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ABSTRACT

The objectives of this study are to improve BSISO forecast skill by developing
MME method and to provide more updated BSISO information by setting up a stable
operation system.

Regarding the development of BSISO MME method, the Simple Composite Method
(SCM), Simple Linear Regression Method (SLR), and Multiple Linear Regression
Method (MLR) are used as linear methods, while the Genetic Algorithm (GA) is
utilized as the non-linear method. Four operation models are used when applying
the MME method. The number of available forecast samples was 46 days with
a 151 day data window. Pattern correlation, Hit Rate, False Alarm Rate, and Bivariate
Correlation methods were used to verify anomaly fields and BSISO indices. The
MME performance in predicting the BSISO varies with the methodology. BSISO
MME indices are able to be well predicted with a 1 week to 2 week forecast lead
time. SCM has the best performance in predicting BSISO indices and its skill is
comparable to the best performance of a single model. Calibration can help to
improve the accuracy of OLR and U850 anomalies. Application of an optimal technique
for each variable may be needed to produce more skillful BSISO indices.

For the BSISO operational work, the observation data is changed from NCEP
Reanalysis 2 to NCEP Reanalysis 1. This change provides more stable and up-to-date
monitoring and forecast information by cutting the gap between the date of the latest
observation and today's date from 7 days down to 3 days. In addition, BSISO monitoring
indices are able to be downloaded from the APCC webpage, which is more user
friendly. Taiwan CWB's forecast model has joined in the BSISO forecast activity as

a participant and its forecast service has been available from May 1, 2015.
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1. M2

oJaka] S o] 83 71Tl 7% TR %oﬂi 2ol BE ofst &
S 49 AFH 24 7H3 Uk oHT 22 AAS F2 wHo] 73
ol BT 27gke) S WRolt, A g8t mEo] 2 gl o]t
AR AL A o] Xk cZ] A Basl] $iste] mdl ye] &
St ofsh- A AN 9 27240 BE PR Solt thERUGAE

(Multimodel Ensemble, MME) ¢f|& %o YUt} w]o] ARRE|3L @137 (Krishnamurti
et al., 1999; Peng et al., 2002; Yun et al,, 2005), MME ¢|&7|&o] ¢t md-S:
AREE off o} oF9] A SRS Y A 4 s EIH E YA Qltk (Barnston
et al,, 2003; Palmer et al,, 2004; Hagedornet al., 2005).

71 A A Tl i M ] 1014 A ) el
adgslol g ois] swanket 52 EAS ol Bisks ikl A ofs
ol FAU HE thH] 2 aNE ES 5 e 7ol A Utk (Kharin and
Zwiers, 2002; Peng et al,, 2002; Hagedorn et al,, 2005, DelSole, 2007; Weigel
et al., 2010; DelSole et al., 2014). AAY A7k FRo|A 71 & HEAS el
+ AAY Z= (Intraseasonal Oscillation, ISO)o| taj4]= MME <5-7} ISVHE
(Intraseasonal variability hindcast experiment) TZAEZE E35j] 4~3) = u} ¢}
o} o] ZZAENAE 7JE B0 TUSt 7[EAE F= W] (Simple Composite
Method, SCM)S EHE3IT o LFL oSS Tolueii Aws 24e] 4ss
ol YL Aldelo] SCME HEel%T} (Figure 1),

MME 7ol theh 2|&4¢l 7jAdE S8 B U2 58S ¥
et =t A7F asio, Aol RS St PE S s el He
Qb TS MME 7] 7y} FRbE]of o] Rojx|al QA oy A5 Fol L avE
Q]&3}ar Qlth(e.g. Doblas—Reyes et al,, 2005; Hagedorn et al,, 2008), 13X
2 ud oF Zg 9 7PERE 7= S0 gigk ofsiE 7IRte R o520 A% W
HETE ofyet d-5 SAA B 7 A LE AS7sS ANEshs Ao
A AelA 7 dagt FabAlet sl
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Figure 1

Multi-Model Ensemble skills for Madden Julian Oscillation (MJO) from Intraseasonal
Variability Hindcast Experiment (ISVHE).
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2. gt Atz A U
2.1 BSISO Y Of|=oi Cist MME 7| XHE H 7H%

211 Ok 2 Zgt 7| HE A e

AT clZold 2 AFEEo] £ HF-HAY MME 7HES $40% BSISO
MME of520] £ 754 €1 9 71 42 solst sjslel, 413 Ao
2+ Simple Composite Method (SCM), Regression Method (Simple Linear
Regression (SLR), Multiple Linear Regression (MLR))?] AR5l H]AE 7|
O 2X Genetic Algorithm ©] &= %It} (Figure 2).

