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KREmClL, “Data—driven storm surge analysis and improving early warning” SRHL, XA 7 ETHEEIN
TW5s. 1% “Introduction” TIX, BHET ZBAEDOHIIERILO L E = — 2 @RHITATY, BEIC K5 &l &
ZOTRHEANOBRIZOW TR L, HIROERHLIEIEIZONTRRTWS. F£72, Saffir & Simpson (& -
T 1970 FEARITHREB S 4L, KEZ I U DL < OETHRM S TE 72 Saffir-Simpson Hurricane Scale (SSHS) A% 2005
4 Katrina X°> 2008 4% Tke @ LR ICEIAZ BN TR L2 2 EICE AL, BIRS CIIBIECHEATE 2 E8MED
EVEBTAEENFELRNW &0, ZEBERETIAMEDO HISLEREICOWTHR LTS, & 2 &
“Methodology” TIE, 1978 36 2019 I HARIZHER » LRELZBEICSWT, AEAR®mMEZGIEEZ Lk
AT 72O DGR LT — %, MEFE, U BRI OW TR TW5 . B REETREO AL
B LTI, A 23 MR oEToBIT — X 2 A L, GF 117 OB RO & ORECA Uiz @i 20T
L CW5b. 3% “Correlating storm surge height with tropical cyclone forward speed” TIZ, il
L ZENICHELZ RIFTHEROKRNERCHIZERICOWT, BEDOHIETHL NI > TS HIEEH LM,
2725 TRV FEIHDZA L IZOWTEHELSHHAL TV D. 2 oMU L Tl ORF SR X BUEMEAT B 72 B FEAS Oy
T, EEOBFRICESI OMNRZ L, HEMICHL +0 2O EFIZ OV THRIENR 2SN TN L &2
FLTWD. 20O LT, RKFETITEROBEE LRI O 2 DOERZEH TREEICED D Z L 25
ICREL TS, ERRO 117 BRI OWTREOWREZ MRICHEL FHRT, miilomigEm & BBhisE o
P, ANEICE L7l &R BN OWEE T, WoOMBEMEEZRT Z EERFICHL M LTS, £
72, FRCHLDEKENMENERIZENT, AEPEETHLZEE2RLTWND. 2O L) 2l ERTHE L LT,
APEICHE LR T T 7 U R U IR O34, WIE O E TR OXIE AU 2395 Z & 2215 T
W5, B 4FE “Tropical cyclone parameter sensitivity of storm surge in the semi—enclosed Tokyo Bay”
%, U EOREOMEIZEE L T, REBICRIT 5@l EOREETIR 5720, 2017 FI2FA LIZE M Lan 12
DWT, BIIFRAASCEAR S BU k3 2 E AR ATV 72 0T 24T > TV b, B Lan (1 3EHR B E &
e U CH B S IE I IAFIF Ch o7, 2O L 9 BREREERORE SPHEFERN, FROBEIZBWCHERZ
RO DL FENMNZZ LA LN LTS, £, 3 BETRINTZLIE, BHRBIZBONTHHEEDEN
EEVIEIRZ2 LV RIS 2EMICH D EZEEBIIR LTS, § 5 3 “Development of a new storm
surge hazard potential index” TlX, Storm Surge Hazard Potential Index (SSHPI) & \»9 #i7=72 =Wl Hl+s
BEAERLTWS., ZOHFEEIE, Kantha (2005) % Irish and Resio (2010) DFEIETIZEE Sh TV W EE DI
TR & I RAE 2 B8 Lot oBMTHhH Y, BEEREL Y & TRRERS N L2 R LTWA. E72, #
FERECIT A EARICE L TORERNDO AN Y 7 — B TNV 51T % R33 12U T, R50 2 /37 A —H (2
FEOTND. AFRLRTWVWEREREO 2D, FEEIEAZED T, Z<OETHHTELZLE2RLT
W5, F7o, FEEIEPRZESHEERAEN EERL, BARMAEETREREIERLTCVWDS. B 6 E
“Application of new storm surge hazard potential index for storm trend analysis” TIX, ARHWFZEDHH
el LT, 1980 4FLAFE 40 4ERIC I 1T 2 A0S O miiliw 22 ORRRFEAL &2 58T LTV 5. AR 72 mil iR 2= O &
SSHPT DA D I LR i WAHBEMEAS TR O b D Z L A" L THE Y, 1980-1999 & 2000-2019 @ 2 -D>DHiMH
BT 5 &, FRICRGT 20 4R C SSHPL B B e EREMATRT Z LA LN LTS, 5 7 % “Conclusion”
T, AMROBEREEZEEOICELEDD L L BIT, SBROMEOREIZONTHRRTND., LLEZETLHIZ, K
WSETIE, ®AIC D EMIC BEEMES S WA FIECET FEE O T, iR EICIZ T RGE =220
TR BT Z ATV, Z ORERIZHES X ERHIC BAED & O 72 22 @il TR A RE L TRy, ik
FHETDLEZANRRKEW. DLEXY, RGO EL () OB E LTHOMESH 2L D LBH 5.

