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ABSTRACT

In order to promote the practical use of real-time BSISO information provided
by APEC Climate Center (APCC), we create user friendly information, which estimates
heavy rainfall probability forecasts using BSISO forecast indices. To achieve this,
there are two objectives: the first is to give guidance on the practical use and
interpretation of the BSISO forecast for heavy rainfall probability forecast over
Mekong river, and the second is to provide stable and reliable BSISO information
by delivering the probability forecast of heavy rainfall occurrence to the APCC
webpage and making leap year recognized in the operational system.

Heavy rainfall probability at the 90th percentile in the Mekong river basin during
summer is high when BSISO is active and has particular (P3-7 for BSISO1; P1-2,7-8
for BSISO2) phases, which have favorable conditions for making a strong Indochina
monsoon with strong easterlies (westerlies) over the Philippine sea (Northwest
Pacific). Within the phases, the location of easterlies and westerlies can be slightly
changed according to the motion of east-west seesaw (BSISO1) or south-north dipole
(BSISO2) structure in Outgoing Longwave Radiation. Based on the observed
relationship between heavy rainfall probability and BSISO, we produce ‘heavy rainfall
probability forecasts’ by combining the observed relationship and predicted BSISO
indices for 2013-2016.

Probability forecasts of heavy rainfall in Mekong river basin show improvements
of 30%-50% over climatological forecasts at week-2 lead time. That means APCC's

BSISO forecast indices are capable of predicting heavy rainfall probability forecast



over Mekong river basin. In order to enhance the practical use of APCC BSISO
indices, a guide for the application and interpretation of BSISO forecast indices

in heavy rainfall probability forecasts over Mekong river is developed.
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1. ME

ko

AdL=FolxF =3t °‘V\o}°] 71 RIs Ash= At 7FRo]7] wiizol T1of gt
2ot ol5fie} 4Bk 2 S T, AR, EA, olyA|, Aol AR diE] 5

e AF- ﬁ?ﬂlﬂi %93t 9u|E 7HAt} (e.g. Vitart et al. 2012). 1Ho|=
E5EL S2S S ti7] 271 249 dFe] A&H7 s v 4, 3o HE
o] &= mA7IolE vF 2 ARE ®fe]7] ol Sstr]of of=le AIRE HH
g oAAN ©7] dEY AE aiSo] vls| AiFos FEEA] Zoinh 1By
= o] At HRollA A&l F83 A AP E & = B0l BWol A+H
1 3, o234 A-EY ZA%(Boreal Summer Intraseasonal Oscillation, BSISO)
E3F ofAlo} <= A Qof|A9] Fef 4719 BT U (e.g. Liebmann et al. 1994;
Maloney and Hartmann 2001; Goswami et al. 2003), &9 Al&(e.g. Wang
and Xu 1997; Kang et al. 1999; Wu and Wang 2000:; Kajikawa and Yasunari
2005; Goswami 2011; Lee et al. 2013) ¥ F9%= 7] gl A3t 7|4 E o=
AOE BIA i 714 =% @4 W8S dScket S8% AR & A
AHMoon et al. 2013).

S2S (Subseasonal to seasonal)= 7147} 719 AB|IAE B HE & Qe F
=193
=
/\
ES

:ﬂ o{N' L

APEC 7|3AIEE 2013 o]FRE BSISO Aol tigh AAZE & HRE AT
ot JEd(Kim. 2013) Y¥HHOR FAE 25004 ZAAIE 1749 ol WU w%
$9] BSISO AEE AJAikst= A2 YEKKim. 2014) BSISO2] FFo & QIgh
FE 718 S3t A4l Higt dlSETt ofu et AEW ARt o] WoflA thekgt
S8 EopollA Y &&= 7hssiFlth AAIRE YO R o EE = BSISO 45 &-8%t

=R 71 7] AEAA AFE AT AsiME ARY HEo] ojgA F
g @S W, A= 9 A AGE v digt A7 A= ook ditt
| AL

Tet 71RAQl PE AT ofe} oo} B x9fo] 54| ofEo] A
BSISO c1%9] 7]olr} ol HEQIAe] et AT A opAZAE uEEt Ao

L E3] ol sjo} T BSISOQ] wiso] Ags| FAME 2015€0] A o2 AY
ek AR BE WA, Te|T obloh B Ao FRo|A Uehd 2
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ulgste] BSISO EUEY 2 oS AH sf4o] Qlo] tha ol o] Ut 17
L BSISOOl tgt A&AQ1 BUE it H59 IYoA vh=0] W metrics?t =3H
B 4 g 22 AEY oA F8 @A tigh DAE2 BSISO A&
A 9 289 ZtoldA i EAFo] HIJAL & A4 ol2fet BASE E5
o BSISO 9& AEY &L E =o|iA} 3t} o]g% APEC 7|¥AlE <= BSISO
izt & o A" 293 & o AR SRl JEE Algol] el A&GHeR

wefsta itk

o =5

- BSISO G ot S 248 710[EHA OfH

a| g
= =
- BSISO 2| QFEXRI 2 Sl MSAF 2ol FE T

APCC9] 3-8&¥oF A+=°] A 7|+ = ]
BEE Al B2 7ot 83 Aol tigh At 715 ok, BSISOY
TUEY 9 & FE7F A FAF R 2 JFS vXe F3 718 a8 wEol
X= $84S 1 & g B d7= S2578F ST AeAlE (O™ 1.)E

Z&sto] APCCY vidS 24(0d 1.2 4 e IXtol 8 & U
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BSISO real-time forecast

