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Table S1. Comparative analysis of APHRODITE and ERA5 monthly dataset. Pearson correlation coefficients and
Kolmogorov Smirnov Test results (KS Test). (The shaded p-Values are >0.05, depicting the null hypothesis of
similar distribution, is not rejected) [1].

o Va5 T
Gaufging Tir.ne ot
Stations Period Eion APHI;ODIT ERA5 GMFD APHRODITE ERA5 GMFD
(m)

Astore 1979-2005 2546 0.90 0.65 0.08 0.0001 0.000 0.001
Balakot 1979-2005 1088 0.91 0.77 0.17 0.018 0.069 0.000
GarhiDopatta ~ 1979-2005 819 0.90 0.71 0.25 0.0001 0.336 0.000
Jhelum 1979-2005 234 0.99 0.79 0.31 0.99 0.000 0.238
Kotli 1979-2005 608 0.91 0.83 0.26 0.29 0.568 0.079
Mang]la 1996-2005 605 0.96 0.77 0.40 0.74 0.519 0.060
Muzaffarabad ~ 1979-2005 737 0.92 0.71 0.28 0.92 0.248 0.000
Rawalakot 2003-2005 1638 0.95 0.75 0.10 0.11 0.199 0.024
Saifulmaluk 1996-2005 3224 0.37 0.52 0.13 0.0006 0.00 0.069
Sargodha 1979-2005 190 0.78 0.75 0.26 0.0002 0.000 0.002
Sialkot 1979-2005 256 0.91 0.79 0.35 0.29 0.014 0.201

Table S2. Descriptions of the general circulation models (GCMs) used in the study.

Model Organisation

CSIRO (Commonwealth Scientific and Industrial Research Organisation,
Australia) and BOM (Bureau of Meteorology, Australia)

BCC-CSM1-1 Beijing Climate Center, China Meteorological Administration

College of Global Change and Earth System Science, Beijing Normal

ACCESS1-0

BNU-ESM N
University
CanESM2 Canadian Centre for Climate Modelling and Analysis
CCS5M4 National Center for Atmospheric Research
CESM1-BGC National Science Foundation, Department of Energy, National Center for

Atmospheric Research



CNRM-CM5

CSIRO-MK3-6-0

GFDL-CM3
GFDL-ESM2G
GFDL-ESM2M

INMCM4
IPSL-CMb5A-LR
IPSL-CM5A-MR

MIROC-ESM

MIROC-ESM-
CHEM

MIROC5

MPI-ESM-LR
MPI-ESM-MR
MRI-CGCM3
NorESM1-M

Centre National de Recherches Météorologiques/Centre Européen de
Recherche et Formation Avancées en Calcul Scientifique
Commonwealth Scientific and Industrial Research Organisation in
collaboration with the Queensland Climate Change Centre of Excellence
NOAA's Geophysical Fluid Dynamics Laboratory
NOAA's Geophysical Fluid Dynamics Laboratory
NOAA's Geophysical Fluid Dynamics Laboratory
Institute for Numerical Mathematics, Moscow, Russia
Institut Pierre-Simon Laplace
Institut Pierre-Simon Laplace
Japan Agency for Marine-Earth Science and Technology, Atmosphere and
Ocean Research Institute (The University of Tokyo), and National Institute for
Environmental Studies
Japan Agency for Marine-Earth Science and Technology, Atmosphere and
Ocean Research Institute (The University of Tokyo), and National Institute for
Environmental Studies
Japan Agency for Marine-Earth Science and Technology, Atmosphere and
Ocean Research Institute (The University of Tokyo), and National Institute for
Environmental Studies
Max Planck Institute for Meteorology (MPI-M)
Max Planck Institute for Meteorology (MPI-M)
Meteorological Research Institute
Norwegian Climate Centre




Table S3. Selected GCMs using RCP 4.5 and climate Zones for seasons warm wet cold dry cold wet and warm dry

