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ABSTRACT

The goal of this project is to provide the better forecasts for BSISO. To do this,
we have tried to improve the recognition of the value of BSISO data by investigating
how to apply and interpret it in terms of the genesis of tropical cyclones over the
Western North Pacific (WNP) and the variability of temperatures, especially Korean

heat waves, over the Asian monsoon region.

There were BSISO phase preferences in the genesis of tropical cyclones in the
WNP region and the occurrence of heat waves in Korea. From Jul.-Oct., when
BSISO1 is in phases 5, 6, and 7, and BSISO2 is in phases 8, 1, and 2, it could
influence the large—scale zonal wind related to the monsoon trough, which could
contribute towards creating a synoptic—scale environment favorable to the genesis
of tropical cyclones in the WNP.

In terms of the heat wave that occurs in Korea in July and August, BSISO1 in
phases 6, 7, 8, and 1 and BSISOZ2 in phases 1, 2, 3, and 4 could intensify convective
activity over the western Pacific. This convection could contribute towards creating
Pacific-Japan pattern and North Pacific pattern, especially east-west elongated
anticyclonic circulations off the coast of East Asia and the Bering Sea, which could
in turn lead to the long-lasting heat wave.
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Figure 1. Strategy for practical use of BSISO forecast for the better information.
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Table 2.1. Details of the ECMWF model for BSISO operational forecast.

i i . Update .
Institute Model Ensemble Size | Forecast Period B Resolution
ECMWF
MWE E bl , T639, 1319
ECI ppssgioﬁ 51 32 days Twice per week U5
System

22 U5 A=

221 HS TY XM=

H oALo A ARESE A7 A== International Best Track Archive for

Climate Stewardship (IBTrACS; http://www.ncdc.noaaa.gov/ibtracs) v03r09
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Figure 2. Monthly number of tropical cyclone occurrence over the Western North Pacific during 1981~2010.
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Figure 3. Location of tropical cyclone genesis over the Western North Pacific for JASO during
1981~2010.
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BSISO7} &I off f1o] whet FefA7] T 55 Ueiith BSISO1< Phase
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Aoz HIHS| dojyttt. 19 42 BSISOZ} oFet wjof| H|siA| BSISO7} 4 wjo] At
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A% phase preferenceE SRIT = UHLH 6). BSISOY thF X Ho] AJejg o]
IA3F Phase 8,1,2 & o ArhA7|42] WYEHE0] =oMA= W 117|944 <=8to] A
Bl ol Sli= Phase 3,4,59] %ol GiA7IY T o] JAHt

Table 3.1. Probability of TC occurrence when BSISO is active.

Phase BSISO1 BSISO2
1 0.13 0.21
2 0.13 0.20
3 0.1 0.14
4 0.18 0.16
5 0.25 0.15
6 0.24 0.19
7 0.21 0.16
8 0.16 0.21

Probability change of TCG

40 9 mH BSISO1 -
| EBSISO2 i

20 —
o :
-20 __ __

I I 1 1 I 1 I 1
PA P2 P3 P4 P5 P6 P7 P8

Figure 4. Probability change of TC occurrence in each of BSISO related to non-BSISO state.
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Figure 5. Composite anomaly of Tropical Cyclone Genesis Frequency (TCGF, shaded) and Outgoing
Longwave Radiation (OLR, contour) for BSISO1 in JASO during 1981~2010.
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Figure 6. Same as Figure b, but for BSISO2.
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Ritchie and Holland (1999)& 515 7] S50l 7|5t} AR EF A HoflA &
Aot oA 7]de] ¥S 571K EX4J(Shear Line (SL), Confluence Region (CR),
Basterly Wave (EW), Monsoon Gyre (GY), Pre-existing Tropical Cyclone (PTC))
oF & AUH™ 7). oI ¥ SL, CR, GY H¥2 25 7|43 =io] e
& 719ES QA7 Adsketl 78 24 9] eoltiGray, 1968, 1998). =

9= Aot diid 189S SHoE BARS 5159 A7 <8 459
Pikrzo] o3 QoA b7 TS ] fEfstal leAtelut HiwolAFE L] o
&= Wol U2 2= 7|90l 8f Rt FASS ¥ &eE S7HAIZIA EHaL