Probability forecast of extreme rainfall
by BSISO forecasts

& for addn

Note: Mhswe curior o peoduct nam

o — — - —— E— Week-1 forecast Week-2 forecast
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BSISO Forecast lor 280ct2015-17Nov2015
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Flood
YEAR DAY BSISO1 BSISO2 Blphs B2phs H
2015 262 0395 0734 P3 P66 |nunda‘.t|°n
2015 263 0154 0753 P3  P6 Mapping
2015 264 0190 0.223 P3 P66
2015 265 0600 ;. 0833 P3 P6
BSISO forecastindex =
i et
I3 1 Real-time BSISO forecast and its application
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2. 3 Xz R 4
21 G4 Xz

ofAlo} & A9 T figt BSISOY FIFS BEASH] s 71EHow
BSISO A=t 73 A&7t Fasiet

2.1.1 BSISO Xz

APCCOllA= Lee et al.(2013)0l14 Fojgt whiol wat of | 5YoA 10¥5<t
Wﬂi HUER A5t dF A5 JARIE £ Aol ARSS BUEY A
= 19819RH 201597k 35W7te] AmE ARESIGTh dIS 4= & 2.1004]
UERt 571 P o 25 E PAEAT 201395 H 201609 5] ARE E AolA
813,

ﬂl

21 Details of available models on BSISO operational forecast
Institute Model Ensemble Size | Forecast Period Ut Resolution
Frequency
Climate Forecast 1126
System 4 40 days Once a day L64
NCEP
Global Forecast 574, T190
System 1 16 days Once a day L64
POAMA 2.4 T47
BOM multi-week 33 40 days Twice per week 117
model
ECMWF
Ensemble : T639, T319
ECMWF Prediction 51 32 days Twice per week L62
System
. T119
Taiwan CWB | CWB EPS T119 6 40 days Every b days 130




2.1.2 220] tist e

EQ-

205§/ -
40E BUE 80E 100E 120E 140E 160E 150 wbw

Sample size = (NX x NY | clim(i,j) > 2mm) x 31 (30) days x 18yr

I3 21 Diagram on sample size applied by heavy rainfall definition

oMo} E<= AH [108-40N, 40E-180E]9] &5 A7 RlolA 1997d=olA
2015\591e] o54(5¥€ ~ 10%) GPCP (Global Precipitation Climatology Project,
Huffman and Bolvin 2013) 4B+ 4 AE7F AREQAL o] = ZR9] S
= 1"x1°olth. 39+ &4 7|7 37t dB+t AeAtEe] disf At £2E 285t

H 90HA A4S threshold value® g3t o] wf €= JAZS A2t
=4 1 o]§= ofAlo} B A Frp= Yz T EFo] thE seasonalityE 71HA|
3L Q7] wjiBoltt (Adhikari et al. 2010). ESt 73 WHEY localitys L& oA &

7] 915t9] threshold valueE AT o 7+ A} mitt 1 gk2 Albslr] Hrks 19
2,13} o] A} 9 HA| AALE sampleZ 851} localityE 1#dto] T-¢-
£ AL Alol= HI7F AA| QIZE ARl WA= dFhE HHE AREC] %2 A
BEAY 2 AFEHA = 27 Aok 718 dlE E9 7124 0E 87 @ol 2

Al = AR GoA = ofF 22 Fl 9= threshold valueE d7 =] A
AoAE ©H] Z2 Foldt AFolME = *P?—ﬂi AgsloHEls B9t At
o vz Y9 u7F @o] 9% o] Qlojil HIE threshold valueol B]X]A]

% 9l 2950 A7IA HeE 4
7= S localitys 13 5HA]
%+ Zo| AAsiot watE oSt Hohﬂﬂi 2 AolA Fejd 9 599 o

2



6 | O JFEU TS O ARE KA  BSISO o 3 2 28 J0jEA OR

ARKE 2.2 59 20.7mm/day, 62 22mm/day, 79 22.9mm/day, 8% 22.6mm/day,
9¢ 21.8mm/day, 10¥ 21.4mm/day °Jct. °©] &5 Tank et al. (2009)°l4 “very
heavy precipitation days” 2 9]t 20mm/day Bt} 2 o2 59-of tigt g9
7 HATAL & 5 Sk 2 Aol Hidt ARt 82 Lee et al. (2016) Z=2
20159 APCC A=Al HFSEIAEAY - AZW oFiA g +27143H4 S
g 54 B7hHE H1E 5 -

o 001" percentile [

235
3
105
Fr g

2L

20.
i

18,
]

L

E b

i iy
o

i

I3 22 The monthly rainfall thresholds of heavy rainfall events.
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J8 23 Flow chart on how to research

2.2.1 BSISO-22 &/ &M

19979 ~ 20159 19¥7+e] 3¢} BSISO A45 ARgste] o & BSISO & 5%
o 5 Qe 59 Y e ARSI WA 5¥olA 109 22l tisiA BSISO
91 VS F7100 wet 19 249 22 AARE AHDEe] FEEIX L 19 ﬂ%ﬂ

S Y 52 4 213 &k o] W BSISO A= 1 2717F 10X & 3
o wgke ARgEHOEH BSISO7} active 3t AlRHE: 13Tt BSISO X]TOH 71
Hh 3t 59 WY S5 AARS Lee et al. (2016)T 2015 APCC 9=t H&H 1
AE@AE - AEW otfAlY 2714385 SRV IS4 B7hollA & © AAl

number of days [BSISO1,yp = 1, BSISO1 phasel, daily PRCP > 90th percentile]
number of days [BSISO1,vp = 1, BSISO1 phasel]

x 100

(EQ. 2.1)
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AMP =1 Heavy rainfall event

| Phase 1 Jojimas
JUN :
-
-
oCT
I3 24 Classification for calculating probability of heavy rainfall occurrence estimated by BSISO
indices

222 A5 e XS 9

i

B A0 Aaee & B8] YA AT A Aol FasL of
slef wefshorat Al 714 o] Sich

AR, APCCO] HA-F|Aof Felslr] flsto] ofejA|q /e eid=o] 4oz A
B2 ¢ Aok EA4, 7IFeE R Aol dqE4o] HAE= A Hololof it Al
A, AnE &&L SR BHoM s A717e] 7 data’t F20] | & A=
713 = &5 FloF Aol digt A+t " asiet

