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(from the Plan of Experiment and Research in 1982 Tokyo Univ. Forests?®
——translated by the authors, some parts were changed)
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Fig. 1 Area damaged by typhoon 15 in 1981 at Tokyo University Forest in Hokkaido
A : The course of typhoon Marie in 1954
B : The course of typhoon 15 in 1981
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[RTOERO0 5, SEDE RO DN TR~ B,

19814 5 @15% (LUF, 155 &) (X, 198148 AI5H, VY BoORME L TRELL, Z
D%, L EL T23H04EFB X, FTERMELTFIIC FREL 72, LR H.LSEIZ965mDb, Bk
JBRI335m/s TH - 72, LRERIIMEL 245 dbic A, BR75km CHRALM T % #EMT L T, i
PRk 2l > T23H M4EHA &, JLiEEEFBICH EREL /2. 20 & T dLL0AEIS4mD, B
KB#E3SM/s 2 RORUCHENE I DERATH » 72, F0tk, 23016813 FEOLFERE Fiz
Wi, MBI & 6B L <, 23 A 21BRIC HEN DAL FE#100kn ) #E b TIRFERGE & 7% - 72,

ZnERIZ, WERNMERE L OLNTHY, 8 A23HICI, dbiEEhEls &Mk 515
FER & (3150~ 200mmic 3£ L 72,

BEFREICRROBRCEEIZONT, ENERDOBEARE, RABMBRZE— LITREL 72,
WABEA20m/s B2 21, WREICE(, 20O TIZ15m/s fiikD L Z 54 %
rolze —h, BORKBEEEGHEZ & CEIEA30m/s 282, B/, S CIRBRIIOE S
EHL 72, HREREMOWL, BE TR, BREE, SRAEMBEOBIRE R, W

R—1 WAHRAEE, 155ERTOENEMOBAREES & OB KB R

Table 1 Maximum and maximum instantaneous wind speed at each district in
Hokkaido under typhoon Marie and typhoon 15 blowing

THER LS B 155 & A&
Typhoon “Marie” (1954) Typhoon 15 (1981)
J& & J&, T
Wind speed (m/s) Wind speed (m/s)
& X Bk fE 52 x B K
Max. Max. instant. Max. Max. instant.
8 | 19.4 e 12.0 26.3
Asahikawa
Lid = 23.1 29.2 16.0 30.3
Nemuro
G 7N 14.2 21.3 11.3 25.5
Obihiro
7 5 42.0 53.2 16.5 29.8
Suttsu
[E5] i1 25.8 41.3 14.8 30.5
Hakodate
S ) 24.9 36.3 14.1 28.5
Mean

(from Memoirs of the Japan Meteorological Agency Vol.39 No.3® and
Prompt Weather Report in Disaster ¥, the latter was translated by the authors)
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T5200~350mmicE L 72, T EHTER T, TRTL Ik 2 KB L REDF
E L7,
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15EEEIC & B HE, HRE L CEERTOBEXTILRE, Rt g Lz, LEO#
13, BERUSTEER6,600ha (LIEATMN29%), HEHEMEES Hm (£2EHEN15%) 125
T, INZTOEHEKRBOIZIZVESICHTDH L NDTEH - 722,
R 1B LAk 5, LEOBES LT T ORI ME AR L T B, 72,
B - Wb B BHEOKE WERKIEE (K— 1 OFE—H) 1oL 8EL» %,

£—2 RAHBAEERSE L UISEEEIC & 5 FAIEBEREH® & BRE kGO BRI ERHRO#HE

Table 2 Wind damage in Tokyo University Forest and in National Forest in Hokkaido

