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Appendix 1 — Rectangular domain boxes used for each ARRCC focal country
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Figure Al: Visual outline of domain boxes for Afghanistan (top left panel), Bangladesh (top right panel),
Nepal (bottom left panel) and Pakistan (bottom right panel) South (green box) / North (blue box)



Appendix 2 — Spatial ROC skill for the near-normal tercile for JJAS
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Figure A2: Maps showing the area under the ROC curve for the near-normal tercile for each mode for
JJAS precipitation. Values greater than 0.5 indicate a skilful forecast.



Appendix 3 — South Asia domain: ROC and reliability plots for JJAS
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Figure A3-i: ROC curves for hindcasts of JJAS total precipitation for 1993-2016 from each of the

models over South Asia
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Appendix 4 — Afghanistan domain: ROC and reliability plots for JJAS

Hit rate

Hit rate

Hit rate

Hit rate

CFS2_NCEP CanCM4| cMmcC
10 10 10
Adghanistan_domain
084 —e— Below normal, ROC_AUC = 0.487 [:3:] 09
—&— Near-normal, ROC_AUC = 0496
084 —=— Above normal, ROC_AUC = 0.511 08 08
o7 or 07
06 06 08
g 2
05 Eos B os
= =
I I
04 o4 04
03 03 03
°
02 o 02 Aighanistan_domain 02 Aighanistan_domain
% —e— Below normal, ROC_AUC = 0.548 —e— Below normal, ROC_AUC = 0.588
L8] L8] —&— Near-normal, ROC_AUC = 0.500 o1 —#— Near-normal, ROC_AUC = 0.508
—&— Above normal, ROC_AUC = 0.551 —&— Above normal, ROC_AUC = 0,587
00 0o 00
00 01 D2 03 04 05 06 07 08 08 10 00 D1 02 03 04 05 0B 07 08 08 10 00 01 02 03 04 05 06 07 08 08 10
False alarm rate False alarm rate False alarm rate
COLA-CCSM4 DWD-GCFs2 ECMWF-S5
10 10 10
P -
089 o 08 i 09
08 . 08 08
w
r
o7 P or 07
y
06 L 06 06
g ) ]
05 Y, Eos B os
g = =
7 I ES
04 o 04 04
03 03 03
4
02 Afghanistan_domain 02 7 Atghanistan_domain 02 Afghanistan_domain
—e— Below normal, ROC_AUC = 0.611 —e— Below normal, ROC_AUC = 0.587 —e— Below normal, ROC_AUC = 0.603
a1 —4— Near-normal, ROC_AUC = 0.483 o1 —#— Near-normal, ROC_AUC = 0.504 a1 —&— Near-normal, ROC_AUC = 0.438
—=— Above normal, ROC_AUC = 0.607 —a— Above normal, ROC_AUC = 0.552 —a— Above normal, ROC_AUC = 0538
00 0o 00
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 OF 08 09 10
False alarm rate False alarm rate False alarm rate
GEM-NEMO GFDL-A GFDL-B
0 10 w0
Alghanistan_domain Adghanistan_domain
084 —e— Below normal, ROC_AUC = 0.529 a8 09 —e— Below normal, ROC_AUC = 0.514
—&— Near-normal, ROC_AUC = 0.486 —a&— Near-normal, ROC_AUC = 0.528
08 —=— Above normal, ROC_AUC = 0538 08 084 —=— Above normal, ROC_AUC = 0.519
o7 or 07
¥
06 06 06
7 8 s
05 Eos Bos
z E /
P 4
04 7 04 04 7
4 %
4
03 03 7 03
02 02 Alghanistan_domain 02 4
—e— Below normal. ROC_AUC = 0.524
o1 o1 —s— Near-normal, ROC_AUC = 0497 01
—a— Above normal, ROC_AUC = 0,526
00 00 00
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 OF 08 09 10
False alarm rate False alarm rate False alarm rate
GloSea-5 MeteoFrance-7 NASA-GEOSS2S
10 10 0
08 0g 2 08
08 08 08 s
o7 or o7
06 06 e 08
] o -]
05 Eos Bos
g = =
x x
04 04 04
03 03 03
02 & Afghanistan_domain 02 Alghanistan_domain 02 Alghanistan_domain
—e— Below normal, ROC_AUC = 0.569 —e— Below normal. ROC_AUC = 0.570 —e— Below normal, ROC_AUC = 0.527
o1 —&— Near-normal, ROC_AUC = 0.491 o1 —s— Near-normal, ROC_AUC = 0.512 01 —#— Near-normal, ROC_AUC = 0.491
—&— Above normal, ROC_AUC = 0.545 —=— Above normal, ROC_AUC = 0.534 —a— Above normal, ROC_AUC = 0.545
00 00 00
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 OF 08 09 10