MME 29 A] S, SRl 1dRAE, v aEe) g my
S25E AL oS A=E ARl S 47 Rl EEE I MME 71§ A8
Al ZH83F o= sample®] 4= BSISO 9= A o] A2 20139 79 1€HE 2015
5] % 30 46Yo|H, sample A1 A] 7}H85F = Ql= wEl5o] I EF 07 71X
A= AS A= disiAnt szt skt (Figure 3). F=7148742 20159+
E1 M2 A 2EE =915k sample o 4 Al oS AHR 9] /o] HolA
A LI A7
oW 8 oA s0i5vtel B Eelslel sample 48 WEAZIA % o
MME Hl Zdlof A A<= i},

- 1=

Figure 5= MME 7]%] 2§ A] AM&3 o3 270 tf3ll data windowS 43}
£S48 g Tt ofslE B $3) dlE4 20154 69 44 _%7]i]§
7= o) &S AEstgitt ElAlo] Hl= 69 42 9] o)A 3021} o]
WA Aelslar 7t suicke] g 7|7t oS ARE VA ddz o
windowE /d5Ath o|F A ¥E01%] data window+= X[ 15142
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2.1.1.1 Simple Composite Analysis (SCM)

7150 S0l 71 R 02 2olal Qli= MME 7|2 ARGH = R 558
}EAE Fol AXSHE SCM 7IHolt). Figure 62 SOM WHS =48} 3 9o
A MIE o]249] 5357} 5 20159 63 49l ol o} 7t 5ol o
=a 9] Ak Botshe S e o ]'ﬁ ot A2 WA ggteial
gEAOR 7 Wit o 52 Teojlie AAE e WhHolEkal dHA Sl
(Kharin and Zwiers, 2002; Peng et al., 2002; Hagedorn et al., 2005; DelSole,
2007; Weigel et al,, 2010), Z18]1l DelSole & (2014)9] &JalH AR 7|, 7
of QolA T THAIE F= MME HAS Bl s & 5 Qle HAe] 7122
AR oF 17%, Zd= SA19] oF 90%7} s drtal gtet (Figure 7). & o3t
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2.1.1.2 Simple Linear Regression (SLR)

2.1.1.3 Multiple Linear Regression (MLR)
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—_ ]v R—
Sit)= 0+ Y, aq,(F(t)—F)
=1
7+ n g o] 71=22]E 18 ] SVD (Singular Value Decomposition) W42 ARE-
sto] A 7b0] WA T WAL BolhnA S L A T3 2 (Yun

et al,, 2003; Krishnamurti et al,, 1999).

G, = (UVWT)z‘,j = Z wy, Uy, Vi,
k=1

2.1.1.4 Genetic Algorithm

715 Ala"l 4 84E 1He] 5349 Aokl ofs 2z o= g,
AlolS4ds 7HAAL Qleh 2R ER 7|2 FAA A WHrte g 7% oS54
= FAPPI0llE dAE TR RR BlARAS LES el Eastal, O 5 T
de] 2olal Rl 71l 4 dale|E(Genetic Algorithm)S & ArollA g3}
A g A dare|geld A Asd A0l 1lgke] HElE ¢ard
< FHIE 2Ey g 24 FAHolt(Holland, 1975). 4 B Z2AA= F7
z71%}, Ae 7ol YA, wbl, EdRo)), E oA Aot ke 48
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Table 1 Details of available models on BSISO operational forecast
U
Institute Model Ensemble Size Foref:ast pdate Resolution
Period Frequency
Climate T126
Forecast 4 40 days Once a day Led
System
NCEP Global
ova T574, T190
Forecast 1 16 days Once a day Lok
System
POAMA 2.4 47
BOM multi-week 33 40 days Twice per week 117
model
ECMWF
Ensemble . T639, 1319
ECMWF Prediction 51 32 days Twice per week L2
System
60k
UKMO MOGREPS-15 24 15 days Once a day I_7g]
) T119
Taiwan CWB | CWB EPS T119 b 40 days Every 5 days 130
Combinatio Verification