TRE & AT DB #E M
Volume before Damaged volume
damaged by T # AL & A 15 %5 & &
typhoon Marie = Typhoon Marie Typhoon 15 B/A X100
(m*/ha) A (m?/ha) B(m?®/ha) (%)
FOALEEEE A 198** 12.1 28.4 235
Tokyo Univ. Forest
in Hokkaido
H S
National Forest
i} Il 131 13.6 0.2 1
Asahikawa
i R 166 6.9 0.2 2
Kitami
w 5= 116 1.8 2.0 110
Obihiro
L [ 119 4.7 0.2 5
Sapporo
H fiE 102 2.0 0.0 0
Hakodate
&t 126 6.5 0.6 9
Total

%  The volume converted as 17/ =0.278m?®
* % Volume before damaged by typhoon 15
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Fig. 2 Schematic explanation of position on the slope
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BES " RROBREREE, BARBIEZNLEL V) RBETEDL, ZOBREOBREOIX L,
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WER (%) = BEFONTHEE (%) —HERDOWEBREE (%) ]/ HEROWEBEE
(%) X100
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Fig. 3 Distribution of wind damage percentage
Wind damage percentage (%) = [Canopy density before wind dam-
age (%) —C. dens. after w.d. (%)]/ C.dens. before w.d. (%) X100
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L7z,

V BREIUEBE

1., #E 2R

R—4—a~0i2, &4v1lNHEELLCEEROMHERT.

Loz, B (M- 4—a) (2 L7zd > CABERNOBB L 3L CRETT 2, BRr»LHE
Bl 5 TH—3 X LB EE S, 0P THLIRNROBRE, SEratRoss
Lo Twd, SRR, BoR, FEGRIERKD 3 DDNIzid & F izt EERNOBR %
¥, 20 3ODNHARL THEERN & % ) R 555013, EEHd - & &, mlo
Wz I3 S £ 0T, BHERD 5o B TRz 2 > T,

WEROMEH— 4 —bITREL7, R THEOKE» - g%, WL OBk 5,
4 HODHEWRIZ KL 12, FILESHE 0K (LLTF, LK), BoOR e SRIRICES
FNEB LU, BoORE FHERNARICIZ S $ 2K (BORMIX), AR O #X
IRRTFBEK), ~OIlDLMOBEK (ZOWMK) », 4HETH S,

WER (R—4—b) LE2NER (M—4—a, c~)) £2H~3 &, BRHELMEHN
2ERITAENREICEREIBRNTH S ) LHBIE NG, MMOBEEIL, ZnbnR» 53, 3
S5 E N LA RV, F2TERED 4 DDOWEMKEE L FZ0idh o 2 Xz
W, BEELZDERICOWTHEEIL 7,

A LK

Z ORI EEHALIC DT BIRIZE 5 TV b2, BHE (KM—4—c¢) Lol



147

v, Lo L, BEHM (M—4—d) BE~S»ELL, RROERLENCHENTNE Xy ¥
2h B, 272, SHEEOMEIMAE (H—4—e) TLEEME (K- 228) 2% L EE
2, AODEEMEX OR CIES (K—4—2) P HENATH D Z LV RHHTH 2,

B HoR#HE

ZOMKEEIRO L 512, 300N R N TEEROBEME L % L T 5, BRI
i#%ﬁﬁﬁﬁtto,ﬁﬁﬁ&uﬁ%%(u%woﬁﬁg%k§<,%m%ﬁﬁﬁé%ﬂ
rLnEBbns,

C MRARIE

MEHALIIS~SWA S ¢, LFLLERFECEL T2 b Tlddwd, ERiCR&ED
B 2 IR Bk TEBER AR v, SIE EOMMMLEL, 12 & A ZHILERFT
$2. EEOEHGKEDEE L TWL R0 S RRE M2 TRME NI, ZOMXELEHS
Pl LORERIF 2 Bbnb, 272, ZoMROERRELE (K—-4-k) &, 3rD
WXz T ELCITEP 272,

D oWl

ZORRKIE oW EL B BREQESTH D, HHE, SEAML» S, & ICEEER
FRF WK 3B b v, L Ladts, FRT 5 EEMRINCHE - 2B TROERTH
D, FEEANFTAOINCIES TR L 72, KEYORE L L > TIOMXZKE KT
Lo LHERMING,