M r

mE

A%t okws 7] £ AS71HE GEstel o AV B 2 A4S AT bt
(A 5, 2017). SL 81L& 24 7|98 oie} S vlAo] #7|944 Aloj& 7FATh

CR #el2 &&= AEY 53°] TFoke Adolth

= &

19 82 Fdf| 7] TR0l P32 F= BSISO phase E(BSISO12 Phase 5,6,7;
BSISO2% Phase 8,1,2) 9] 3k vlFY o2l S eRATE BSISO1S 9 phase?l
56,7001/ A o2 M2 A7|94 ol D7} phase?] o]0l wet At H-5%15t
+ Y= ERH Phase 594 = AMEiEoIM= AdxAtoly HHEoAf e 5&0=2
AL A7IWA ol 7t Woluet GY sfglo] SUEEelA= EWS] sfjglo] Kel
t}. Phase 63} phase 79 SYEIHYNA CR IE-E, phase 72] AEjEF] SL s
o] Yepdtt o]= Yoshida et al. (2014)2] A3t Attt BSISO2+= F&F phase
21 81,2 oA phase?] ol&°] wet ot A -F50=% 7]=0lZ FHQ| A7|YA oke
D)7t BEASHAA I E7F FHAF Aoty AR SL "o HojX|1l SYEE
oA AA7IY S7h= EW TiEl] FFo g H]lck A= JohiA7| 8t B4
& BSISO phase &<t BSISO & E<7|423 I=AH dit% A v 93RS
= o QA ols FUiAIY A At T R e T==d 719

o}
(Yoshida et al., 2014).
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Figure 7. A schematic image of the five flow patterns contributing to TCG based on RH99.
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Figure 8. Composite wind anomaly at 850 hPa and the frequency of TCG for favorable phases of BSISO
in JASO.
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3.1.3 BSISO 7|2k WNP ISGPI 7H

FHA7IHS Eol A QoA di7]-siF deAtE o= TSk RS A7 AlAE
O =4 BSISO HHEE &8st A7 TS F4517] HshiA= duA7Id=S 48
FHoZ Yeld 4 Y= X HHS)7F ZR351tE 2018 Moon et al.(2018)& 7o
A RO A 71YE HIH5HE Genesis Potential Index (ENGPDQ] SHAIE E
ot AW AR R4 A7 Y] MsS Agetely] flste] BSISOE &-&3t
ISGPI (Intraseasonal Genesis Potential Index)& 19ttt 12y o= EXb
o542l 58~10¢ 5t Ao s AANA EYs= EWXV]O}OH tisiAf 7 A
FEpA A quitt AJolgt 7198k B4 AEA E4E 2 HY
UL EAEEF] 85 FeiA7Ido] BIHE] EAsk= 7172 7E~10¢¥0]aL ofF
25 S5 F9F0] v 9ol dojubs E4S 7L At EEF X AT 23
(Hung et al., 2016)°] k=™ FAEjggolM2] BF W W= BSISO29t BH3] ¥
#xjo] 9lo] BSISO19] FaFyto] aefH ISGPI2] 7i4lo] Pastet. maba] & dAtolA=
BSISO9] impacto] 12E A EEY Ao 3t A7 A4=%1 WNP_ISGPIE
ST,

3.1.3.1 WNP_ISGPI 7{&

AEjEeko] X9 EslE ISGPIE /futels IS 7| 22A 02 Moon et al.(2018)9]
LEAIAE Tith 119 994 Hojxl= ZAE duiA7Ige] HIHs] Igske A9=
10°x5°9] 267 AAt=E F&otct. WA BSISO13 29] 1670 Sl gt Ao A7]%t
YEAIYI T (Tropical Cyclone Genesis Frequency, TCGF) €437 sl o] 2671 ZA}2]
Y Hot S 4282 YGshH S 416708 phase x 2 BSISO modes x 26 grids)2]
AlEo] RFEolRt) 11 & IfA7IY EAe Y& & 5 AUe TV BSEER 3.2)
i3l BSISO Vol wet 78 742 4% § TCGFF £42 H4los &S &
Hath TCGF=Z HE &S S5HSE 7oL YmA] 77H4] 5] &2 539
T2 & F step-wise linear regresssion 7|3} F-testE AR&olo] WNP_ISGPIE

