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Classification of forest tree damage caused by the eruption
of Usu volcano using MSS data
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Table 1. Types of tree damage caused by ash-fall.
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% %  Shedding of leaves e O
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Table 2. Channels used for collection
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Table 3. Condition of unsupervised classofication.
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Fig.3. Diagram showing correlation between the types of tree damage and the clusters.
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Table 4. Interclass divergence for combination 6.
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Table 5. Averaged interclass divergence for

1: All, 2:5(7)&8(9,10),3:8(9,10)&11,4:5(7)&11,5:8(9,10),
6:5(7),7:11,8:None.Top:Intertypes of japlarch,Mid.:
Intertyps of Broad leaved tree,Botton mid.:
L(vert.)vs.B(hor.),Botton right:B(vert.)vs.

combination 3 and 4.

MAEwTH 3 MAETH 4
Combination 3 Combination 4
F ¥ xR I ¥ F ¥ xR o} ¥
Channel Average Channel Average

.9, 11 1,732
.9, 11 1,732
.9, 11 1,720
., 7, 9 1,707 , 10, 11 1,749
, 10, 11 1,705 , 9, 10, 11 1,742

METH 6 F v o 2D EE I 1,789

In combination 6, averege is 1,789.
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11 1,751
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Table 6. Training class performance.
f—=r7 KEhr—=27 277 20HBHFE (%) P TR
7 7 A Percentage of samples classified into No of
Tr.cl. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 samples
1 72 17 8 3 2,608
2 6 83 10 1 1,057
3 10 82 5 0 3 642
4 91 7T 2 0 628
5 4 14 82 0 0 2,913
6 0 1 68 12 18 0 0 1 4,296
7 0 11 85 1 3 1,861
8 1 11 88 0 2,392
9 4 86 6 4 775
10 1 4 2 14 69 1 6 3 1,360
11 3 0 4 88 5 0 1,175
12 2 5 1 89 3 987
13 3 7 89 1 143
14 0 1 8 4 2 85 3,784
15 100 1,118
Total 2,001 1,432 821  1.064 2,451 3,418 2,375 2,890 1,071 1,191 1,226 1,012 329 3,339 1,119 25,739

RO HZNZ Perfomance of overall:20,872/25,739=81%.
AR DH BN #  Perfomance of forestry:12,864/16,397=78%.
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Fig.8. Effects of varying the types of tree damage on the spectral histograms of
A. Japanese larch,B. Broad leaved tree.

211,234 ,stand for training field numbers.
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Fig.9 Effects of varying the types of tree damage caused by ash-fall on the spectral curves
of

A.Japanese larch,B.Broad leaved tree. 211,232------ stand for training field numbers.
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Table 7. Comparsion of correlation coefficients of linear and curved

7 5 = v I £ 3 i)
F v RV Japanese larch Broad leaved tree
Channel FHBAFR 2 FHBAFR 2
Correlation C Correlation C
coefficient coefficient
— R fE B — R fE B
Limear Exp. Limear Exp.
eq.rl eq.r2 eq.rl eq.r2

5 .84%* .66* 0.88 L90%** .83%* 0.61

7 .89** LT6** 0.90 .89** .86%* 0.34

8 —.87** —.86** 0.11 —.T4%*, —.90%* 0.96

9 —.91%* —.90** 0.10 —.79%* —.94%* 1.59
10 —.90%* —.94%* 0.58 — 7T —.95%* 1.81
11 78% 59 0.74 7% 64 0.23
7— 8 .94 .86 0.85 .88 .96 1.33
7— 9 .94 .87 0.76 .88 .97 1.64
7—10 .95 .90 0.63 .87 .97 1.93
5— 8 .93 .83 0.89 .87 .93 0.75
5— 9 .93 .86 0.82 .87 .97 1.60
5—10 .95 .89 0.74 .86 .97 1.94
7/ 8 .90 .78 0.92 .88 .93 0.61
4/ 9 .91 77 1.03 .90 .93 0.45
7/10 .95 .83 1.22 .92 .95 0.56
5/ 8 .92 .81 0.97 .90 .94 0.63
5/ 9 .93 .79 1.08 .92 .94 0.37
5/10 .95 .84 1.26 .90 .95 0.41

ClErlr2 DZEBIEOZED, ZORnEIZHTHHTH D,

**%013 95%,99% KET ORI A BEMEERT,

C is the ratio of difference between z-transformed correlations of rl and r2 to standard
error of it.

* and ** stand for statistical significance at the 5% and 1% level.



