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Estimating long-term critical wind speed for wind
damage by using mechanistic wind risk model,
GALES
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Abstract: In this study, we estimated critical wind speed causing overturning and stem
breakage with special focus on linking a mechanistic wind risk model,
GALES, with growth and yield models for sugi (Cryptomeria japonica (L.f.)
D.Don) and hinoki (Chamaecyparis obtuse (Sieb. Et Zucc.) Endl.). We found
that lower initial planting density tended to increase the stability to the wind.
In addition, stands with lower top tree height were more likely to be
overturned than broken. To reduce wind damage, thinning would be
recommended before the critical top tree height of sugi reaches 12m and that
of hinoki reaches 14m. After this height, thinning might increase risk of wind
damage. Although there were some limitations in the models developed for
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Japanese forests, the results indicated the most suitable timing to conduct
thinnings, which could be utilized for long-term forest management in Japan.

Keywords: Critical wind speed, GALES, Mechanistic models, Typhoon wind damage,
Wind damage estimation
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BEEBR O OMRIL, BAOLR L FEETITORTWS. FRb5DF
Eid L, B2 - BRI FIE (Observational/Empirical methods), #£5H#) Fi%
(Statistical methods), 71%5#1755#% (Mechanistic methods) (Z47H S 5. 22 - %
BREIFIE L AT TFIEL, HEHIROT —F 2052 b, T4 0N EE
TEHRIC BV T E R E EREIIRMT 5 Z L3 TE 5. LA LGardiner
and Quine (2000) DR L TWA X T, T 5O FHEIT —EEICESh,
ELICHEROAEREEZZEE L T2, s LTS RENEL
Lz EOHETNET D Z LEB LY. &2 TIE, SIAR LMD 050
P&, BURICBET 5 1) - BT L E A S b D ENFEENRE
LT&iz.

RFER 2 DFHF L, KE D F5E T /- Geographical Analysis of the
Losses and Effects of Storms (GALES) & Al{iL i A 7 ADetailed Aspect Methods
of Scoring (DAMS) # #7457 ForestGALES (Gardiner ef al. 2000), 7 o >
7 FO ST T VHWIND (Peltola e al. 1999) & A i & 7 /L WAsP
(Mortensen et al. 2004) ZFHAEGHH - AT = —F » OWINDA (Blennow and
Sallnds 2004) FA3H 5. ZNHIL, MO NFEET AP LIRS AERE
ORI &, BIRET V5D LR S RE I O B % e+ 5 = &
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LD, REOCRELTHET L ZEHFETMUMERSNTVERT A—H(Z
HELOEWNEHDHOO, AT A —H I ARE T A v —THIEIZEI
SET ARG RVBRBTIET D LN TES. LT, "7 A—28bi
EE OHRTAFETAVEZBIEGT 5 Z L AHERMICTETH Y, ERIC
ForestGALES|X 4 74 (Ruel et al. 2000, Achim ef al. 2005), 7 F > A (Cucchi et
al. 2005), = = —3—% > K (Moore and Quine 2000) Z=DETHEA SN T 5.
LLED L 51z, JIFRITEE, SHURCTHEAMRRE TSV, M oaiiEn%k
BIZATIG R D 2 & DB3FE TH D, FRCBHRIC X DRI A L R EEORR
EWAOIT DL, SHRBERICBTREE) A2 BT S L THEE
NOHT, HE e fHRE R EEARETIEERERO —DILRDEBLD
ns.
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7ZGALES & Moy EEEFRR & A L /e,

2. Ak
2.1. GALESET /L

WeE OFIES A THROREFRFER 3 H T 5700 Sh, BEKT,
EERMEE IR E OB T O BN A xS & LT\ 5 (Gardiner ef
al. 2000). GALESIZARIR ¥ & &t “fEEHORREEL R L, R ) BAERR
JFUEFE, LRG| o 58 D AR BRI ES S I £ D AHEERIRIZ £ 0, BiFhidsr
RO IERE EEREEE) H O &N 5. FEl7A2 552X Gardiner ef al.
(2000) IZ X VR ENTWAR, S L TLIF Iz
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2.1.1. #R3R Y R AR S RGE
HAEEDEE z(m) (2B 5 EEL, DLF ostsa=

[1] u(z)=%ln[za’J

Zp

CIEBELTWS., u(z) lEE S 2 1280 DR, v (m/s) 1ZEBEGEE (friction
velocity), k 137 /L= 2 1EH(=0.4), d (m) (THEH S 1ERL (zero plane displacement;
B DA 8 H), zo (m)ITHEE E (aerodynamic roughness) T 5. HLIF E 1%
[2] r=—pu.?
LEFZRSN, ¢ (N/md) IXREEBIEN, p kgm’) REREEEZRL TV,
ZIT I (m) BAMEOFEEREL T2 L, 212 =—pull® 1X{8 2 DILAIIT
BYEENF B TT . L5 TFee 1IZ[1]3 L0
[3] agmp AR
(7))