DE4-o0#EMK %, HELEERE 0BR, SHEFL 720 KRIZ, HEDDLh - 72K
2DV TIN5, ’

E hUbEomfliciET 51K

oMKz, BEFMASE~SELEDDE A v ah B, EIHH, Tl LRAEBE %
ZHENE L, ABRAGAD L ZIHEILH > T b, Z0HKkIE, —HOBATIE I /A
BT S ERM OB B 2 bz, 13X A LERRESH 2 HFL TRES 1, BE10m
B TARBED E b TEWAERR kM EHBRL Twb, L -T, MRS, 53R
B S VEENEZ )R T WHIR TH B L2 5%, BlILd &) A RERY DL W2HIC
WEINEroEBEbNS,

F BEoORBEOEMCET 5HE

FE O IEM > & KB 2T CTED B EGOEWHE D, KELRNE S ICHEES 2,
BAERT 32 RERIT O TE B WA BbN b, £, BAEO2OWEREE
(H— 4 — j) HHOMKIC HRTRRIEL, KEAY DL 272 8 WELDL(LIZL
Bbns,



148

atE B Iwanazawa Riv. b# &
WIND DAMAGE PERCENTAGE -

ALTITUDE

301-400m - *
-500 * . (8) Okunosawa
-600 * - section
-700 ]
-900 ] (&) Maruyama
section

Mt. Maruyama

| LA NNN!

C)Horouchizawa
section

I e i===I

T e—-
(D)Ninoyama
section

Mt. Ninoyama

Cim WO
EXPOSURE

|
w
=
7]
|e#+ |

+ +H+H

L+ 01 i ++++1

4 #+
toet+++1 1 1% 1 I #

| #4

e AHE Lot E fa K
POSITION on the SLOPE + LAND TYPE along the SLOPE
x
% fE N Ld 4 - +*
Ridge top £ Concave
RAL T #2510 8 * : * *
Steep slope near Gently concave -
idge top -X &
WS AR e Rectilineous +0-
Gentle mid-slope fh- *X e
& LR BRI * Gently convex * o0
Steep slope near i L d
bottom Convex **e
7~ /93 . x * ¢
Bottom . J y > o Concave and convex : :
- ¢
-~
*

-4 RAEBANOEERL ZEROSH

Fig. 4 Distribution maps of wind damage percentage and each factor
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x—3 RAEORERLHE, HWRFIZOWT, KRERLIRCE 2 WS E S UHEL TR