( Simple Composite Method )

( Simple Linear Regression )

( Multiple Linear Regression )

C

Genetic Algorithm )

Figure 2

Spatial Correlation

Hit Rate, False Alarm Rate

Multi-Model combination and verification methods

Bivariate Correlation

Bivariate RMSE
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ECM BOM CFS
2014-05-01  2014-05-01 2014-05-01
2014-05-02
2014-05-03
2014-05-04 2014-05-04
2014-05-05
2014-05-06
2014-05-07
2014-05-08 2014-05-08
2014-05-08
2014-05-10
2014-05-11 2014-05-11
2014-05-12
2014-05-13
2014-05-14
2014-05-15 2014-05-15
2014-05-16
2014-05-17
2014-05-18 2014-05-18
2014-05-19
2014-05-20
2014-05-21
2014-05-22 2014-05-22
2014-05-23
2014-05-24
2014-05-25 2014-05-25
2014-05-26
2014-05-27
2014-05-28
2014-05-29 2014-05-29
2014-05-30
2014-05-31

GFS
2014-05-01
2014-05-02
2014-05-03
2014-05-04)
2014-05-05
2014-05-06
2014-05-07
2014-05-08;
2014-05-09
2014-05-1
2014-05-11
2014-05-12
2014-05-13
2014-05-14)
2014-05-15
2014-05-164
2014-05-17
2014-05-18
2014-05-19
2014-05-2
2014-05-21
2014-05-22

2014-05-05

2014-05-08

2014-05-12

2014-05-15

2014-05-19

2014-05-22

2014-05-26

2014-05-29

Figure 3 An example of selecting sample data used for
during July 1, 2013 ~ Sep. 31, 2015

May-Oct daily OLR
(outgoing longwave radiation)

May-Oct daily U850
(850-hPa zonal wind)

Removal of slow annual cycle & interann
ual anomalies

Normalization of each field

ASM Standard deviation is 27.58 W m™ for OL
R and 3.62 m s for U850

Multivariate Empirical Orthogonal Fun
ction (EOF)

BSISOL1: the first and second E
OF modes

Canonical Northward Prop
agating Mode

BSISO2: the third and fourth E
OF modes
The Asian Pre-Monsoon a
nd Onset Mode

Figure 4

*1Y.Llee

2013.07.01 ~2015.09.31

48 days

real-time Multi-Model combination

@ Multi-model Ensemble

@ Verification

(®Calculating BSISO indices

@ Verification

Analysis procedure for producing real-time MME BSISO indices
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Figure 5 Schematic diagram of consisting data window for calculating MME coefficient. An
example of target date with June 4, 2015
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Figure 6 Simple Composite Method for the forecast on June 4, 2015
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T2m (NDJ ) Precip (NDJ)

T2m (MJJ) Precip (MJJ)

EW UEW EW UEW

Figure 7 Results of testing the hypothesis of equal weights on hindcasts of 2m-temperature
(precipitation) from five models in the ENSEMBLES data set over the period 1960-2005. Bule shading
indicates regions for which the equal weighting hypothesis is rejected at the 5% significance level for
November-December-January and May-June-July. Grey shading indicates regions where the hypothesis
of equal weights could not be rejected. The fraction of global area for which the equal weighting hypothesis
is rejected is 22% (12%) and 23% (10%) for NDJ and MJJ, respectively. from DelSole et al., 2014.
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Figure 8 Simple Linear Regression Method for the forecast on June 4, 2015
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Figure 9 Schematic diagram on Genetic Algorithm
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Figure 204 H3zo| g U Eo] o] Fofx|iL U 7HE9] o& 45 Bt
= 98 A% 3AHS AAA Ho}, 71EF o g BSISO ol 2|47 AL B apge
Figure 49} 2t} 72} |9 RUlE2HE AARIo = ARFgu-EAHOutgoing Longwave
Radiation, OLR)®} U850°] 40| ¥ op=Tre] S A4kt 7 w|2] Al4HE EOF
1ol projection A|A A5 A4S ), 18R oY et & ¢ Y=
OLR¥} U850 of=ra] Zo] AsHlo} A3t BSISO |42 1L 2=t} g ag
2 Aol A= WA OLRY} U850 tisiA] MME 7|HE= 218 3 5 22| 51t

ol digt o5 s B7HE gtk o] MME 7[R = BSISO A& ALlstal YA
¥l BSISO Ao tigt H5= skt 282 = {52 OLR, U850°f thet &

I A5} BSISO Al A% F+ YA e & 4 QU

N

ol

RS

3

21.21 37 4

Ol

OLR} U850 oeakelo] chat 371 AZoIM A 13 AR Roolth 371
A} Hit rate, False Alarm Rate Al 7}A] 7|¥Ho] #HZof AREE| It} (Figure 2).

