

w
3

N
&

8

w
]

N
b

N
S

-
&

-
o

«

°

UK (HARv2) UK (IMD)
— Annual variability o Eprp——
— Ovent reed 1901-2020) — Ovent reed 1901-2020)
— Tena - 70 — Trend (10
" Tena 20020200 % " Tena 20020200
. Pmadat e F . Pentadal trend
Se0
s
5 50
£ A [ A
== E 40 v <
S W U
]
&30
20
— Annual variability Annual variability
OveraH e 18120200 — Overatren (1581-2020)
— Tren 00) 25 — Trend (1981-2000)
T e oot 0m0) n  Tena zoon-2020)
-~ Pentadal trend 5o |- pentadalvena
S22
s
g 15
£
E
£ 10
S
]
%5

980 1985 1990

1995

2000
Year

2005

2010

2015

2020

980 1985 1990

1995

2005 2010 2015

2000
Year

2020





image9.png
oE

e

N
THE 10 JVE g o'E SETHE oo aE
pricy i o

SE THE . BHE

TWE 0odVE

30N 3N

2N

20

e

fre]

N

4

E B 84

64

500

400

300

200

100

JJAS mean VIMT magnitude (kg m~! s~1)




image10.png
N
94°E THE o SE 04E

THE 20 4E

N
e € € TE 0 44

«

N
GE TE B4

an
&

4E TE BUE

o
SE THE, gaE  o4E

HE L BYE 94E

s00

a0

300

100

JJAS mean VIMT magnitude (kg m~! 571}




image11.png
32°N -

28°N -

*

36°N -

32°N -

36°N -

32°N -

32°N-

36°N -

32°N-

36°N -

32°N-

32°N -

36°N -

32°N -

36°N -

32°N -

200

40

30

20

10

JJAS Mean VIMT Magnitude (kg




image12.png
36°N

32°N-

32°N-

32°N-

32°N-

32°N-

32°N-

28°N-

i

36°N

32°N-

36°N

32°N-

28°N-

w*

200

A
]
S

JJAS Mean VIMT Magnitude (kg m~! s71)

100
75
50

40

30

20

10




image13.png
{b) HARv2 — CDD

(a) IMD — CDD

37°N- 37°N- e
N
38°N- 34°N-
31°N- 31°N -
28°N~ . . . 28°N - ' ' '
¢ P #* & * s ¢ e

Sen's Slope (days decade~?)




image14.png
(b) HARv2 — PRCPTOT

37°N- 37°N -
X
150
100
P
34°N - 34°N - 'g
50 g
T
£
o £
]
o
g
-50 w0
31°N- 31°N - 2
a
-100 "
-150
28°N- ' ' ' 28°N~ ' ' '
£ ¢ ¢ & * 5 i &*




image1.png
-
I
S

-
S
S

®
8

@

CWD (no. of days)
3

'S
8

UK (HARvV2) UK (IMD)

— Annual variability ‘Annual variability
 Overalren 1901.2020) 100 Queralrend (1961-2020
1981

— Trend (19¢

= ena oon-s0n0
- Pentada\trend T

z 80

b

5

g 60

g A A

o \[ Y \/\/

20

-
® 9
3 S

@

€DD (no. of days)
2

2
8

— Annual variability

— overstena (3012020
Trend (19

T Tena 200120200
Pentadal trend

— Annual variability

|
§
-
8

CDD (no. of days)

A )
J VIV \| o

20
980 1985 1990 1995 2000 2005 2010 2015 2020 980 1985 1990 1995 2000 2005 2010 2015 2020
Year Year




image2.png
trends over UK (IMD)

trends over UK (HARv2)

" Annusl variabilty

— v isn-2020
1981

"
5

13 — Annual variability

— Overstuena (9012020
— Trend (198 — T
T ena 2001.2020) T ena (200120200

Pentadal trend T2 Peneacar et

=
9

s11 12
> >
g g
210 T
£ Em
a g s
@ @

o N @ ©
L

— Annual variabiity ‘Annual variabiity
— overalvena (131-2020) — overalvena (131-2020)
1800 — Trend (1981-200 1800 rend (1981-200(
T e boot a020) " ena zoon-2020)
~ 1600 -~ Pentadal trend