Weisheimer & (2014)°] W=H & 13} 7] SlojA sHoMAloF A|F9] <
Ao F42 T Frol= AR & SHAIRE o ds] &gt ol &
ottt ol E3 FEOAoE & A4 o

o
= 5 As 7 7HRE =S 247 2 EE ukith

=

"W
~

A9 oz dAdnet dAxA

[o)

|
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) Wet JJA

@ perfect @ still useful marginally useful not useful @ dangerous

J8 24 J2 5 from Weisheimer et al.(2014)

=1

oot =7ks & HIgAel SR Aoz Al WA dAzdS
YR A olnt. wlgAd2 vIekt, e, =, FEYo HEY 5 575l 4
A T2 o] 48,800kme] 2 ZFoltt. w3 I oF 6Hwg ] 4] BxolA]
i ek St 2dEE A g S FHF A9(d 2.5 § stdeln®
-2 Aehg o] AsiAe ol et AR diul7E Fasial & 5 Sl

lol'

Wby 2 Aol Al 7 AAEAS BESIE 157 99 AT tKdon
Aot 53] ol (o] & o WAL Tk
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03/10/2016

2015, 2014, 2013, 2012, 2011, 2010, 2009, 2008, 2007,
2006, 2005, 2004, 2003, 2002, 2001, 2000, pre-2000

I3 25 Historical flood affected area from http://floodobservatory.colorado.edu

223 H7LE =4

374 79 29 A0l BSISO7F ¥F= VA 1 dofd = Qe HitE H]

A E4517] 9Iste] BSISO el e 44 242 F3otict. o] of of
TE £3Ho 2= FRA-interim 22X E 850hPa A1%F, YEHFE 18|12 NOAA

20 gepgniEa ARg gt
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2.2.4 BSISO OE K5 7t 22 T Jisd G2 it

BSISO o]% A& &8st o9 A 7hede 4 Al 19 2.69 22 U
< Tt BSoA Hojxl= BSISOSH &9 A 9J~g gHdelttt ol5H BSISO
AFE Age=n o B 7k FE9 dEde A & 9 =l =
BSISO 9% 2157t 7M1= §1doll sigste #&olM 9] 8 24 ks &8 9%
= 72 5 BSISO 5 #e] 2718 Hdhs W40l 2FH 2= BSISO1H
BSISO2 Zz}o] 4%t 24 oAy -?4% d=de Bt

=32 ¥ o]g7] BSISO & A4
oA =EEE= 4 2719 R 58 WA FEY S FHFCEN ARE
A2 stolg 23 Fo B AR F o A®HoE olsiid 4 Stk olEA
phase diagram °& HEZEUW BSISO AHE7} & ¢ AREAF 2SHHQl FHZ A
H 5 AL ol

g 5 = FEEl]] 15, 2532 345 F APCC EHo|XE E3) 20164 8
EEE AuAET Qo (O™ 2.7).

BSISO real-time forecast Observational relationship

Frans Pt of 250 1ces Forecuts

BSISO Forecast for 200ct2015-17Nov2015

.............

e Composite Anomalies associated with the BSISO
- L ST [ Mon, BSISO >1.0]

YEAR DAY BSISO1 BSISO2 Biphs B2phs Prediction of anomalies associated with the BSISO

2015 262 0395 0734 P3  P6 (B1P3 x + B2P6 x )/2

2015 263 0154 0753  P3 PG )

2015 264 0190 0223 P3  P6 m{mamy e NoL 7] efees TN ]

2015 265 0600 : 0833 P3 PG s I = sV % B RN

: - Ty of e ') o B N

BSISO forecastindex = AW i XO‘395 + .-$,_x0:7.34

ﬂ&&?g&

18 26

Flow chart for producing heavy rainfall probability forecast using the BSISO forecast
indices
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Bl CF3 GF3 LM ECM CWa

Probability of heavy rainfall determined by predicted BSISO

WEEK 1 : EC!Inl LC. : 31102016 : %

Hl"'l- L,_,J. ""'Lijﬁ(l
| N O

Prohability of occurrence for heavy minfall event as defined by deily rainfall excesding the Sith
percentiles value (214 mnyday) for Oct, during 1981-2000,

@ APEC Climate Center

J3 27 Web service on the probability of heavy rainfall determined by predicted BSISO indices.

2.2.5 Forecast Skill assessment

BSISO & Aol 7|7ksto] At 2 24 &8 dRo] A==s 7] 9
st 2 VI A4S S E8siltt o] 1 ke #iee] S A dichotomous

(yes/no) forecasts?} multi-category forecasts & 7HA] W4S Z-83}%ct



2.2.5.1 Dichotomous (yes/no) forecasts

AaEel Ve Tl 7 9 S 4ok ofd WE FERE ® 2.28 EUE
Hit Rate, False Alarm Rate, Threat Score 18|31 Hanssen and Kuipers

discriminantE ARFIERL Z+ 7[Ho]| dist 412 2=4] 2.2 ~ 2,504 BReIgh 4= 9t}

~_'l1__E

222 Contingency Table for dichotomous forecasts
Observed
yes no Total
Forecast  yes hits false alarms forecast yes
no misses correct negatives forecast no
Total observed yes observed no total
. _ hits
Hit Rate = hits + misses (EQ 2.2)
Fal 1 e = false alarms (EQ 2.3)
dlse alarin rate = correct ~atives + falsealarms ’
Threat score = hits (EQ 2.4)
hits + misses + falsealarms
Hanssen and Kuipers discriminant =
hits false alarms
hits + misses false alarms + correct —atives (EQ 2.5

2.2.5.2 Multi-category forecasts

d

4, &%, SfHET A2 g A7t S o o|gA Al 7HA] el E
=303 Accuracy, Heidke Skill Score, Hanssen and Kuipers discriminant®