Falge alarm rate

Faige alarm rate

False alarm rate

Figure A4-i: ROC curves for hindcasts of JJAS total precipitation for 1993-2016 from each of the
models over the Afghanistan domain
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Figure A4-ii: Reliability diagram for hindcasts of JJAS total precipitation for 1993-2016 from each of
the models over the Afghanistan domain



Appendix 5 — Bangladesh domain: ROC and reliability plots for JJAS
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Figure A5-i: ROC curves for hindcasts of JJAS total precipitation for 1993-2016 from each of the

models over the Bangladesh domain
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Figure A5-ii: Reliability diagram for hindcasts of JJAS total precipitation for 1993-2016 from each of

the models over the Bangladesh domain



Appendix 6 — Nepal domain: ROC and reliability plots for JJAS
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Figure A6-i: ROC curves for hindcasts of JJAS total precipitation for 1993-2016 from each of the
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models over the Nepal domain
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Figure A6-ii: Reliability diagrams for hindcasts of JJAS total precipitation for 1993-2016 from each of

the models over the Nepal domain



Appendix 7 — Pakistan North domain: ROC and reliability plots for JJAS
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Figure A7-i: ROC curves for hindcasts of JJAS total precipitation for 1993-2016 from each of the
models over the Pakistan North domain
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Appendix 8 — Pakistan South domain: ROC and reliability plots for JJAS
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Figure A8-i: ROC curves for hindcasts of JJAS total precipitation for 1993-2016 from each of the
models over the Pakistan South domain
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Figure A8-ii: Reliability diagrams for hindcasts of JJAS total precipitation for 1993-2016 from each of

the models over the Pakistan South domain



Appendix 9 — Spatial ROC skill for the near-normal tercile for OND
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Figure A9: Maps showing the area under the ROC curve for the near-normal tercile for each model for
OND precipitation. Values greater than 0.5 indicate a skilful forecast.



Appendix 10 — South Asia domain: ROC and reliability plots for OND
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Figure A10-i: ROC curves for hindcasts of OND total precipitation for 1993-2016 from each of the
models over South Asia
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Figure A10-ii: Reliability diagrams for hindcasts of OND total precipitation for 1993-2016 from each of

the models over South Asia



Appendix 11 — Afghanistan domain: ROC and reliability plots for OND
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Figure A11-i: ROC curves for hindcasts of OND total precipitation for 1993-2016 from each of the
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Figure Al1l-ii: Reliability diagrams for hindcasts of OND total precipitation for 1993-2016 from each of
the models over the Afghanistan domain
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Appendix 12 — Bangladesh domain: ROC and reliability plots for OND
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Figure A12-i: ROC curves for hindcasts of OND total precipitation for 1993-2016 from each of the
models over the Bangladesh domain
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Figure A12-ii: Reliability diagrams for hindcasts of OND total precipitation for 1993-2016 from each of
the models over the Bangladesh domain



Appendix 13 — Nepal domain: ROC and reliability plots for OND
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Figure A13-i: ROC curves for hindcasts of OND total precipitation for 1993-2016 from each of the
models over the Nepal domain



CFS2_NCEP

Hepal_domain:
087 —e— Below norfnal
—s— MNear-normal
—=— Above nogmal

[ L]
oD 01 02 03 04 05 06 07 0B 0% 10

5 Formcast probabibty
g %0 05 1000 05 1000 05 10

Forecast probakslity  Forecast probabilty  Forecast peobabdity

COLA-CCSM4

MNepal_domaini
08 —e— Below norimal
—s— MNear-nomial
—=— Above normal

-

a0
@0 01 02 03 04 05 06 Q7 0B 09 10

Forecant probabibty
i
e B L
E S0 os 1000 05 1000 05 10

Forecast probabiity  Forecast probabilty  Forecast probabidity

GEM-NEMO

Hepal_domaini
087 —e— Below norfnal
—— MNear-nomial
—=— Above nogmal

o1
aa
a0 01 02 03 04 05 06 Q7 0B 09 10
; Forecast probabitty
IE VI? as 1000 0s 10 00 as 10