%« FRSCEE BRI, FI3L 2000 72 & 9532 300 354 1 M9 ORI 57, b L<ITITEL 800 5% 1 FRE L T 723wy,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).
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Storm surge associated with tropical cyclone (TC) has a long history of causing catastrophic damage and
many deaths along low—elevation coastal zones. When quantifying natural disasters such as TC, weather
forecasting has often employed categorization—based statistical approaches (i.e., index/scale) for
promoting public understating. For example, TC wind intensity—based categorization of storm surge index
(i.e., Saffir-Simpson Hurricane Scale (SSHS)) has been a useful means of early warning and informing
potential impacts for decades. However, storm surge information was removed from SSHS after Hurricane
Katrina (2005) and Ike (2008) because they had caused extreme storm surges than those predicted. Afterward,
a range of different indices for estimating storm surge potential have been proposed. However, a new
practical index overcoming the SSHS has yet to been put in place for inoperational use.

The improved indices are not comprehensive enough to reflect the severity of a surge event precisely

For example, the influence of TC forward speed and coastal geometry are not considered in those existing
indices. Another known limitation in the existing indices is that none have been examined in many TC basins
except for the Atlantic Ocean. Because they require some of the variables relevant to TC structures (i.e.,
the radius of 64-kt wind, radius of max wind), which are only available in the Atlantic TC best
track/forecasting database. Considering storm surge is an extremely life-threatening hazard, there is
a pressing need for an alternative means to represent TC surge potential and threats more effectively

This study investigated 42 years (1978-2019) of tidal records and landfall TC best tracks in Japan and
demonstrated that TC forward speed is significantly correlated with maximum storm surge height. Fast—-moving
TCs tend to amplify the storm surge along open coastlines (Pearson correlation coefficient, R = 0.62)
but reduce it in semi-enclosed bays (R = —-0.52). The negative correlation contrasts with the general
perception that the coincidence of TC wind speed and forward speed vectors generates a larger storm surge.
Coastal geometry was also confirmed as an influential factor for the correlation between storm surge and
TC forward speed

Spatial and temporal change analyses of storm surge were conducted by taking Tokyo Bay as a case study
of a highly vulnerable coastal area. The numerical analysis demonstrates that the slow passage of a large
and intense TC transiting parallel to the longitudinal axis of the Bay, making landfall 25 km southwest
is most likely to cause a hazardous storm surge scenario in the upper-bay area. In addition, the temporal
change analysis suggests that landfall TC wind intensity and size have become stronger and larger in the
recent 20 years (2000-2019) than the previous 20 years (1980-1999). These changes corresponded to
increasing storm surge magnitudes (+41% per decade) over the last 40 years (1980-2019). The increased
occurrence frequency of TCs with more northeastward tracks is another factor that may have contributed
to the increased surge hazards around Tokyo.

Considering the salient TC meteorological parameters, including forward speed and size, this study proposes
a new storm surge hazard potential index (SSHPI) for estimating TC-induced peak surge levels at a given
coast. The SSHPI incorporates parameters that are often readily available at real-time: intensity in
10-minute maximum wind speed, radius of 50—kt wind, forward speed, coastal geometry, and bathymetry
information. By incorporating forward speed and coastal geometry information in the proposed index

significant improvements in surge prediction could be achieved compared to other existing surge indices.

A retrospective analysis of SSHPI using data from 1978-2019 in Japan suggests that this index captures
historical events reasonably well. In particular, it explains ~66% of the observed variance and ~74% for




those induced by TCs whose landfall intensity was larger than 79-kt. Furthermore, the performance of SSHPI
is not influenced by the type of coastal geometry (open coasts or semi—enclosed bays). The SSHPI was also
applied to detect historical storm surge changes in eastern Japan, including Tokyo. It suggests that surge
hazard potential has increased more than three times in the recent 20 years (2000-2019) than the previous
20 years (1980-1999), which is well-matched with surge change analysis (R2 = 0.68). As SSHPI utilizes
the most common and readily available surge sensitive variables, it can be applied to any oceanic basin
beyond Japan. This new index is expected to have a great potential to provide reliable early warning
information without expensive numerical computations, leading to improving public awareness of storm surge

hazards.
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