Zp
TREIND. ZITHERSzME A &L, TRTOENTJIEF LTERTS
ERELELT, PAEHZFHEEE— A MM, tBEHELE. 22
T, “BRICAFICTEHREL Y bRERKAESKESEBRTIZ L0 b,
Gardiner ez al. (1997) D JE{lR 38R & #A TORBERIEIC L 0 & H I n7-22E
HCD b, MREIEE— A ¥ FTM,, 03,
[4] ™, =GxTM,, .,

max

L, [BIR BIED B

u(h)* k2P
2
[=(9)
Zy
LD, LZATHREDIZE, 2 2OHAMREE L TV, £ PEDICESEET
WiZdhlon, SRR bte. T L THIEE - #BEL &bt LHeEk0E
B L VAR D ASE Z 5 (Coutts 1986). L - THIE (SW) 134RE D O R KEE

A b (TM,,,) &3 OFHBIBIFREFi > TV % (5l 2 ¥ Fraser and Gardiner
1967, Achim et al. 2005). = Z THHE % ¢ L35 LEBTIM, ,~cXSWTEXh

[5] ™,, =Gdp
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DB HENORLET—AFL0IIZRLED, ZOERITEEETES.

I 2 TTMypay & TM o BE LW EEET D &
u(h)* i P
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[+(=9)
Zy
720, BUE w(h) AR Y ORI 1y, (CEEHZ D &

1
2 =
77 tyy = | S| [ 224
ki pGd Z4

TREND. LEDb, iRV OIRFE#HZ RO D -HI21E, AT -ED R
BRIZ L VR AREEEE—A M EHEOHBEBEZEERDALERS .
2.1.2. BT s A RR A EGE

GALESDEHFT MRS RS O F B, Bl D NENMET 0BT
T—ETHDEVIREIZIE SN TS (Morgan and Cannell 1994). % = T#
frilE i -+ RKEEET— A ME
7 MORx D

2

reak 3

[6] cxSW=Gdp

8] ™,

F 3N 2. MORZHEEFASEL (modulus of rupture, Pa), D I3 MEERE (m) ZF T
oL E, HE EORENSIEOESu) EELWERET S L. BTh A%
% é 'ﬁ-%) ﬁEﬁmE Uprealk Pii

(9] - __1{ 7TMOR x D’ J% ln[h—d]
K\ 32pG(d —1.3) z,

TRTZEBTES.
2.1.3. RAREHAEROEEETERY

GALESDEARNT A—F THHREKREMEE—A > b BECHBEMEE, &
ORISR EUT2005F6 5 72 5T A I, BRKERLEBHIC TIThh = 2AK3]
SRV HEBROBREEMN Lz (R, MERIIAF L 7 3T, RBHEITRE
ETIThI TV 255|258 0 38k (B 2 iXAchim er af. 2005) [ZHE L 7=

o DREEFRNTIE, BARERTBSRITOASHRoEESTHER (L
W PG &, b/ IAOEEEER (MR - PEY) 2ER L. Zh
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F1. RSB SRVHABRICBITAAF - b 2 FRUEAOHEMEBTORKR
[MEE— A > b & BEEW)OEIFROFREE

BRLE B RS N L T o L8 MKEETE— L b MOR eHRETIR
L1 n L] {em) (m) (m) (m) (kg (Nm) (MPa) [+ 4
104 e 202 —ls . - B 0.9 2667 4854 25 2290
1246 117348 10.6-23.1 0.4-14 0.5-12 51.2-660.1 6757-179444.4 = S
drly 3 18 13 08 08 1649 416714 - T
1647 13278 15176 0413 0.5-14 51.2-4182 9261.8-138175.2 o

IE 1 AFTI0RT 4 &, £ /3L 9 AP | Rpsivh, FHERE R EL L OTEYR
FIRITAF 6 4, &/ % 8 A SFHNL BEEEIIAX 4 K, & /% | R bETL
7E 2: MOR : %% (modulus of rupture)

feo T, ~7 & — iz D OHEEAEH3,000, 2,000, 1,000 0 B #HL7E#
b, RRERTE, MR, SLAARE KD, GALESIZA A LT,

LFEREEE
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B, BTN OGS T RVEBM TR AREEOEN BN TV A, ZiZGardiner
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GALES & My B EEERZEH LA FEIL, ARyorss £ L=l
HORERERRREOE L2 MR RTZ EAEEE. L LELEE2D
W& 9 mEL T OFFHARSTIZ OV TIL, AFEIC L 2 RAREOHEE IZEEL L
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RN RAREZOLOICEB T AESIIEENSETHS.
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