~ Pentadal trend
EIGDO E
: 1400
o o
1400 “ /\
2 £ 1200 A \/ vam
S S
& &
& 1200 2 3000 \/
1000 800
2010 2015 2020 980 1985 1990 1995 000 2005 2010 2015 2020
Vear

980 1985 1990 1995 2000 2005
Year




image3.png
Rx1day (mm)
5 2 » ©
8 3 8 8

N
S

Rx5day (mm)
N
S
S

-
&
S

UK (IMD)

UK (HARv2)
"~ Annus! variabilty ST — annuat variaviity
— overa e 05812020 — vrlend 13812020
— Tena 312 1787 — wens o
T end roo1-2020) — Tend a0 20
Pentada\trend 150 Pentad:
E
g125
7 100
3
%
ER
50 e
25
— Annual variabiity 350 T et variabity
— ovraend 19312020 — Overalltrend (1981-2020)
a (1981-20 300 — Trend (1981-2000)
" ena zo0n-2020) — Trend (2001-2020)
Pentada trend Pentada trend
£ 250
E
7 200
3
b4
& 150
100
50
980 1985 1990 1995 2000 2005 2010 2015 2020 980 1985 1990 1995 2000 2005 2010 2015 2020
Year Year





image4.png
Rx1day (mm)

HP (HARV2) HP (IMD)
— Annuat variabiity — Annual variabilty
— vrlend 13812020 120 — Gvestnd 19812020
— Trend (1981-2 — Tena 108
" Tena 200020200 pend (20012020)
Pentadal trend 100 Pemada wand
E
£
s 80
g
3
%
2 60
T a0
— Annual variabiity 400 — Annual variabily
— overaltrend (181-2020) — overaltrend (181-2020)
d (1981-2 350 a0
" ena zo0n-2020) " ena zo0n-2020)
Pentadal trend 300 = Femaderens
E
E
= 250
>
3
@ 200
2
&
150
100
980 1985 1990 1995 2000 2005 2010 2015 2020 980 1985 1990 1995 2000 2005 2010 2015 2020
Year Year




image5.png
R95p (mm)

R99p (mm)

HP (HARV2) HP (IMD)
"~ Annus! variabilty "~ Annus! variabilty
— overa e 05812020 — overa e 05812020
— T uomi2 — Trend (1t
frend L200L7OZDY 800 __ Trend L 70 DY
Pemada wand Pemadal rend
E 600
E
o
H
& 400
- 200
"~ Annual variabilty "~ Annual variabilty
— owiens iow-z020 — Overall trend (1981-2020)
— Trena (19812 400 — Trend (1381-2000)
" ena zo0n-2020) — Trend (2001-2020)
Pentada trend —— Pentadal trend
£ 300
E
& 200
H
2
100
°
980 1985 1990 1995 2000 2005 2010 2015 2020 980 1985 1990 1995 2000 2005 2010 2015 2020
Year Year




image6.png
UK (IMD)

UK (HARvV2)
"~ Annus! variabilty "~ Annus! variabilty
— overa e 05812020 8001 — Overalve 19512020
— T — Tena s
 end (200120200 — Tena o 22020
22 Pentadal wend Pemada wand
_ 600
E
E
o
_ 2 400
A H
- 2
200
o
‘Amnual variabity 350 — Annuat variabiity
— ovraend 19312020

— Queraliren 1961-2020
— Trend (19¢

— Trend (1981 300
" ena zo0n-2020) T ond (2001-3020)
-~ Pentadal trend Pentadal trend
200
150
100

Aﬂ
vV UVIW S s

980 1985 1990 1995 2000 2005 2010 2015 2020
Year

R99p (mm)

980 1985 1990 1995 2000 2005 2010 2015 2020
Year