Forecast probakslity  Forecast probabilty  Forecast peobabdity

GloSea-5
10
o8
o8
or
e
06 o
L
0%
o
gna o /
a3 -
- Mepul_doman
021" —e— Below normal
o1 —a— Mear-nomal
—=— Above normal

a0
@0 01 02 03 04 05 06 Q7 0B 09 10

5 Farecast probabibty
g %o o5 10oo 0s 1000 o5 10

CanCM4l

Mepal_domaini
081 —e— Below norinal
o8 =+ Near-normial
—s— Above nofmal
or
.
gos
Z0s
e
04 o
03
021 -
o1
aa
00 01 02 03 04 05 06 07 08 09 10

Forecast probabilty

o gy

o0 as 1000 05 1000 s 10
Forecast probakslity  Forecast probabilty  Forecast probablity

Forecast occusrence

DWD-GCFS2

Mepal_domaini
08| —e— Below norimal
—+— Near-nomial
—=—  Above nosmal

00
o0 01 0z 03 Dl 05 05 a7 o 08 10

‘b

Y] a5 10 00 05 10 00 05 10
Forcast probabslity  Forecast probabilty  Forocast probabity

Forecast cecurmence

GFDL-A
10
Mepal_domaini
081 —e— Below norinal
ap | —* Mear-nomsal
—s— Above nofmal
or
’f
06
/f
/f
3 05 -
-
o4 P
=
o1
aa
00 01 02 03 04 05 06 O7 08 08 10
Forecant probabilty

Ll

o a5 10 00 o8 10 00 05 10
Forecast probablity  Forecast probabilty  Forecast probabiity

Forecast occusrence

MeteoFrance-T

Mepal_domaini
084 —s— Below normal
—+— Near-nomial

987 _a Above nodmal
or
=
06 -
ey
/f
-
-
-
/o
p
-
02 o

o0 01 0z 03 Dl 05 05 a7 o 08 10

kb

oo a5 10 00 05 10 00 05 10
Forocast probabelity  Forecast probabilty  Forocast probablity

Forecast cecummence

Forecast probability  Forecat probability

Figure A13-ii: Reliability diagrams for hindcasts of OND total precipitation for 1993-2016 from each of
the models over the Nepal domain
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Appendix 14 — Pakistan
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North domain: ROC and reliability plots for OND
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Figure Al4-i: ROC curves for hindcasts of OND total precipitation for 1993-2016 from each of the

models over the Pakistan North domain
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Figure Al4-ii: Reliability diagrams for hindcasts of OND total precipitation for 1993-2016 from each of

the models over the Pakistan North domain



Appendix 15 — Pakistan South domain: ROC and reliability plots for OND
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Figure A15-i: ROC curves for hindcasts of OND total precipitation for 1993-2016 from each of the
models over the Pakistan South domain



CFS2_NCEP
10
08
o8
or
-
-~
06 o
/f
-
S 05 o

o4 /’
a3 i

Pakistan_S_domain
021~ —e— Below normal
o —s— Near-normal

—== Above normal

Forecast cccusmence

Forecast occumence

Forecast cccumence

Forecast occumence

[ L]
ap 01 0z 03 04 05

08 07 08 0% 10
Forecant probabibty
S0 05 1000 o0s 1000 05 10
Forecast probabiity  Forecast probabibty  Forecast probability
COLA-CCSM4
10
(1]
o
or
0e

Pakistan_8_doman
—e— Below normal
01 —s— Near-normal
—s— Above normal

a0
a0 a1 0z 03 04 05

06 07 08 0% 10
Forecast probabibty
S0 05 1000 05 1000 05 10
Forecas! probability  Forecast probabibty  Forecast probatlity
GEM-NEMO
10
Pakistan_S_domésn
081 —e— Below norimal
ap] T Near-nomial
—=— Above nofmal
or
06
= 05
04 -
- e
03 —
=
029 -
o1
aa
00 01 02 03 04 05 06 07 OB 09 10
Forecast probabibty
S0 05 1000 o0s 1000 05 10
Forecast probability  Forecast probabilty  Forecast probability

GloSea-5

Pakistan_S_domisn
084 —e— Below normal
—a— Near-normal
—=—  Above nodmal

ag
a0 01 0z 03 04 05
Farecast probabibty

e L L

o0 a5 10 00 05 10 00 a5 10
Forocast probabeity  Forecast probabibty  Forocast probabdity