% EORGATOREFR
Table 3 Quantification analyses —— item, category and score affecting wind damage
B LIRS & 2 WP
53] HT TN — 4 — 2% Quantification analysis Hayashi- 2
Item Category Frequency =
J=2 T4 X K-2 2T REZZ7 voroy
Normalized score* Graph of deviation Range
EX-1 EX-3 EX-1 EX-1 EX-3
—0.2—0.1 0.0 0.1 0.2 0.3
L4 & 300~400m 47 —15.4 0.380
Altitude ~500 111 - 7.9
~600 83 4.0
~700 55 23.0
~900 17 — 0.8
[ 0~180° 77 —20.8 —16.7 0.475 0.413
Exposure ~225 71 —11.5 — 9.0 —
~270 51 —11.8 --11.9 —
~315 48 26.7  23.0
~360 66 26.3 — 0.8
#4147 N 44 —-17.9 -18.2 E— 0.496 0.503
Facing NE 26 — 24 — 4.7 =
E 42 28.2 28.5
SE 37 31.6 32.1
S 27 6.3 4.3 —
SW 39 —14.5 -15.1 —
w 56 —-10.0 — 8.2 —
NwW 42 —13.1 —12.6 —
FHE Lo K i 35 — 16 - 1.2 b 0.293 0.225
FHA AL B Ridge top !
Position AR T EF B 5 50 1.3 0.2 1
on the slope Steep slope near |
ridge top [
LB A A o 105 5.9 0.6 —
Gentle mid- !
slope 1
& Efa st 100 - 0.9 4.0 4
Steep slope near bottom 1
& & W 23 —23.5 —18.5 _—
Bottom
Frm K MConcave 47 11.4 11.6 — 0.300 0.298
Land type [v1-// 23 1.3 2.7 L
on the slope Gently concave |
157 -0.1 —1.2 !
Rectilineous ,
iy // 19 — 9.8 — 8.5 —_
Gently convex !
MConvex 43 2.7 4.1 —
[H] -4 24 —20.1 -—18.2 ——
Concave and convex
8 # A 0~10° 42 17.2 19.2  a— 0.240 0.332
Inclination ~15 82 0.4 3.7 J'
~20 96 - 17 — 0.6
~25 53 - 6.8 — 9.2 —!
~35 40 — 5.7 —14.0 —
F o E 0~80% 27 —19.6 —19.2 ————— 0.215 0.210
Forest area ~100 286 1.9 1.8 -
percentage
WEREE 0~40% 25 —16.3 —15.8 —_ 0.197  0.190
Canopy density ~60 137 - 0.7 — 0.6 H
of trees higher ~80 151 3.3 3.2 —
than 4 m
FABNAOREREE  0~20% 129 - 2.6 0.6 - 0.057  0.057
Canopy density —~40 138 3.1 1.0 —
of trees higher ~60 46 — 2.1 4.7 —
than 14m
STEERHI A 0~40% 143 — 51 —4.1 — 0.101 0.083
Mixture percent- ~60 113 4.0 4.2 b
age of conifer ~100 57 5.0 1.9 —
trees
+ 9B 0~30cm 13 —12.4 —19.6 — 0.147 0.216
Soil depth ~60 253 2.3 2.0 =
61~ 47 — 8.8 — 5.1 —
-0.2—0.1 0.0 0.1 0.2 0.3
#® g Total 313 MO correlation ratio 0.373  0.401

% 1 X102
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A 13 L 5 EEIRSGHT
Quantification analysis Hayashi- 1

TRAHRI R 5% /=274 X R2T* REST77 . vy v TRARRE (R %
Partial cor.coe. Normalized score* Graph of deviation Range Partial cor.coe.
EX-1 EX-3 EX-2 EX-4 EX-2 EX-2 EX-4 EX-2 EX-4
—0.6—0.4—0.2 0.0 0.2 0.4 0.6 0.8
0.265 —42.8 0.958 0.269
—17.2
12.2
53.0
- 0.7
0.394 0.341 —47.2 —38.7 E— 1.108 0.982 0.399 0.343
—29.9 —22.8 _
—27.0 —28.2 e
63.7 59.3 :
61.7 48.4 _—
0.384 0.401 —38.7 —42.0 e 1.150 1.197 0.371  0.391
—11.9 —11.8 —
59.1 62.4 —_—
76.2 7.7 _
14.8  12.3 —
—~30.6 —33.8 !
—19.3 -—18.2 -/
—33.7 —31.8 _
0.150 0.122 - 6.2 — 4.7 - 0.643  0.504 0.143  0.117
|
0.1 — 1.0 :
1
149 1.0 —
I
1
— 2.2 10.3 —:
—19.4 —40.1 !
0.166 0.166 29.3 32.7 — 0.774 0.778 0.179  0.187
2.6 6.6 :-
- 23 - 5.2 -
l
—23.8 —19.9 —JI
12.5 13.8 —
—48.1 —45.1 —e——
0.156  0.209 35.1 42.7 — 0.512 0.740 0.141  0.202
3.3 11.0 +
- 45 — 2.1 —
—16.1 —23.3 —
—11.5 —31.3 !
0.135 0.138 —45.6 —46.7 _— 0.499 0.511 0.133 0.140
4.3 4.4 —
0.113 0.112 —2{.3 —Zill.g — 0.307 0.316 0.077 0.081
29 3.3 L
0.062 0.046 —96 — 1.8 ] 0.192 0.126 0.084 0.045
9.6 4.4 —
- 1.7 — 8.2 -
0.104 0.089 -12.2 — 9.3 - 0.226 0.197 ©0.106 0.086
102 10.4 —
10.4 2.7 —_
0.105 0.114 —18.9 —38.4 " 0.269 0.425 0.097 0.096
5.0 4.1 —
—21.8 —11.3 —