2.1.2.2 BSISO x|~ AS

BSISO A|4=of gt MME 7|¥ ¥ o= 52 H7}=S QJ3l|A4] Bivariate Correlation,
Root Mean Square Error, Amplitude error, Phase error, MSSS 5°| &&% 3oL}
ZA1}2 = Bivariate Correlation®} Root Mean Square Error?hHS AA|SHATH

(Figure 2).
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Figure 10 Comparison of OLR forecast anomaly from single models and SCM issued June 4,
2015 at the first lead time
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Figure 12 As in Figure 10, except for the third lead time



3. HFUE

312 &

Figure 10~12°14 UebdH AyE & o AF2 o= Brstr] $Isto] Hit ratet
False Alarm RateZ AN}, @l=eke] 1~169] s 7F-E 4= 9l= sample
data AAE AFEsGTE o] d 3EY 9|E 7|52l below normal, normal, above
normals AHsh= YA Z= 2 7He|ale| 7} 33%9] SHE= 7HAIA| 0.53419] #&
A ALBBICE it Ratel B0l AT Het welo] ofEat T v
Aol =t & U4 o=go] 43lttal & 4= @la1, WHH False Alarm Rate+
HSol A TAYSHA] oh2 Sl HollA] oS3t Sla=9] Bz Fojun, Fho] A&+
5 WY oS sElo] fpsitial & 4= Utk Aas2 okkeEE] A7 thgt el
o] AZ = E ou|gtct Figure 132 71 = FEERY 149 gt OLRY] Hit Rates
HojEr diAlz v 2eSo] MME Hop o et ofee] & 7= 2o U
Ehba glof MMES] AFE Flejs] WSt

°] scoreE 2 B|=ErQIuitt H7F Hatsto] oF w0l & o= A A 2 AnE

Figure 1404 Hojgrt, 24 4

Apolct, EER] Ante] AA tiA 2 @ BHlo] scorer}

o] A}, d¥kd oz MME A4 A] ofera]e] 3]} Wso]
& Hol=t olEfet Aol & Aol v ot

Figure 1594+ ofi=He] ZfEl 9] F71H4 SAAS el 4= 9= & LA
AXHALE, SOMo] o] SES alZshat] QlolH 4 £ A7% AT 1
S 07 GA 7|Ho] 45t HE MME 7|HEQ Aso] /M o o2AgLsg

ZHAAL Qs BE (best T KE)oll= w[A]A] Fk= obaf=ol UAIRE SCMo|u

GAZ T3 Al Uojx) T mESHCE T4 2 ofF S /M 4

olefat BIHE-E 1T BSISO A4S ALK ¥ A)20] st 4ES S5,
Figure 16 BSISO1T} 20| e} o] e ALiA4-2 2l =erqlde Urehioiey, MME
7R E7E HlaLe] QlojAli SoMo] 7P 943t A2 7R3 e,

ksl o =9 7|Fo 2 FHE w SCM2 BSISO 1 (BSISO 2)-& ¢F 13,5 (9
o] o2 A8 7hAth SOMo| best S Bdu} AZuE AEo| o2 A2
W4T QlonE SOM 7]Ho] BeH ohewe] o) RYTHL 27

i
ox
rJ
DR )
P
—~ O
at
i

(o]
=

3
i
=
i}
L e



| GIEE AIRUY TS olF AlAH JHM (T) : CEREYYE o=

< A5 24 lﬂi & qioh kAl opiedhe] Ao SCM 71¥E A8 $ SLR

Figure 172] ()olA] BAE SCM ofie'de] A9] o A5 3918 4= 9]
ohw-ra] &Fo] sfAle] W2 Algpal o HAZE] FAFS WolEth Ut of
ECMWF2] XL.o] 55 d7]ol= et 9l ottt B SCM ohieTe] 2]
AFt 7ke B A A 0] SCMI} GAFSE 2520] AL} (OLR), SCMO] o|&A4S =0l g|i=
tha F=3lo] Q1]lt) (U850, Figure 18), o274 EAE SCM ofi=te|A-2 BSISO
Aleofl gt ol =of] )lolA SCMI}F 79 Hlsedt s 7L =t ol best T
2 melo] 4L Fol Wi Auke oheks 2L oln] St (Figure 19).