Zones Warm Wet Cold Dry Cold Wet Warm Dry
bec-csm1, ACCESS,
GFDL-ESM2M, MPI- ’ ’
C oumsvomiewg,  CFOMIEMMR o rocrsy,  MIROCEMCHEY
MIROC-ESM, MRI-CGCM3 caoMs CESM, gé\ICRMNBS MRI- GFDL.ESM2G, MRL
CGCM3, NorESM1
BNU-ESM, ACCESS, MPI-ESM-  MRI-CGCM3, CCSM4,  ACCESS, BNU-ESM, ACCESS, CSIRO,
2 MR, MPI-ESM-LR, MIROC- MIROC-ESM-CHEM, ~ CCSM4, CESM, CNRM5,  MIROC5, MIROC-ESM-
ESM MIROC5, CSIRO CSIRO, NorESM1 CHEM, CCSM4, CESM
ACCESS, MIROC-ESM-
MRI-CGCM3, bee-csml, ACCESS, CESM, BNU- CHEM, MIROC-ESM, MIROC-ESM-CEEM,
3 MIROC-ESM, MIROC-ESM- M. COSMA. [PSL. CanESM-2, CCSM4, o PV R
CHEM, CSIRO, MPI-ESM-MR, /CM5 \ L'R CESM, CNRM5, MPI- or GFD'L . ’
MPL-ESM-LR i ESM-MR, CSIRO, GFDL- )
ESM2M
ACCESS, CCSM4, MIROC- MPI-ESM-MR, GFDL-  GFDL-ESM2M, CSIRO, AE/ICHESSC;\S%A-ESI{JI\S'
4 ESM, MRI-CGCM3, BNU-ESM, ESM2G, MIROC-ESM-  MIROC-ESM, CESM, ol C,ESM CNRM;C
MIROC5 CHEM, MRI-CGCM3  CNRM5, MRI-CGCM3 ’ csnzb ’
MIROC5, MPLESM-LR, é“mggi’_ f%%‘i CESM, MPLESM-MR,  ACCESS, GFDL-ESM2G,
5  MIROC-ESM, BNU-ESM, MRI- EQMZM ésmo GFDL-ESM2M, MIROC- CCSM4, BNU-ESM,
CGCM3 MIROC5, MRL.CGCM3 ESM, bee-csm1 CanESM-2
ACCESS, GFDL-
6 NorESM1, ACCESS, MIROC-  ESM2G, MIROC-ESM, Afiiifnfd&%szlsy (I:\AI\III;BC/)IZ E/ISII\IZ%CH];?\I}A
ESM-CHEM, CSIRO, CCSM4 MPIL-ESM-MR, BNU- o MIROCS, CanSM.2
ESM
MRI-CGCM3, GFDL-ESM2M, Mngﬁ{gsggﬁm CanESM-2, CSIRO, bec- MIROCS5, CNRM5,
7 MIROC-ESM-CHEM,MIROC5, =0 ’BNU E’SM csm1, CCSM4, CNRMS5, MIROC-ESM, MRI-
BNU-ESM OrEoV ' MRI-CGCM3, CESM CGCM3
CCSM4
BNU-ESM, MIROC-ESM- CESM, CNRM5, CSIRO, NorESM1,
8 CHEM, CSIRO, CCSM4, MIROC-ESM-CHEM, CEESSI\B//[IZIS[NSE/S’ chsﬁ MIROC-ESM-CHEM,
CanESM-2 MRI-CGCM3 ’ MRI-CGCM3
bec-csm1, CNRMS5, MIROC- NorESM1, MIROC- bec-csm1, BNU-ESM, Miiig%%ﬁ%gjs
9 ESM-CHEM, CSIRO, inmemd,  ESM-CHEM, inmemd,  CNRMS5, CCSM4, CESM, o C,CSM . CEsfv[
MPI-ESM-LR bee-csm1, BNU-ESM CSIRO ’ ’ ’
CSIRO
MIROCS5, NorESM1,
10 MIROGS, Bég{gl\%ESM MRI- MIROC-ESM-CHEM,
MRI-CGCM3

11

CSIRO, CNRM5, MIROC-ESM,
BNU-ESM, CCSM4, CanESM-2

12

bec-csm1, inmem4, MIROC-
ESM, BNU-ESM, MRI-CGCM3




Table S4: Selected GCMs using RCP 8.5 scenarios for seasons Warm Wet, Cold Dry, Cold Wet and Warm Dry