AT (54 2.6~ 2.8).
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H23 Contingency Table for multi-category forecasts
Observed
1 2 3 Total
Rain (= 0.3mm 0.3 { Rain { THR THR <= Rain
Forecast 1 n(F1,01) n(F1,02) n(F1,03) N(F1)
2 n(F2,01) n(F2,02) n(F2,03) N(F2)
3 n(F3,01) n(F3,02) n(F3,03) N(F3)
Total N(O1) N(O2) N(O3) N
| &
Accuracy = Y n(F0) (EQ 2.6)
i=1
1 K 1 K
W; n(F0;) - F; N(F)N(0;)
Heidke Skill Score = — T — EQ 2.7)
11— —= N(F,)N(O,
< L N(R)N(O)
1 K 1 K
N-Z n(F0;) - FZ N(F)N(O;)
HK = —— & ! (EQ 2.8)
1——Y, (V(0,))?
T3 Vo)

ofd 7 g0 YoiAE & 2.39] 7o wet SF &9 A=
9jc}. o] W Brier Skill ScoreE ARESILH (=41 2.9).

224 Contingency Table for multi-category forecasts
Observed
1 2 3 Total
PoHR <= 0.3mm 0.3 { PoHR ¢ THR THR (= PoHR
Forecast | n(F1,01) n(F1,02) n(F1,03) N(F1)
2 n(F2,01) n(F2,02) n(F2,03) N(F2)
3 n(F3,01) n(F3,02) n(F3,03) N(F3)
Total N(O1)

N(O2) N(O3) N




BS
BS,

clim

BSS=1 —

Y, = B9d 599 7|EgE w7t ¥ Wol & gE
O, = 0(no event) ; 1(yes event)

B‘g{:l’[m = Chm(l - Chm)

2. O KiE 2 g

(EQ 2.0)

EQ 2.7)

clim = the climatological probability of heavy rainfall values
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3. ¢HULLEE
3.1 BSISO impact on heavy rainfall over Asia monsoon region

3.1.1 BSISO-heavy R relationship analysis

% 3.1 #So|A EojA= BSISO19] 93t &% W SE3 Y ZCeE 5
HO| A Kol Phase 1 € W JA=gollA oFsHA 2% T4 7Hs4dS Holoh
7} Phase 278 A} 50| woA|HA f14do] Hgo] wet s&For 171 B
o= FEYHo] FAol= AS & & Utk &, BSISO19] phase©] wet &9 24
g=9] figlo] S0l A & & AL o= &% T 71s4do] phase preference
Stth= A2 on]etth

E3 9 3.2« BSISO29 &l Q= 749 o9 I FES A=A HoFil

A}, Phase 13 2 A wf QJAZ=FoA| Phase 3,4 w= WATE X Hoj|A FsHA] &
S I 7FsAS Holv7t Phase 5~ 79 W= WATOIA EAHHGLE FA-
"‘f% WFo g 7]2ojz A%t o9 W 7FsAe 7HIAl Eokh o] gA] &9 A4

5L5-2 BSISO29] YAkof| preference T2 Qu|gtct EEo|A AAISHA] LAA|TE
26 WY FEZ gEEE O AY Ao Aol7t gleHw o9 v T

intraseasonal changes ZH=thil & 4 St}

ERoA BE AAI5HA] & 3F BSISO13} BSISO29] Q)3 of ¥o] 5. 2y k&
2 [R5 1]o0A4 &9l & 4 Ut
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BSISO1 (05,90%, over1.0)

P

4 N _
= %{ ™ . ™
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SE W€ IME 1S00 0 10W G0E  WE  1ME GSE 160 50W 6OC ™ f2E 1SE B0 15 GE  MOFE UOE 0B 10 15

p7
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J3 31 Probability of heavy rainfall occurrence according to each of BSISO1 phase during MAY.

BSIS02 (07,90%, over1.0)
P2 p

B 7 B 57

i J e
R

(&3]

: N,
ol M e i M e

SE W€ IME 1S00 M 10W G0E  WE  1ME (SE 160 50W 60C ™ f2E 15 R0 15 GE MO UME 05K 10 15

P8

3 g

- ;\‘f@ -
s,

N (11 rm\ &

BOE  WE  10E A0 1@ 50% GOE  WE  10E S 150 S0W GOE  ME  UOE 1S 160 150W G OE  10E 18k 10 ta

B I T

I3 32 Probability of heavy rainfall occurrence according to each of BSISO2 phase during JUL.
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3.1.2 BSISO-heavy R relationship analysis over Mekong river

2 A7 dAAGRA A=AOIRIES SHOE BSISOR It &9 U4 &&
& A8 AmEgith 1089 AFE o2 £ 1§ 3.32 BSISO19] 7t phase°f @
2 39 Y FES HojFtd 59] BSISO19 9140l 5~7 & ¢ AmAfolit wt
Aol o971 BT FE0] w2 Ae & + A ole o, F 79
BSISO A<=, 181l 2} A|5=ufet 8709] phase & 96719 Dd o2 whsold 4= 9
=8 WG e FHR FESS WA FIHEA T ol B 44 HED 5
AT (19 3.4, 3.5).

BSISO1914E 2 79RE phase 4,5,6,7 € o &% ¥4 7Hs4o] &al o]
o g2 Y T AEY Fol ou 10¥7HA ololXitt (O™ 3.4).
BSISO29A+= 8¥HE] 10€97H4] 2 phase 1,2,3 &2 80] 55- Aol & 7|9
St ZA0R HARE=H o] A 9ER QAT Fro o7t 2a4L YEdtt
ad 3.5).

