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Research on the Impact of Typhoons on Buildings and Towns during Global Warming
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Replicated experiments and numerical experiments under future climate were conducted for Typhoon Hagibis. The

results showed that under the future climate, the typhoon is more powerful than under the present climate, and the

peak wind loads on building surfaces are about 1.5 to 2 times more likely. In addition, a large-scale ensemble

experimental data set was used to investigate wind speeds and typhoon characteristics for reproduction periods of

50 years and 500 years. The results showed that wind speed increases and typhoon pressure drop increases with

global warming.

1. (ZC®IZ

IR, RBREB O LIk BARKEFE O
AR E- TS, BROEYIBEIAEL, HE
DEIITERN LT D AATIZ, GROETHL
RROFEABE O R E 0 ITHRKRIRICER S R E
Lo TND, TI T, AFETITAARIZRE 72
WE 25 272 2019 SR 19 5 OB K O
RS N TOBAEER ATV, BUE &R AR T
TOHEXANDEDFA S & kT 5, 7z, KE
T oY TNVERT — 2 Th 2 THEKRREL
MRICET DT T NRETRT — 2 R — A
(database for Policy Decision making for Future
climate change, d4PDF) | ® 2 EKE 7 /LAl (Fujita, M.
et al., 2019; Mizuta, R. et al., 2017) % F\ CH-ELH
A1 50 £F, 500 £F D JEd K& OF H A L Fiiky o0 5 MR
(ZOW T & & fiRAT 21TV Th b D&k
WTHHAET %,

2. 2019 FERJA 19 S 2 k5 & Lo HfE SR

2. 1 TRk

KT I = L—3 3 L Weather Research and
Forecasting model (WRF)-RANS } T" WRF-LES %
HAWTITD, HXNOEONSG DY I 2 L—
= X WRF-LES O H 7] & W1l - 55 E & LT,
Kazamidori® (HHEH, 2016) ZHWTIT-7=,

2B, FFRERRITELUERELTE (Kimura and
Kitoh, 2007) % JA\»TC RCP8.5 ¥ F U A4 FTD
CMIP5 D GCM D 30 A /3 —7 v 7V E
Z VN, 2090 418 (2080-2099 4E) A RIRICEHE
AT o7,

2. 2 HER

R[REBTT NOHEHEROR T A OIHIE « 557U
L LT Kazamidori®% W /=3B HE 5 & gV
TOeVEE (B 30m) TOBMMEE g3
5l FEHRGENZIEI 4.2m/s, 43m/s & R <
—H LW, £7o, BEee -2l ENE
M 27.7m/s, 26.6m/s EEWVEE CTHETE LI L
LR LTz, BEBEm OB EO v — 7 i (X 1)
WD &% < OBYEER T T, -2,000~2,000N/m?
DEZRLTWD, £o, REERMORE F%TiX
2,000 Nm* LA F OR0R K EZ R ADOMEETRTHT D
FIELTWDZ ENG0ND, RIT, FHEREBRORE
REMERT D, BREPAMIC EFE L ZEEOKER
X (B 2) ZR5E, HEERTIIERO P
SUEDH) 960hPa 72 DIZxt L, FFREERTIL, K
930hPa & 30hPalE EXUEDMERWEER &> TED |
IR ETy & BERNRBEL Y BWE O F F
ERET D NG, JEET IVORKIERD
it B A W HAHE - 55 AUE & L C Kazamidori® % VT

*1 RS R THIEEINITJEAT  azegami.yasuhiko@takenaka.co.jp

Takenaka Research & Development Institute
*2 KRR 2 —

Center for Computational Sciences, University of Tsukuba



L —
-6000 4000 -300D -2000 -1000 O 1000 2000 3000 4000 5000
Xim”)

-5000 -4000 -3000 -2000 -1000 O 1000 2000 3000 4000 5000
(Nan®)

X1 : XN OB RER O B EO v — 7 |
X HHER A kIR

QRAETEETTTTITTIN

920 930 940 950 950 970 980 €90 1000 1010 1020
(hPa}

920 930 940 950 960 Y70 980 990 1000 1010 1020
{hPa}

(X2 : 20194EE5 Al 1975 H A b [ 0 5 Fl
X FELER AKX RS

FIAEL-EYEEmOEMEOY—7E (K 1) %
R e, ETIEE < OdEWEER T, 1,500~3000
Nm? DffizR LT\, —Fh, AllTCIEEEEY
DR FECEAE T, -4,000 N/m? LA T O K & 72
ZRLTWD, Do, FEREEE T CIXEER
BN L0 WK X BT EEM T 5 AlaeE
WE<, SHRDMERPRKOONDLEEZD
b,