Zones Warm Wet Cold Dry Cold Wet Warm Dry
1 bec-csm1, MPI-ESM-MR, GFDL—I}\E/I'SIII\{/I(ES];?\II\;[J—ESM CanESM-2, CCSM4, xllggscl\?fli g];SDI\f
ACCESS, MIROC5 MRLCGCM3, bec-cem ACCESS, MRI-CGCM3 M3
) IPSL-CM5A-MR, MPI-ESM- ACCESS, BNU-ESM, IPSL-  CNRM5, GFDL-ESM2G, Eg&iﬁci&?&w
MR, CanESM-2, MIROC5 CM5A-LR, CanESM-2 ACCESS, MRI-CGCM3 LR, MRLCGCMS3
3 MRLCGCM3 MIROC-ESM-CHEM, NorESM1, bec-csm1, xggg\i 1\:{; ggSDI\f
inmcmd4, ACCESS, CanESM-2 ~ ACCESS, MRI-CGCM3 CM3’
. MRI-CGCM3, IPSL-CM5A- MIROC5, GFDL-ESM2G, Cﬁgﬁ;g&ggml MI;ISEAGEE/I&?S\TU
MR, ACCESS, MIROC5 ACCESS, CanESM-2 CGeM3 MIROCS
5 GFDL-ESM2M, inmcm4, bce-csm1, CNRM5, ACCESS, E Sl\igﬁOACgC(];}S:]SDII\-/IRI- CSIRO, CCSM4,
CanESM-2, MIROC5 BNU-ESM, CanESM-2 ’ ’ ACCESS, MIROC5
CGCM3
6 MRI-CGCM3, MPI-ESM-MR, bec-csm1, MIROC-ESM, E saﬂgﬁofé’cigsl)%\-/{m Cﬁlﬁ?\/lgsésﬁﬁf
MPI-ESM-LR, MIROC5 ACCESS, CNRM5 CCOM3 MIROCS
ACCESS, BNU-ESM, bce- CNRMS5, inmemd, GFDL-ESM2M,
7 CanESCI\If/I'g’ %;ZI’CSFDL' csm1, MIROC-ESM, MPI- ACCESS, CanESM-2,  NorESM1, ACCESS,
’ ESM-LR MIROCS5, MRI-CGCM3 MRI-CGCM3
CNRM5, MIROC-ESM- CNRM>5, ACCESS, MIROCS5, CNRMS5,
8 CHEM, GFDL-ESM2M, MIROC'ESQ/II\’HS&?L'ESMZM’ MIROCS5, GFDL- ACCESS, MRI-
MIROC5 ESM2M CGCM3
CCSM4, MPI-ESM-MR, MIROCS5, MIROC-ESM, MIROC5, inmemd4, GFDL-CM3, CanESM-
9 GFDL-ESM2M, BNU-ESM, CNRMS ACCESS, MRLCGCMS3 2, ACCESS, MRI-
CNRM5 ’ CGCM3
10 CanESM-2, GFDL-ESM2G, MEE%%Z’ffE?f‘*’
GFDL-CM3, MIROC5 CCOM3
;1  GFDL-ESM2M, MIROC-ESM,
ACCESS, MIROC5
b CanESM-2, CSIRO, ACCESS,

MIROC5
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Figure S1. Mann Kendall trend detection and Sen's slope results for MME-Mean using RCP 4.5 (a) Warm Wet (b)
Cold Dry (c) Cold Wet (d) Warm Dry
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Figure S2. Mann Kendall trend detection and Sen's Slope results for MME-Median using RCP 4.5 (a) Warm Wet
(b) Cold Dry (c) Cold Wet (d) Warm Dry
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Figure S3. Mann Kendall trend detection and Sen's slope results for MME-Mean using RCP 8.5 (a) Warm Wet (b)
Cold Dry (c) Cold Wet (d) Warm Dry
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Figure S4. Mann Kendall trend detection and Sen's slope results for MME-Median using RCP 8.5 (a) Warm Wet
(b) Cold Dry (c) Cold Wet (d) Warm Dry
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