H—]

BSISO1 (10,90%, over1.0)

P4

N an N
B.IIK!IJE 102E 1D4E  10BE 10BE IIDESIUOE 102 104E 106E 10BE 110E 100E 102E 104E 10BE 108E IIDEEIUDE 102E 104E 10BE 10BE 110E

q. W q. C

18N

16N

|
14N i 1N
12N 12N 12N 12N
10N 10N 108 108
P5 P& P7 P8
®00E 107E 102 106E 108E 1106 100E 102€ 1G4E 106E 10GE 110E 1006 102 1046 106t 108E unca';'WM
a2 33 Probability of extreme rainfall occurrence for Oct. based on BSISO1 phases over Mekong

River.
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Month

Pi P2 P3 P4 P5 P& P7
BSISO1 Phase

P8

J2 34 Probability of Heavy Rainfall occurrence over Mekong River based on BSISO1 index.
F=
c
[s)
=
— 10
— 5
T T
Pt P2 P3 P4 P5 P6 P7 P8
BSISO2 Phase
J2 35

Same as in Fig. 3.4, but for BSISO2.
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3.1.3 Mechanism

EAlolY Hhri= Eube oEH (5Y ~ 10900 71EHoE FASY IS
ket (719 3.6) 1Y 3.8904 H5E0] o2F B bl vir o] AE Fore w
2 Aot Exshal £ A7) tid gl grror Ao: ge u7t ys A

t]
AH 71l XFo] IF (™ 3.7 AT = it

ofl

AEAolt WL oiF o] ZEHOR dm
wol ST S5 PAES fdol SHStCh YA Uk T HT Tai et
al.2015)°] W =

Bt ETol A9 Fis Ak Eed EANEY Bt
FBgo] Pl 23] A9l AP JF= wol Herhal FE5HHHFig 3.9)

indices, ICMIs)°fl BSISOY] 7]
o] 5o W WAUZS Hustuat 519tk Tsai et al.(2015)] o8] Hol= A X
92 19 3.10°] YERHAT

£
0
4
e
el
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J3 36 Monsoon in Indochina.

L]

N

S0'E 85'E 100'E 105°E 1W°E

T 1000 1500
Height (m)
I 37 Topography map for Indochina from Tsai et al.(2015)
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Clim. Prcp (May-Oct)
| . . ]

60E 90E 120E 150E

2 4 6 8 10 12 14 16
J3 38 Climatology of precipitation for MJJASO during 1997-2010.

Toble 1 | Correlofion coefficients and partial correlation coeficients (in brackels) between SMI and Tl with IV, WINPMI, ICMis, Nifio 3
index, EMI and DMI for MAM, JJA and SOIN. It should be noted that parfiol correlation between Nifio 3 with SMI and Tl has excluded the
influence of EMI and DMI, and the same process was done to EMI and DMI, For the parfial correlation between IMI with SMI and T, it has
excluded the influence of Nifio 3, EMI and DMI. The same was done for WINPMI and ICMis. The significant value for 95% hworlailed Student t-
test is 0,29
S m
MAM U SON MAM JA SON
Nino 3.0 =051 014 =015 =0.62 =017 =005
[-0.52) {0.03) [-0.13) [-0.53) [-0.21) [-0.03)
EMI -0.15 015 =014 =0.09 0.08 =012
[-0.23) {0.18) [-0.11) [-0.18) [0.08) [-0.171)
DMl 019 0.29 -0.05 on 0.03 =002
{0.14) (0.2¢) (0.07) (0.05) [0.13) (0.03)
Al 0.57 0.01 039 0.58 0.27 0.25
{0.48) (0.07) Iﬁ 49! (0.47) [0.20) [0 ?sl
WFMI 029 0.31 0.39 0.02
{.11) lﬁﬁi - '304! [0.21) [ﬂml [OWI
M 0.65 0.55 071
{0.61) Iﬁ 59 [0.67)
ICMIN . .66 .
l'J 42)
ML . . . 0.42
(0.49)
KCMIIV . . . . . 0.58
[0.61)

J8 39 Correlation table from Tsai et al.(2015)
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Domain of ICMIs

20N

10°N 1

IOFS T T L] T T
TOE 80'E WE 100°E NOE 120°E 130°E 140°E

Figure & | Domain of ICMIs. The boxes represent the domains of 1CMIs and the numbers represent the type of ICMIs.

J8 3.10 Domain of Indochina monsoon from Tsai et al.(2015).
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a9 3.112 =AU 58 192 UEtdl= A=<l ICMIs 3#15=2} BSISO 2
Aote] FAGE EATH IHo R 799 ALE g & HojF1 Jrt. off Y
box plotof A 59} TAZL &2 phase £ W02 HAJSLT 3 phase &
o 7] =842 box plot #oll AAISE. TI=HoA HZo] BSISO1°| phase
3,4,56 4 wf ¥ sfofl 17 w8l A FaL QlofA QIEAURS] &
Fholl Z2AQA 7] £TFS /AT Y-S & 5 Uk BSISO2+E phse 1,29
7,8 o] F& ICMIs 33 TAL Qs ACS= HEoj&=d| phase 1,2 € de Z&d
39 A7 «fo] JIEAIURS] 535 WEolUl= A& Holil phase 7.8
U = ofxjo} B A9 Hute] A Z 17|94 &8o] A2 o E2H 589
99lo] 295t Aog Holt},

J% 3.12& Ql&Atelyol] AF FYS YEE ARl ICMIs 4-1A4=¢} BSISO
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7+ Agete] #dS B4 1do= 549 A9E dE4 KHojsil itk BSISO1
o] phase 4,5,6,7 € W A=FoA T=0]Z A7|Y &8l A} SZoHA HE
& QEAo|URL] AT FYol 2241 H7] 2= 7L EE & o Utk
BSISO2+ phse 3% 4,57} & ICMIs 4-13F IA7} = A0 F HoX]&=0| phase
3 Aufis QU= A7 &flo] UEAe|URS] AFE FHEoW
phase 4,5¢ W& E%29] 174 BEZ9] A7|¢o] lkeztelu flof tix[sh= F=
O = opAlo} £<= A Aol AH AJi7t 24 WollEE & & AUtk
9 3,132 =AY HE #Ye HEe A5 ICMIs 4-24]<=¢}F BSISO
7 Apete] #EAS AR 19 R 1099 ARE dEA EHojFa ok A=A}
o} BIo A 10¥2 A& E%O] AL 220 AgEE A7|o|EE EF okt
2 9] 99l Azt AL E&S Atel= &I 7IX]A] Ho] AgFoz H|7} wo]