3. d4PDF 7 — % % 7= B RO fighT
3.1 fEHT—%

AHFFECTlL d4PDF O 2ERE T VAR (60km #5 1)
DBUELEEER (HPB) | 2°CHE FEER (HFB_2K) |
4°CHIEFEBRT — 4 (HFB 4K) O H>bLEnEFh
1951 4E~2010 4=x50 A > 7% (3000 4=457) . 2031 4F
~2090 4Ex54 A >N (3240 4E43) . 2051 4E~2110
Fx90 A 27N (5400 453) D 6 K E y F DT —
Z W 21T > 72, F£1o. BROHF.LEE
& T DORERERRE . BEZN X RER R 2B S ZE T 3 E
B L7z d4PDF ORJE -7 > 77 —4% (Webb et al.,
2019) Z#HWie,

3. 2 fTEE

FFEBLIRE] 50 47, 500 fFORUEIL, 27V v R,
& FEBR DA i KJEGEE 2 K E WIEICIE~, (1)D
Hazen D& AW TENZNOIEBEMER y; 251
B, #1600 T y AAEELHIM 50 42, 500 4F 0 IEH
R (1-1/50), (1-1/500)% 8 % 5 2 FF B/ 50
L 500 FEOEEME LTWD, 2T, oy 3=
AAE NEF i FHOKE S ORBRIEBIEMEE L
RLTW5, 728, d4PDF 2ERET LV OT— X 1%
60 kmig7-, 6 RFH 'y FTH L=, HEEZMEE
L7e%Ea, 07 L RREEZHE X TTW R
WZHEE I,

yi=1-Q2i-1)/2N (1)

BEOPERIZ, BEIE - JEHE1986) & FIkRkIC, &
PERFOMETTHEE, EEITAE, FOXERE T E, &
KhEf BRI E B L, KPR S FE i o
d4PDF OER N7 v 77— % & AW T 217 -
oo RO B ROMRICEET 2MHTIEED O 5
HLLRUEDS 980hPa LA R CH ARSI IC EfEL7-H



M3: =V T7EEST ) TIZETS
HEERESY » R
EExSRE L, FEELEERITSRE L,
Fio. AR EELUZBEOEENIEFICRE N E
Ex oL REHEICER L, @k, Kk, 30
ErhEh&gto ) 7% A~C TRE (X 3) L,
ZOx YT ZEIZHEBROMERIZOWTHNT 21T 5
bl e, ERELEEROIENCHE YT
MR AN ORI FEOWE F 4 @i 3 5 6 R
HBHARANDEENRKIWEEBZ N0,
FE - JEH(1986) & [FIERIC, Rlig RG> B VEIZ 180
km, THERINFENSHIZ 180 kndeE THO /Y v R
ZiEEL-ARbZNEhT )7 A, CIZ EREL
TR & FRRICIRT R E Lz (K357 Y v R),

W:// 1.25

1.05

. 095

o,

X4 : PB (Zx9"% HFB 4K DJEGEDE LR

3. 3 fER

FE4HTH GO, AdE, KB, fmhd) 5
D7 Y v RiZEI1T 5 HPB OFIBHIR 50 40 m#H
1%, FNZEH 34.5m/s, 34.6 m/s, 33.9 m/s, 35.3 m/s
TV, BEOBRFLERD DR S A7z mH B R
50 FFEDOJEGE T D FELEIELAELED Vo (S34m/s) &
Bilehaxtis LT,

RIZ, HPB O FBLHIH 50 40 RUEIZx 5
HFB_4K 02 b# (X 4) #5125 & bk 25 FELL
B OWE ETITIFE & A EBER 7208 ALk 25 FE)»
5AbkE 40 FE g FCTIX 1.05~1.15 fi5, HADRE |
TIX 105 f5~1.10 5L 72> T\ 5, B 500
FEOREDEFROME (K 4) 2HL &, bk
25 FE D B Ab#E 40 FE OE b CIIFEBLIM 50 £ R
HWED RN RELL 2D, 1.05~1.25 %
Lo TRV, BARDREE ETHHEBELIM 50 4£0E
WL HEEEROLRE N, 105 F~1.15fF &
o TW5b,

KEB, & ERE#S 7Y v RIZBT 2 6RO
W EREEE (R 1) 2RD L IR ETC
ON T EREEENBD LTNWD 2 ENgnd, F
O U 7 HFB 2K |4 HPB & LE~XTHY 0.90 %,
HFB 4K |Z HPB & lh~f) 0.72 f5 2T 7
TR LTEY, =V THTOELRDOE T
FEAERPoT, WIT, KU 7T ERE LB