At o A FE0I50 A7 TS 24T 5 Qe 7Y SEFIAETS

=
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TCGFeRe] ohite] A A & 3.200 Yehlla e oz A9d AxEw
WNP_ISGPIE Atslk= 412 # 33014 & &= itk ] 7FA] ¥4== 500 hPaolAl 9]
AZ)&, 850 hPa 9] AR, 200 hPaz} 850 hPa Alo]2] 1] Aoi(VZS), 181
6000 hPa °fA9] Aigteoltt. v 7HA] IR TCGFo] £t A4 A== 0.75°]H.
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Figure 9. Total number of tropical cyclone genesis during JASO of 1981~2010. Box(10°x5°) indicates
the selected locations of samples for stepwise regression analysis and matches high
frequency region of tropical cyclone genesis.

Table 3.2. Correlation coefficients between 7 candidate factors and the tropical cyclone genesis
frequency (TCGF) anomaly as well as between each of the two candidate factors. The bold
indicates statistically significant number at 95% confidence level.

TCGF Vzs w500 Crss0 RHy,, Vs U,sso Upsso
TCGF 1.0 -0.17 -0.72 0.69 0.57 -0.52 -0.17 -0.67

Vs -0.17 1.0 0.28 0.06 -0.50 -0.16 0.36 -0.04
wd00 -0.72 0.28 1.0 -0.80 -0.89 0.66 0.39 0.79
Grs50 0.69 0.06 -0.80 1.0 0.53 -0.79 -0.01 -0.91

R Hyy, 0.57 -0.50 -0.89 0.53 1.0 -0.39 -0.49 -0.57

Vs -0.52 -0.16 0.66 -0.79 -0.39 1.0 -0.16 0.77

Uso | =017 | 036 | 039 | -001 | -049 -0.16 10 0.01

Upsso -0.67 -0.04 0.79 -0.91 -0.57 0.77 0.01 1.0
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Table 3.3. Complex correlation coefficients from stepwise selection of the influential factors for BSISO
index and the multi-linear regression equation. The regression coefficients are normalized
to reflect their relative contribution.
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Figure 10. Composite anomaly of OLR (shading) and WNP_ISGP!I (contour, blue indicates positive
anomaly and red indicates negative anomaly) according to each phases of BSISO1.
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Figure 11. Same as Figure 10, but for BSISOZ2.



Table 3.4. Distance between TC genesis location and WNP_ISGPI center.
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Distance (km) Average Minimum Maximum
For all case 497 " 954
For active BSISO 497 1" 954
For non—active BSISO 482 77 780
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Figure 12. Graphs of TC track forecast error from operational forecast center Lead-Time Met Office,

ECMWF, NHC, JTWC and DTC.

Table 3.5. Categorical contingency table for binary event.

Observed
Total
Yes No
Hits False Alarms Forecast yes
Yes a b ath
Forecast 5 L
No misses Correct rejections Forecast no
c d ctd
Total Observed yes Observed no N
atc bt+d atbtctd
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Figure 13. Case of TC Rusa (2002) showing its observed track and genesis information. Retrieved from
www.weather.go.kr/weather/typoon/typhoon_06_01.jsp.
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Figure 14. Case of TC Rusa (2002) showing the positive value of WNP_ISGPI (shading) and observed
location of the TC Rusa genesis (black dot). The difference of distance between real genesis
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location and the center of positive area in WNP_ISGPI is about 218 km.
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Table 3.6. Distance between TC genesis location and the center of WNP_ISGPI monitoring.

Distance (km) Average Minimum Maximum
JASO 478 9 912
Jul. 447 99 870
Aug. 473 9 912
Sep. 514 193 873

Oct. 484 208 827
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Table 3.7. Probability of detection for the location of TC genesis using WNP_ISGPI monitoring.