L & Q= 2AE =L BSISO1E phase 6,7 ©] BSISO2+ phase 1,2,7,8 9 df
3 7YY 321S TEoU+= Ao 2 YERGal BSISO19] phase 6,79 4% &
31101*10}9} QAEHAloLE Av= 17|98 <8o = Qs F59 fdo] 4% A

2 Bolth I8y QoA AFH phase % ofwE o] I77F 118 34 @1
THE phaseo] HIs} F33t AolE RHEIUAE= & st ZCE Uet JF fYol
BSISO9] 7|od= 12 FA] Qo HRIth,

I 3.11 ~ 13904 HoE A o]ol] Al 7HA] £ Aol & F&= BSISO ¢
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B1P3 850 hPa wind flow anomalies JUL B2P1 850 hPa wind flow anomalies JUL
N, ,;,;//f' R :
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J8 3.1 Relationship between BSISO and ICMI 3 (box plot) and composite maps for OLR
(shaded) and 850hPa wind (vector) anomalies when BSISO phase has a distinctive relationship (red
box) with ICMI 3 during Jul.
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B1P4 850 hPa wind flow anomalies MAY B2P3 850 hPa wind flow anomalies MAY
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a2 3.12 Relationship between BSISO and ICMI 4-1 (box plot) and composite maps for OLR
(shaded) and 850hPa wind (vector) anomalies when BSISO phase has a distinctive relationship (red
box) with ICMI 4-1 during May.
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B2P1 850 hPa wind flow anomalies OCT
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Relationship between BSISO and ICMI 4-2 (box plot) and composite maps for OLR

(shaded) and 850hPa wind (vector) anomalies when BSISO phase has a distinctive relationship (red

box) with ICMI 4-2 during Oct.
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Month

“10

PI P2 P3 P4 P5 P6
BSISO1 Phase
J2 314

Table for relationship between phase of BSISO1 and heavy rainfall probability as well
as mechanism.

P7 P8

P1 P2 P3 P4

P5 P6 P7 P8
BSISO2 Phase
72 3.15

Table for relationship between phase of BSISO1 and heavy rainfall probability as well
as mechanism.
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3.1.4 BSISO GI= Xis= 7|2t o2 & 75y 05 M= Bt

2.2.40014 =9d o] mE 57 RPerRE P o oS3 AFEE

27 8070°1M Al 3007i7H4] dls ~de ¥

Bkttt CWBE AlLjstil=
7¥eb70oll= S-St sample size il WeHETh 3.1.4.13% 3.1.4.2904= &9 Al &
ol ek AS4dS B7HAAL 3.1.4.3004= % e |t o5 243 Ay
HkTt
31 Sample size for each forecast model
ECM BOM CFS GFS CWB
# of sample 104 80 285 300 29

3.1.4.1 General forecast skill for rainfall amount

1% 3.167} 3.172 Dichotomous (yes/no) forecastsOl 7|¥tsto] 59 A] 7<=
o gt &4 Bt 23EX ECMWEZHRE d&% BSISO A= 44
T weekl9] S o2 HojEoh Ad A fid2 2.2.49] S IE (no
LOC) dl&7go] thet AlZeoltt. g9 Artol A 0.99] E5l+= Hit Rate %IO] L}
Rttt ey IRty XHoflA False Alarm Rate A A39] w2 3 Ho
ZA 07 Hanssen and Kuipers discriminants= 09 717k &< 7};5_‘3}. ESH
Threat Score JA] Y o] AA 27o] gl A o= Yetal St o|FA o
S0 W2 Hole Al 7 S AAelE 4 et 2% B9 Al A4 11y
o, BSISO9] 7FeA] A& of 183 520 tigt BSISO9 7|okoltt. 7Hsd
HeE Ao digt Ager A A= 95 FYD o A et F St 7
B2 AA AF=E BrIeiEsdT (folA &+ ¥4 g, LOC). 1 ¥ no LOCO]
H|sf k719l o= AZo] r‘ﬂ:AO}QJ: o7 UePF oL A5 Golgust A=
ofUth. & HIAR T4 IS4 AAE Al WA BSISO 13} BSISO 2 ZHzto] His &%
A& WA Hed o] W 5YT 7ISA(0.5)F AE5to] st oo s Avt
sHA "ok a3y A ti7] B8-S BSISO13 27F A¥ahs A= 12%9F 7%7%
T2 Ao|7} 710l 7RIS A7 gdEste] ARt F ASAde BRI 1
27 7]1&9] B4 (no LOCKE Wiks et dl& Az Rfol7t A9 Qe &1 &

_Eoﬁ
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4n
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AATH (HollA Al HA e, weighting). ©] & YA A 17
C’ﬂé"é% A ol sfdoA & 4= =H no LOCEE 2+ 7AH 9
A Qloyt ofHs] AlFsh] P& FFolth 1™ 3.172 week20]
False Alarm Rate®l 014 weekl1o] v} 3] 7fAE ZIs Hol
o] Zw|ETh

1% 3.18% 3.19+& three-category forecastsE AR 35 Al A9 A=
5 Ukt Accuracy®l oA QlExfoluy A Ho) 30% HEo] dHE HE:
= 732 992y Heidke Skill ScoreoAl:= "HHE A oAl AZo] 0= Yt
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ECM Forecast Skill for WEEK1

J7 316 Forecast skills of heavy rainfall amount estimated by BSISO forecast indices using
ECMWF for week
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ECM Forecast Skill for WEEK?2

