[bookmark: _GoBack][image: ]
Figure S1  - Three-level nested WRF domain used in this study. Outer domain (d01) has a horizontal resolution of 25 km with 165 grids in the south-north direction and 184 grids in the west-east direction. The intermediate domain (d02) has a horizontal resolution of 10 km, with 153 grids in the south-north direction and 174 grids in the west-east direction. The inner domain (d03) has a horizontal resolution of 3 km, with 75 grids in the south-north direction and 72 grids in the west-east direction. This figure is produced using the NCL (version 6.2.2; URL: https://www.ncl.ucar.edu/Download/) script (plotgrids_new.ncl) available in WPS utility directory. NCL stands for NCAR Command Language which is designed specifically for data analysis and visualization. 
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Figure S2: Total JJAS precipitation (for domain d03) during 2003 for (a) IMD, (b) TRMM, (c) APPHRO, (d) Aphrodite, (d) CHIRPS, (e) GPCP, (f) PERSIANN-CDR, (g) CRU and (h) CPC.
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Figure S3: Total DJF precipitation (for domain d03) during 2003 for (a) IMD, (b) TRMM, (c) APPHRO, (d) Aphrodite, (d) CHIRPS, (e) GPCP, (f) PERSIANN-CDR, (g) CRU and (h) CPC
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Figure S4 - (a) DJF mean observed precipitation from APHRODITE. WRF simulated DJF mean precipitation over d03 during 2003: (b) WSM6_KF, (c) MP3_KF, (d) MP8_KF, (e) WSM6_BMJ, (f) MP3_BMJ, and (g) MP8_BMJ. The red color numbers at the right top corner is the areal-temporal average precipitation in mm/day.
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Figure S5 - (a) JJAS mean observed precipitation from APHRODITE. WRF simulated JJAS mean precipitation over d03 during 2003: (b) WSM6_KF, (c) MP3_KF, (d) MP8_KF, (e) WSM6_BMJ, (f) MP3_BMJ, and (g) MP8_BMJ. The red color numbers at the right top corner is the areal-temporal average precipitation in mm/day.
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Figure S6 – The annual-averaged vertical cross section of QVAPOR mixing ratio for d02 at d03 boundaries. Gray shaded area shows mountains. (a-d) shows actual average mixing ratio for WSM6_BMJ at east (a), west (b), north (c), and south (d) boundaries.  Further, mixing ratio is shown for MP8_BMJ – WSM6_BMJ (e-h), MP8_KF – WSM6_BMJ (i-l), and WSM6_KF – WSM6_BMJ (m-p) for verical cross section of east (e, i, and m), west (f, j, and n), north (g, k, and o), and south (h, l, and p) boundaries.
[image: rh-ann_wsm6bmj]
Figure S7 – The annual-averaged vertical cross section of relative humidity for d02 at d03 boundaries. Gray shaded area shows mountains. (a-d) shows actual average mixing ratio for WSM6_BMJ at east (a), west (b), north (c), and south (d) boundaries.  Further, mixing ratio is shown for MP8_BMJ – WSM6_BMJ (e-h), MP8_KF – WSM6_BMJ (i-l), and WSM6_KF – WSM6_BMJ (m-p) for verical cross section of east (e, i, and m), west (f, j, and n), north (g, k, and o), and south (h, l, and p) boundaries.
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Figure S8: Area-averaged mixing ratio (dbz, QVAPOR, QRAIN, QICE, QGRAUP, and QCLOUD) over d02 for overlapping area with d03. Mixing ratios are shown as they varying over model levels with time for MP8_KF, MP8_BMJ, WSM6_KF, and WSM6_BMJ.
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Figure S9: The distribution of CAPE for all grids and each time steps over d02, areal subsetted with d03, at various vertical levels for experiments MP8_BMJ, MP8_KF, WSM6_BMJ, and WSM6_KF.
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Figure S10 – The convective rain (RAINC) for 2003 over d02 for experiment MP8_KF (a). (b), (c), and (d) shows the same for MP8_BMJ – MP8_KF, WSM6_BMJ – MP8_KF, and WSM6_KF – MP8_KF.
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Figure 11 – The convective rain (RAINC) for 2003 over d02 for experiment WSM6_BMJ (a). (b), (c), and (d) shows the same for MP8_BMJ – WSM6_BMJ, MP8_KF - WSM6_BMJ, and WSM6_KF – WSM6_BMJ.

image7.png
(b) WSM6_BM] - LBC (West)
10000 =

(c) WSM6_BM) - LBC (North) (d) WSM6_BM)] - LBC (South)
E 25000 S T

8000

6000

4000

2000

(e) [MP8_BM)-WSM6_BM)] - LBC (East) (h) [MP8_BMJ-WSM6_BM)] - LBC (South)

0000

8000 1 e 50,000 - 40,000 <77

6000

4000

2000

10000

(j) [MP8_KF-WSM6_BM]] - LBC (West) (k) [MP8_KF-WSM6_BM]] - LBC (North)

~~ 25000 —-

8000

6000

4000 N - S

2000

0000

(m) [WSM6_KF-WSM6_BM|] - LBC (East)