POD

JASO 0.34
Jul. 0.33

Aug. 0.35
Sep. 0.34

Oct. 0.33

Table 3.8. Pattern correlation between Observed ISGPI and Monitoring WNP_ISGPI for JASO period.

Pattern Correlation

For all case 0.32 (677)
For active BSISO 0.43 (235)
For non-active BSISO 0.06 (109)
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Figure 15. Correlation coefficient map between real WNP_ISGPI and monitoring WNP_ISGPI for JASO
and each month over the WNP region.
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Table 3.9. Area averaged correlation coefficient between real WNP_ISGPI and monitoring WNP_ISGPI
for JASO and each month over the WNP region. * indicates significant value at 95%
confidence level.

aave(Corr)
JASO 043"
Jul. 042"
Aug. 044"
Sep. 042"
Oct. 040"

aave [0-25N,110-180E] = 0.51
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Figure 16. Probability of detection map between TC genesis and monitoring WNP_ISGPI for JASO over
the VNP region.
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Figure 17. Distinctions of TC genesis between Elnino year (2015) and Lanina year (2016). Retrieved
from www.weather.go.kr/weather/typoon/typhoon_06_01.jsp.

Table 3.10. Correlation coefficient between the number of strong BSISO day in each phase and Nino3.4
index for JASO. * indicates significant value at 99% confidence level.

P1 P2 P3 P4 P5 P6 P7 P8
BSISO1 -0.05 -0.06 -0.34 0.03 -0.12 -0.32 0.18 0.27
BSISO2 | -0.20 -053° | 044 0.00 -0.14 0.37 0.48' 0.26
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Figure 18. WNP_ISGPI forecast for 2016 TC CHANTHU genesis.
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(d) WNP_ISGPI (FCST.L12)
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Figure 19. WNP_ISGP! forecast for 2016 TC Mindulle genesis initiated from 1% of August.
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Figure 20. Major atmospheric structure during heat wave event in Korea, (a) Wave type, (b) PJ type

and (c) NP type.
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Figure 21. The number of heat wave days in each phases of BSISO for July-August during 1981~2014.

Figure 22. Composite anomalies of OLR in the influential phases for the case of strong BSISO1 and
heat wave event (a)~(d), strong BSISO1 and no heat wave event (g)~(h), weak BSISO1
and heat wave event ()~()) and weak BSISO1 and no heat wave event (m)~(p).
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Figure 23. Same as Figure 22, but for geopotential height at 500 hPa.
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Figure 24. Same as Figure 22, but for zonal wind at 200 hPa.
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Figure 25. Same as Figure 22, but for 2m temperature.
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Table 3.11. Sample size of each case for BSISO1 in composite analysis.

P1 P6 P7 P8
CASE1 15 16 34 26
CASE2 67 51 7 96
CASE3 4 6 7 1
CASE4 31 44 31 4

Table 3.12. Sample size of each case for BSISO2 in composite analysis.

P1 P2 P3 P4
CASE1 17 19 18 22
CASE2 123 87 57 79
CASE3 9 13 8 10
CASE4 38 40 35 59

;%; ’
Gﬁ‘im IPnasei M1

| I | | |
-60 -50 -40 30 -20 -10 0 10 20 30 40 50 60

Figure 26. Composite anomalies of OLR in the influential phases for the case of strong BSISO2 and
heat wave event (a)~(d), strong BSISO2 and no heat wave event (e)~(h), weak BSISO2
and heat wave event (i)~() and weak BSISO2 and no heat wave event (m)~(p).



3. gue | 43

Figure 27. Same as Figure 26, but for geopotential height at 500 hPa.
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Figure 28. Same as Figure 26, but for zonal wind at 200 hPa.
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Figure 29. Same as Figure 26, but for 2m temperature.
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Figure 30. Phase diagram for Korean heat wave case in 1994,
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2018 Heat Wave
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Figure 32. Phase diagram for Korean heat wave case in 2018.
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Figure 33. Anomaly of 2m temperature, geopotential height at 500 hPa and OLR for Korea heat wave

case in 2018.
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Figure 34. BSISO forecast for 2016 heat wave period.
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