Faise Alarm Rale L Thveat Score

Hanssan and Kuipers Discriminant oL

9% 0% 05 0% 06 015 05 0%

Hansson and Kuipars Discriminant L
1

0% 0% 05 0% 06 0% 05 0%

Hanssen and Kuipers Discriminant
1

0% 0% 0 om0 0% 03 0%

a8 3.17 Forecast skills of heavy rainfall amount estimated by BSISO forecast indices using
ECMWF for week2
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ECM Forecast Skill for WEEK1

Heidke Skill Score
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Forecast skills of heavy rainfall amount estimated by BSISO forecast indices using
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ECM Forecast Skill for WEEK2
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J2 319 Forecast skills of heavy rainfall amount estimated by BSISO forecast indices using
ECMWEF for week?2
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3.1.4.2 Probability Forecast skills

BSISO <& A47t #78 =9 diet clEs AF=rb Wots 28y
3.1.4.1004 AR8E AT 7IHE2 tif2o]l =79 &2 rare eventols HA| Y=
7IHER 42A Atk ES APCC EHo]A[A Algdh= ABlAe 97 oE7)
ofd 9 &F dEolEz foN tE HS FAl= Lo gt
A 7HE S 599 B4 R & A EF R A Bkt

A= AF 41 Brier Skill Scores @%ﬁﬂl‘i?‘b:}. a9 3.202 ECMWFZ 9
H BSISOA|47F 43 &% & A H S To} Brier Skill ScoreE A4S
Frolct, 9] g2 no LOC ¥ 7331}0]5’_ olff #gL LOC+weighting Luj9]
olot. QlEApoly tiRE X Eo] FEToF Ao WEEK1 (WEEK2)ol:

I >
i) mhL £

rl

reference forecast ETF 30% ~ 50% (50%) A= d&S 7tk 43S AdS &
21931 WEEK20]419] of|&Ao] WEEK] Bt & © =2 AL <& 4= 9}t A<t
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J8 3.20 The Brier skill score for probability forecasts of heavy rainfall estimated by BSISO

forecast indices using ECM. Lead times and methodologies for making heavy rainfall forecast are
shown in the upper left and right of each panel, respectively.
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CFS Forecast Skill
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a2 3.22 The BSS for probability forecasts of heavy rainfall estimated by BSISO forecast indices
using CFS. The BSS was validated on each phase of the eight BSISO1(upper panel) and BSISO2(lower
panel) phases. Red(blue) bars show distributions for WEEK1 (WEEK2) lead time.



| CIEE AU T3 OfE AR JHM(I) : BSISO 02 i 2 28 710[EA Ofd

3.1.4.3 Guidance

AF7HA Y] A+ =S EYE T F9olA42] BSISO o &8 S 4
g5taA; sttt 7holdAE 20139 999 59 AHEIE FAHCZ FAJSEITE

1 Al BSISO GIE Xk &0l

APCC2| 2H0[X[0M BSISO phase diagram= Salf BSISOS| 24 F7IE FHO= &% 230 Cigt
BSISOQ| H3lE SIS

19 3.23:2 201349 9¥ 2= RE 25719 BSISO %52 HolFal Qlrk BSISO
1S 73t 32712 73 phase 1914 HET A7to] X]‘a*Oﬂ uet w24 oFst H
F 99 1597 phase 79 EFO &2 ThA] actived)] A& A& & 4 Ut} BSISO 2+
AE Z7|oflE oFt 715 7t 99 15U 3RE HAF ARl F olF Id5d 7t
phase 13} phase 29] B50 2 &ilstA &ttt 354 0E oY 15UFH 45U
AE+= BSISO 13} BSISO 2 B5 7%t AL g 7= 22 d&EH 1l o] uff Z429]
P2 B1P7, B2P1-2 °|tt.

2 ©7. BSISO-=2 Relationship table 22!

= EUM9| T8 3,149 3.155 O 0E0| oiFol= S SH2=2 0IEE BSISO phased 2| 2
Y S50 I ol FL HHUSS TslCt

39 3.14904 Eopd 9o BIP72 15%2] 39 ¥4 82 7HA| 1 o] uf A=Ak
ojtf Bt XMFojA Eojo= F&F AFo] A9 5% W0 34 HAYUS
U & & Aok EZ I9 3.1525F 999 B2P1-2& WA §Fl 25% o9
S5 WA 5 e BES WES € 5 et o] f F2 stold A offollA

Bolot I} AEYolH Bolot AEC] g WL Y S Sk ol
=] o

582 +ol 0?40} 7] 239 FolA =Hol 2l 15%5H BAe 25%01d<]

59 Wy BB T 4 Utk

=



3. ¢Ae | 39

AR F1Q1 9 5] thA] oEE 9 159 ©]F9] BSISO phase diagramofA®
BSISO1 phase 7-6, BSISO2& phasel-22 ROl Qtt (I 3.24). Relationship
tableZ <AZ 99 1597H o|F WFH Fole ASH 539 o] f=g o
7] 2700 oA Eof A= 15%FE BAE 25%0Vde] &% Wy ZE0] ol

dFL Fd 9 120 oEet 98 159 ~ 2099 BSISO= BSISO1°] A5
phase 7-69] X5Z 7FAQL BSISO2 FA]l 7] 1.0 o149 phase 2-39] E52 7}
Aug g ool A 552= Qg Fdl 25% o4 27t IS Aow