(0) [WSM6_KF-WSM6_BM]] - LBC (North)

p— Ty P —

e o- 25,000 =77

8000

6000 === S00g -

4000 - v

2000

10 20 30 35 40 45 50 55 65 75 20 -15 ~10 5 0 5 10 15




image8.png
i

& L gl

ML Mi |

5
0

16

0.12

0.08

0.04

L L LI OOD

25 ‘ ‘ 100
20 AN R ! . | | 80
15 60
= 10 40
5 20
0

JFMAM ] JASOND JFMAM] JASOND J FMAM | JASOND J FMAM) J ASOND





image9.png
CAPE

CAPE

CAPE

CAPE

(a) CAPE at 200 hPa

60 -
" ¢
2 %07 ¢
O : i
20 4 ¢
o ; —
(c) CAPE at 300 hPa
300
200 A
’ ——
100 —
0 i A
| | | |
(e) CAPE at 400 hPa
300 ¢ ¢
200
$ ¢ ¢
100 —
| | | |
(g) CAPE at 500 hPa
¢
200 ¢
100 — ¢
; -
0 e ——
| | | |
(i) CAPE at 600 hPa
600 |
0
400
O —

MP8_BMJ MP8 KF WSM6 BMJ WSM6 KF

Experiment

(b) CAPE at 250 hPa

150

100

50

0 <@

-

(d) CAPE at 350 hPa

300

200

100

=3

" -

300

200

100

| |
() CAPE at 450 hPa
’

L ™

400

300

200

100

| |
(h) CAPE at 550 hPa
’

éi;;

0 CAPE at 650 hPa

750

500

250

;éiL

MP8_BMJ MP8 KF WSM6 BMJ WSM6 KF

Experiment





image10.png
(a) MP8_KF

(b) MP8_BMJ -

MP8_KF

i

T
70.0 72.5 75.0 7.5 80.0 82.5

L ———

300 600 900 1200 1500 1800 2100 -1500 —-1000 -500 0
colorbar for (b-d)

colorbar for (a)

500 1000 1500




image11.png
(a) WSM6_BMJ (b) MP8_BMJ - WSM6_BMJ
36 =
34
32
30

28

36

34

32

30

28

70.0 72.5 75.0 77.5 . . . . 75.0 77.5  80.0 82.5

N

200 400 600 800 1000 1200 -1500 —-1000 -500 0 500 1000 1500
colorbar for (a) colorbar for (b-d)




image1.jpeg
WPS Domain Configuration

40°N

30°N

20°N

10°N





image2.png
Beas :- Total JJAS Precipitation in 2003

(a) IMD (b) APHRODITE (c) TRMM (d) PERSIANN
32.9°N 2200
32.5°N 2000
32°N 1800
f=
1600-%
31.5°N o
H I | + 1400 %
31°N o
1200 2
(e) CPC (f) CHIRPS (9) CRU (h) GPCP 2
32.9°N 1000 8
2
32.5°N - 800 §
o
<
32°N 600 <
r 400
31.5°N
+ 200
31°N =0

76.5°E77°E77.5°E78°E 76.5°E77°E77.5°E78°E 76.5°E77°E77.5°E78°E 76.5°E77°E77.5°E78°E




image3.png
Beas :- Total DJF Precipitation in 2003

(a) IMD (b) APHRODITE (c) TRMM (d) PERSIANN
32.9°N 400
32.5°N
350
32°N
300 ¢
K]
31.5°N %
i |
=3
31°N 5]
©
(e) cPC (f)  CHIRPS (9) CRU (h) GPCP 200 §
32.9°N ®
s
32.5°N 150§
o
w
32°N 100 @
31.5°N r 50
31°N

76.5°E77°E77.5°E78°E 76.5°E77°E77.5°E78°E 76.5°E77°E77.5°E78°E 76.5°E77°E77.5°E78°E




image4.png
32.9°N

32.5°N

31.5°N

31°N

(a) APHRODITE

~1.75

Beas :- Total DJF Precipitation in 2003
(b) WSM6_KF

32.9°N

32.5°N

32°N

31.5°N

31°N

32.9°N

32.5°N

32°N

31.5°N

31°N

~6.43 (c) MP3_KF

~5.14 (d) MP8_KF

~4.63

(e) WSM6_BM) ~6.23

(f)MP3_BMJ

3

(g) MP8_BM]

0~4.78

76.5°E 77°E 77.5°E 78°E

76.5°E 77°E 77.5°E 78°E

76.5°E

77°E 77.5°E 78°E

16

14

12

10

Precipitation in mm/day




image5.png
32.9°N

32.5°N

31.5°N

31°N

Beas :- Total JJAS Precipitation in 2003

(a) APHRODITE ~6.98 (b) WSM6_KF ~2.98 (c) MP3_KF ~2.52 (d) MP8_KF ~2.99
32.9°N :
% 3 v
. ) '
32.5°N - ' - DX
| g & ’ 4
32°N ' ‘
\ 2 AN A\
> > 2
sisen| - AT e A
L N 9g -
- \ \ \
(e) WSM6_BM]  ~5.62 (f)MP3_BM) ~3.06 (g) MP8_BM] ~8.03
32.9°N
-,
32.5°N
3
32°N P
31.5°N
7 T
.
.. , -

76.5°E 77°E 77.5°E 78°E

76.5°E 77°E 77.5°E 78°E

76.5°E 77°E 77.5°E 78°E

>21

18

15

12

Precipitation in mm/day




image6.png
000 (b) WSM6_BM] - LBC (West) (c) WSM6_BM|] - LBC (North) (d) WSM6_BM)] - LBC (South)

6000

4000

2000

8000

(e) [MP8_BMJ-WSM6_BM)] - LBC (East)
= = 0800 -

6000
4000 {-

2000

8000 U}

6000

4000

2000

(m) [WSM6_KF-WSM6_BMJ] - LBC (East) (n) [WSM6_KF-WSM6_BMJ] - LBC (West) (o) [WSM6 KF-WSM6 BM)) -

e 0.800 e

8000 LBC (North

6000

4000

2000