—0.6—-0.4—0.2 0.0 0.2 0.4 0.6 0.8

HAHBAR S Multiple cor.coe. 0.604 0.627
H#E B E Estimation error 47.5% 46.4%
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Table 4 Correct discrimination percentage in quantification analysis Hayashi— 2

mog E A = G = B &
No damage Slight damage Moderate damage Severe damage
' (%)
[ 71 ) | 52 J | 63 o
| 73 ]
L ‘ 68 1
| 83 J
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Table 7 Wind damage percentage of conifer trees and broad-leaved trees

BEROWEBEE BENRORERERZD % TR

Canopy density Difference of 2 Wind damage
before canopy den§1tles before
- and after wind damage percentage
wind damage by typhoon 15 (1981)
A(%) B(%) B/AX100(%)
g ¥ OB HEAK middle 14.7 6.6 44.9
Conifer trees & 7K upper 13.4 9.8 73.2
4 {Kk whole 28.1 16.4 58.4
= #E O #HEA middle 17.6 6.6 37.6
Broad-leaved B K upper 17.0 10.5 61.7
trees 4 {& whole 34.6 17.1 49.5
4 7N dE AR middle 32.2 13.2 40.9
Whole tree & 7 upper 30.5 20.3 66.8
4 {& whole 62.7 33.5 53.5
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PREDICTIVE SCORE
S -
No damage

N & *

Slight damage
s # *
Moderate damage

Severe damage

M—-5 TFaMEnSH FEibic & 2 E@RSH, EX—2)

Fig. 5 Distribution map of predictive score in quantification analysis Hayashi-1 (EX-2)
In quantification analysis Hayashi-1, each damage class was put into the following
code—1 : no damage, 2 : slight damage, 3 : moderate damage, 4 : severe damage.
The border of predictive score was decided that the number of each damage class
of predictive score was nearly equal to that of actual score. No damage (0.50-
2.00). Slight damage (-2.35). Moderate damage (-2.70). Severe damage (-
4.50).
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Summary

The forests in Tokyo University Forest in Hokkaido were severely damaged by typhoon
15 in 1981. We tried analyses of the relation between wind damage and some topogra-
phical and certain stand condition factors by consulting topographical map, soil map and
air photographs.

Seven items for topographical factors —— altitude, exposure, facing of the slope,
relative position on the slope, land type on the slope (relief), inclination, soil depth——and
4 items for stand condition factors —— forest area percentage, canopy density of trees
higher than 4m, canopy density of trees higher than 14m and mixture percentage of conifer
trees —— were selected for quantification analyses.

On the quantification analysis Hayashi-2, correct discrimination percentage between
no damaged areas and damaged areas was more than 70 per cent. On the quantification
analysis of Hayashi-1, multiple correlation coefficient was 0.60. Among the 11 items,
exposure and facing of the slope were significantly related to the occurrence of wind
damage. The following stands were severely damaged : those which face to the main
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direction of the stormy wind in the range of approximately 70 degree from the center.
Generally, it is recognized that stands which are on gentle slopes or have high mixture
percentage of conifer trees were easily damaged. As the result of drawing a predictive
map of wind damage with the predictive scores of Hayashi-1, the map is generally fitted
to the distribution of wind damage percentage of actual scores with some exceptions.