= 4

p

-

o & rr
o

7
L8

ESE OLRY} U850 tsjA] SCMI} GA 7]H4°] 7 43 e 7HAAL S
S & 4 ok (Figure 18). o]7]4] BSISO A& AAF & o z- Hi=nojc} XA 9]
7IHe Ald 3“’\1 5 7HE =83itd o Oﬂx/‘* =2 AHE AT 5 Jogwt

=

_— —

N

)

¥
fr o do = o
o
o =
o
o
o
s
k=l
(1T
:ld
s
2
(e}
3
[\
(@)
=2
>,
fot
E
o
4>
30
_YL

X

)
K
30,
39,
o



3. gaug | 17

(d) GFs (=) SCM (f) SLR

To1 03 05 07 09

Figure 13 Comparison of Hit Rate for OLR among models and MME methods for all sample data
at the first lead time
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Figure 14 Hit Rate and False Alarm Rate of OLR and zonal wind at 850 hPa as a lead time for
all sample case
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Figure 15 Pattern correlation of OLR and 850 hPa zonal wind anomalies as a lead time
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Figure 16  Bivariate correlation coefficient of BSISO indices for all sample case
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Figure 17 Calibration effect on Hit Rate for OLR at the first lead time
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Figure 18  Calibration effect on pattern correlation for OLR anomaly as a lead time
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Same as Figure 4, but for indices based MME procedure
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Figure 23 The dependence of MME prediction skill on the number of model averaged over the
globe (0-360E, 60S-60N). Black, red, and green lines indicate the skill of MMe-EW, MME-MMe-SPPM,

and MMe-SPPM2, respectively, from Kug et al.,, 2008
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Calculate [ BOM ] model

- model available date : 20140925

- observation available date : 20140921
- real-time BSISO prediction date: 20140921

Grid Analysis and Display System (GrADS) Version 2.0.1
Copyright (c) 1988-2011 by Brian Doty and the
Institute for Global Environment and Society (IGES)
GrADS comes with ABSOLUTELY NO WARRANTY

See file COPYRIGHT for more information

Calculate [ ECM ] model

- model available date : 20140925

- observation available date : 20140921
- real-time BSISO prediction date: 20140922

Figure A2 Log file for September 29, 2014 issue of BSISO real-time forecast using NEP R2 as
an observation

MONITORING start: Mon 23 Mar 2015 10:30:02 AM KST
JUGET R1 done: Mon Mar 23 10:32:27 2015

OLR read OK

Grid Analysis and Display Sustem (GrADS) Version 2.0.1
Copuright (c) 1988-2011 by Brian Doty and thE

31906, 45 99%

Figure A3 Log file for March 23, 2015 issue of BSISO real-time monitoring after changing
observed data form NCEP R2 to R1
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Figure Aé CWB's BSISO forecast service from May 1, 2015
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About us Service

6-month Forecast | Past Forecast | BSISO Forecasts | State of our climate | CLK | TRACE

Home > Service > BSISO Forecasts > Monitoring)

+ 6-month Forecast

Welcome to the Boreal Summer Intraseasonal Oscillation (BSISO) monitoring website. The BSISO, one of the dominant
» Past Forecast phenomena over the Asian summer monsoon region, is characterized by northward/northeastward propagation over the
Indian summer monsoon region and northward/northwestward propagation over the Western North Pacific-East Asian
region, including equatorial eastward propagation. This monitoring information is available from May to October.
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Figure A7  Text file link of historical BSISO monitoring indices to APCC webpage
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Figure A8  An example for the diary of operational work
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Figure A9  An example of meeting materials on weekly BSISO monitoring
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Figure A10  An example of meeting materials on weekly BSISO forecast verification
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