06 a7 08 0% 10

Forecast occurmence

Forecast cecurmence

Forecast occurmence

Forecast cecummence

g Y

10
Pakistan_S_domdin
081 —e— Below norinal
ag | — Near-nomial
—s— Above nofmal
or
.
o8 -
a5
e
04 -
- _—
03
=
021 -
o1
aa
a0 01 02 03 04 05 06 07 08 08 10
Forecast probabilty

o0 as
Forecast probatsiity

10 00 o5 1000 s 10
Forecast probabilty  Forecast probablity

DWD-GCFS2

Pakistan_S_doméin
08| —e— Below norimal
—s— Near-normal
—=—  Above nosmal

00
o0 o1 0z

b b

03 Dl 05 05 a7 o 08 10

%00 05 1000 05 1000 05 10
Forecast probability  Forecast probabilty  Forecast probatity
GFDL-A
10
0g
o8
or
06
as
04
03
-
Pakistan_S_doman
LS P —e— Balow normal
ol —s— Near-normal
—=— Above normal

a0
oD 01 02 03 04 05

06 07 08 08 10
Forecast probabilty
%00 05 1000 05 1000 05 10
Forecast probabslity  Forecast probabilty  Forecast probabiity
MeteoFrance-T
10
Pakistan_S_doméin
081 —s— Below norinal
o | Near-normal
—=—  Above nogmal
o7
1
06
L]
04 ‘/‘\
-
03 \
-
021,
o1
an
oo 01 02 03 Dl Ds as a7 0B 08 10

b

Y] a5 10 00 05 10 00 05 10
Forocast probabelity  Forecast probabilty  Forocast probablity

Forecast occurmence

Forecast cecurmence

Forecast occurmence

Forecast cecummence

‘b a

the models over the Pakistan South domain

Pakistan_S_domsdin

—s— Near-nomsal
—=— Above nofmal

o~

; ’_’\

aa

o0 01 02 03 04 05 06 a7 10
Forecant probabibty

o0 05 1000 05 1000 05 10
Forcast probabilty  Forscast probabilty  Forecast probabiity
ECMWF-55
10
Pakistan_S_domain
08| —s— Below normal
og ] — Near-nomial
—=— Above noamal
or
06
-
05 L
-
-
o4 .“‘\- f/
03 :.-—./\‘ -
a1

[
op 01 02 03 Dl 05 06 07 08 0% 10

Farecast probabilty

ok h

o0 a5 10 00 os 10 00 as 10
Forocast probabslity  Forecast probabibty  Forecast probatslity
GFDL-B
10

Pakistan_S_domsin

—— Near-nomial
—=— Above nofmal

(1]
oD 01 02 03 04 05 06 Q7 0B 0% 10

Forecast probabikty

‘il

S0 05 1000 os 1000 05 10
Forcast probabilty  Forscast probabilty  Forecast probabiity
NASA-GEOSS25

10

Pakistan_S_domain
084 —s— Below normal
ap ] —* Mear-nomsal

—=— Above nodmal
or

1
06 -
05
-
o4 f"
03 ]
=

-
02 -
a1
o0
o0 01 0z 03 Dl 05 06 07 0B 08 10

Forecast probabibty

‘il

o0 a5 10 00 os 10 00 as 10
Forocast probablity  Forecast probabibty  Forocast probabdity

Figure A15-ii: Reliability diagrams for hindcasts of OND total precipitation for 1993-2016 from each of



Appendix 16 — The ONI index and model precipitation correlation for JJAS and
OND
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Figure Al16-i: Pearson's correlation between the ONI index and mean precipitation each of seasonal
prediction systems for the JJAS season from 1993 to 2016. Stippling marks statistical significance at
the 95% confidence level.
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Figure Al6-ii: Pearson's correlation between the ONI index and mean precipitation each of seasonal
prediction systems for the OND season from 1993 to 2016. Stippling marks statistical significance at
the 95% confidence level.



Appendix 17 — IOD-precipitation relationship against model skill for JJAS (top)
and OND (bottom)
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Figure A17-i - Scatterplot of correlation between the IODMI index and precipitation (y-axis) against
correlation between observed and model precipitation (x-axis) for the JJAS season from 1993 to 2016.
The correlation coefficient (r) and p-value (p) are stated in the box at the top-right of each plot; note that
p<0.05 represents significance at 95% confidence level. The dashed grey line marked “observations”
represents the correlation between the IODMI index and observed precipitation. Precipitation is spatially
averaged over South Asia and each of the country-specific domains in the plot titles. The black line
represents the line of best fit between the 12 points.
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Figure A17-ii - As caption for Figure 17-iError! Reference source not found., but for the OND season.