1.25
1.2

1.15

A FEUHAR] 50 FJEE A1 - FREHIE 500 40 JEGE

F1:AFER, AU TSR S RBOE B - 4 EREEE

U7 A VU7 B U7 C
HPB 0.43 0.33 0.39
HFB 2K 0.39 0.30 0.35
HFB 4K 0.31 0.24 0.28
[EFBRNA NN v F—4
1.08 0.65 0.77
(1951 =~2021 4F)




DOREDMIREFKT 4 SDOLE AR L, T
HEIX, =V 7 A, B, C DZNZEND HFB 4K
X HPB & H_T-6%, 2%, -13%{K T35 2 &M
HoEMNE oo, UL, RlEROIL B2 E DR
WEIPH CO RO OE(N R Y . REEZH
FEEDENTEL I oofed Th D LHEREIND
(Yamguchi, M. et al., 2020), H.LSJERE T R&ORE
RERDE, =) TbTERBEESET IO
JERETENMRKELS -oTEBY, =7 A, B, C
DZENFND HFB 4K 1L HPB & N T+16%,
+13%., +10%H K L7z, Jefi i, o
JERETFENPRE L, B2 LVRDRN D k-
¥ LR 26RO G AP LKRER FEO/NS WA
JEUZ B TR R BEM R D/ N SN2 & 355
STz, EICEITAEORKRERLD & HPB,
HFB_2K. HFB_4K DZETIZ & A L7 iREL
AT R - M RO EITAEITRE L
oot

4. &0

WHARICKRE 295E %2 5 272 2019 -5 R 19 &
R, FBLIEER &fEREE NI ds T 2 HdE T
BREAToTo, ZORER, FEREE T CIEBIERE
W, BROBNNEEE D . IS0 DR
IEOE— 7 IR 1.5 f5~2 fFrlieEnd 5 2
LWy InoTe, DD, HESLEMIZHB W THE
IR HEERIRNPMETHDH EBZZHND,

RIZ d4PDF D RERTE T VIR O BUE LS5
2°CHIREER, 4°CHIRFEERT — & & VT4 525R
TOFHLHAM 50 45, 500 4O JEE & A ARIZ EREL
= REOMRICE L CREZITo 72, ZORE,
H A DR |- Tl 4°CH- 1R BRI 50 4 0 JR
WEHAE SR & T 1.05~1.10 £%, 4°CHIER D 7
B 500 4F o0 EUH IFBUAE &M & T 1.05~
L15 5L 7200 IRBRL S HETe & BT H 0> D JEAT
HNRELBRDLAEERH L ENRALNET S
=0 E7-. TERIZERO FREERITES TS0
O, JEFETEIIRELS LI EEHLNER-S
77

B EE

AT, SCHRVFEE I X 2O Fiirs
a7 h (TAlIA], THA ). SI-CAT, DIAS) [#
WHERS L OMIER S R 2 L —Z —IC X fE & -
d4PDF %f# /] L 7=, d4PDF (Mizuta et al., 2017) (Z
HEDSKHERNT v 7T —21%, Webb etal.(2019)
WX uigt sz —2 Mz,

Z & X M

o2 KPR, R E A, A 87 197, 2016 LES (2
K ARG ) DINER ] & — 7 SRR B
2 Wp 22 M AR . BT s AR DT A SR,
343-348

R, SLHEE, 1986 1 BEDMEET MIZLD
BRED Y R 2 L— 3 v AARB TR, 28,
1-12

Fujita, M. et al., 2019: Precipitation changes in a
climate with 2-K surface warming from large
ensemble simulations using 60-km global and
20-km regional atmospheric models, Geophys. Res.
Lett., 46(1), 435-442.

Kimura, F., and Kitoh, A, 2007: Downscaling by
pseudo global warming method, The Final Report of
ICCAP, 4346, 463-478.

Mizuta, R. et al., 2017: Over 5,000 years of ensemble
future climate simulations by 60-km global and
20-km regional atmospheric models, Bull. Amer.
Meteor. Soc., 98(7), 1383-1398.

Webb, A., Shimura, T. and Mori, N, 2019: Global
tropical cyclone track detection and analysis of the
d4PDF mega-ensemble projection, Jou. Japan Soc.
Civil Eng., B2 (Coastal Engineering), 75(2),
[ 1207-1 1212.

Yamaguchi, M., Chan, J. C., Moon, I. J., Yoshida, K.
and Mizuta, R, 2020: Global warming changes
tropical cyclone translation speed, Nature comm.,
11(1), 1-7.