JE

BSISO Forecast for 25ep2013-215Sep2013

BSISO 1 BSISO 2
Bay of Bengal ér. South Chlna .,ea N. Cast Asia . S. Bast Asia
........ | [ Y IR i e R S TR |
—aJ —JITw
\\ Phase 7 Phase 6 // [ 1~ Phase 7 ! Phase 8 //
g 3 £ AN C+{ i
] g
- —24 Y s =
& g :E 2 =] * : s ; L
= - 1 ~ s L
£ EmE | gl
[ SR - EE: L
A= [T b Y L -
= = 4 B
o £ Eo E 2
vz 28 2
= = 50 ¢ 0 20 g -
s ks ) g
g a B &
£ g o ] ol B
L g 1 = -
2 & g 2 g 1 @ fEbp g
i | ~ w
E 3 s 12 | B ® b
=] - = 4= # ~ W |
B 5 g 27 s ~ r
= 1 Sep” Y
g E sy ; N
AY ey Y
. Phase 2 Fhase 3 . e Fhase & | Phase 3 .
37 T T T T T e T
-3 -2 -1 0 1 2 3 -3 -2 -1 ¢] 1 2 3
Indian Ocean & Fast Asia Philippine Sea India & 5.China Sea
Normalized PC2 Normalized PC4
mm Re-—analysis B fnsemble Mean
()] e 50 mmm (- 14¢d —— 15—-19d

I3 3.23 BSISO phase diagram for forecasts initiated from 2 SEP, 2013.
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BSISO Forecast for 5Sep2013-24Sep2013

Same as Fig. 3.23, but for 5 SEP, 2013.

BSISO Forecast for 12Sep2013—-10ct2013

Same as Fig. 3.23, but for 12 SEP, 2013.
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J2 3.26 Probability forecast of heavy rainfall determined by predicted BSISO indices for Sep.
2013.
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3.1.4.4 Case Study Evaluation
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™ 3.27 Probability forecast of heavy rainfall determined by predicted BSISO Indices and
observed precipitation anomalies for Sep. 2013.
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Precip. & 850hPa Wind ANO (09-20SEP 2013)

ANO . 9 SEP2012 / \ 10 SEP 2013 AND 11 SEP 2013 ANO 12 SEP 2013
20M

2 6 10 14 18 22
J& 3.29 Observed anomalies for precipitation and wind field at 850hPa during case study period.
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Clim. Probability 90th Extreme (May-Oct)

no LOC
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I3 41 Climatological probability of heavy rainfall during summer. The threshold of heavy
rainfall (90th extreme) was calculated without considering locality.

Clim. Probability 90th Extreme (May-Oct)
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J3 42 Climatological probability of heavy rainfall during summer. The threshold of heavy
rainfall (90th extreme) was calculated at each grid point.
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OBS Forecast Skill
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I3 43 Forecast skills of heavy rainfall probability estimated by observed BSISO indices, which

were considered as a perfect model.
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¥ 44 Sensitivity analysis of BSISO strength for forecast skills of heavy rainfall probability
(for example, ECMWF forecast).
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I3 A1 Probability of heavy rainfall occurrence according to each of BSISO1 phase during MAY.
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I8 A21 Relationship between BSISO and ICMI3 (box plot) and composite maps for OLR
(shaded) and 850hPa wind (vector) anomalies when BSISO phase has a distinctive relationship (red
box) with ICMI3 during May.
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I3 A22 Same as in Fig. A2.1, but for Jun.
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I8 A6 Relationship between BSISO and ICMI4-1 (box plot) and composite maps for OLR
(shaded) and 850hPa wind (vector) anomalies when BSISO phase has a distinctive relationship (red
box) with ICMI4-1 during May.
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I3 A28 Same as in Fig. A2.6, but for Jul.
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J3 A2.12 Relationship between BSISO and ICMI4-2 (box plot) and composite maps for OLR

(shaded) and 850hPa wind (vector) anomalies when BSISO phase has a distinctive relationship (red
box) with ICMI4-2 during Oct.
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I3 A32 WEEK-2 Forecast skills of heavy rainfall amount estimated by BSISO forecast indices
using BOM. The skills were calculated for dichotomous forecasts.
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J3 A33 WEEK-1 Forecast skills of heavy rainfall amount estimated by BSISO forecast indices
using BOM. The skills were calculated for multi-category forecasts.
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BOM Forecast Skill for WEEK?2
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J38 A34 WEEK-2 Forecast skills of heavy rainfall amount estimated by BSISO forecast indices
using BOM. The skills were calculated for multi-category forecasts.
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A3.1.2 CFS
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I3 A35 Same as in Fig. A3.1, but for CFS
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Same as in Fig. A3.2, but for CFS
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CFS Forecast Skill for WEEK1
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a2 A37 Same as in Fig. A3.3, but for CFS
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O3 A38 Same as in Fig. A3.4, but for CFS
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Same as in Fig. A3.1, but for GFS
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GFS Forecast Skill for WEEK2
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J% A3.10  Same as in Fig. A3.2, but for GFS
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J2 A3.11  Same as in Fig. A3.3, but for GFS
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GFS Forecast Skill for WEEK?2
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J% A3.12  Same as in Fig. A3.4, but for GFS
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Same as in Fig. A3.1, but for CWB
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Same as in Fig. A3.2, but for CWB
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CWB Forecast Skill for WEEK1
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J2 A3.15  Same as in Fig. A3.3, but for CWB
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CWB Forecast Skill for WEEK?2
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BOM Forecast Skill
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J% A3.17  The Brier skill score for probability forecasts of heavy rainfall estimated by BSISO
forecast indices using BOM. Lead times and methodologies for making heavy rainfall forecast are
shown in the upper left and right of each panel, respectively.
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J2 A3.18  Same as 13 A3.17 but for CFS.
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GFS Forecast Skill
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J2 A3.19  Same as 13 A3.17 but for GFS.
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J2 A3.20  Same as 12 A3.17 but for CWB.
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A3.3 BSISO 210l M2 =2 &= O2 HE

BOM Forecast Skill
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J% A3.21  The BSS for probability forecasts of heavy rainfall estimated by BSISO forecast indices
using BOM. The BSS was validated on each phase of the eight BSISO1(upper panel) and BSISO2(lower
panel) phases. Red(blue) bars show distributions for WEEK1 (WEEK2) lead time.
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CFS Forecast Skill
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J8 A3.22  Same as J2 A3.21 but for CFS.
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GFS Forecast Skill
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J% A3.23  Same as J2 A3.21 but for GFS.
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