F-712kBE, 5, 7, 11 F¥ XA TIXIED, F¥ /A8, 9, 10 DITAHAINK TITA DR
NHLND, HEBRBKORESE2ARDLE, KRR TIEAT~VIT9F ¥ Fb, LERBILS F ¥
IR, BEXTIEAIT~Y, REBLEL 10 FyRrABnbotb@muy, LERN-T, BIKE
AN MUVEOBZRIE, IO F ¥ RAMICBWTHE o LEHETHL, 2D LI, AT
v U A REIZ LD ERERSH (F8E 1977) OER» L bER I,

R-TICBITL2HEBEOO0 EOFBEMEREEZT DL, T~V 11 T X ALOEHXOM
BRI, 5% KETHEMERRDO LN 2V, VIR b 5% E721T 1% KETHEENR
Do, Fl— kR EEEXLoEEHERETL2E, B T7~2YD 5, 7, 11 Fx¥ XNV TiX
— WA, IRERD 8, 9, 10 F ¥ XA TIHEHEXOMBAKREN G o TWEHN, AEAIZ
BOOLNENoT-, ZHITHHERDZNWZ L —RARZHLEEZLNDEDOT, LVEEID
TR OB RETH D,

F-TIZE, AT MUEO T ¥ XV OEELEEZ L fE%2 b HWinihE OMERE S R
LTWd, HAELEIL, il LeAX7 MASmoMm»s, BERSIOHRER &2 TT
ofz, ThicksE, CPOEBELBOLAELE T ¥ X NLOGE LV HBEFREITIREL 25T
Wb, ElH Ty TIE—kA, RER IR OMEBREAE D,

L7zl oT, A7 MUEERBEKEEOBFBRIZIE, H—F ¥ XL TiE 10 F ¥ X V0OHE
BAD, HELHELEZBAICIEF vy (7—10) @, BT~V TIE—RA, JKER TITERK
ANbo L E<HEALTWNWDHLEARDL I ENTE D,

B KL F 9 2 TRt o A6 A b e

AT MUE E B EE OBBRRIE, WThE2REBREBICT 20 TERBER D,
FP, AT MNERF BIERETAHEASICTHOVWTE XS, ZOMERRIL, BTV OBIK
BIZHT DA MEOELEEZERL, ZHIFAXRT MO EEZREL LIZGAORKRIX
KT OMMEERT EHRDENTE D,

FTIT, MEEBRLUBEIKEICHT DAY FVIEOEF

x=a+blogy
RO, W~V EIREMEERBR L, TOMBRER-SOLAMIITT, 22k D L, [
RREMOAEEITT ¥ v 9, 10 DRI L OF v x v (7—10), (5—10) o H L
ELIESGAICAEL TS, ZORRFREIIWTREIREBO TN KE W, LER-T, TR
WCCIXIREERNTI I 7 = VIR TREIKIZH T DM EN /NI NEWNnS T ENRTE D,

AT NVEIZ X D BEIR B O HEE

AR MR L IR E L OBBROE 1L, BMIKEZHWEKRLET 256G THL, ZOHK
XKZ2bbwnsdr e, AT MENOEIKEZHEE TE 5,

Z T, AT MVIEIZRT D i B L 7 B IK & o [B] R

logy=a+bx

R, W~V EJREREELKR L, ZORREER-8OHEAMIIRT, ZnicLd L&, 10
Fr 2 NVOBERMBBLIORF ¥ (7-9) OEELHERZBRWVTIIAREZTRD L,
LEERoT, AT MENOBRKEEZHET 2HAI1CE, 179~ Y LEREMLODODETE X
Twnkwnz s,

ZIZT, FxxN (7T-10) OfEEBEKEEOMBRER W (K-11), #HEx

logy=0.5049+0.02098x

T, T—HXEOHEAITEBBOREEFTH D,
ZOKITIX, File T — 22 BMT 258 0EHEBR (AXx71—561978) it ALz, 2D
fElx, A7 MEOFEEE (x=8. 5) O TiEE cm~+%% cm
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Table 8. Comparsion of regression equation in Japanese larch and Broad leaved tree.

H B £ % y H B £ X
Criterion variable y Criterion variable x
F v 1L EIEGEERT 7 W EIPGEET ) 7 Wk
Channel Regression Regression
coefficient Variance ratio coefficient Variance ratio
717 = R HER bR EE¥HE AT~V ) bl EIEFEHME

Japanese Broad Inter Inter Japanese Broad Inter Inter

larch leaved b abjusted larch leaved b abjusted
tree mean tree mean
5 9.8 11.7 0.15 0.90 4.36 5.97 0.62 0.72
7 13.8 16.1 0.22 1.10 4.13 4.59 0.11 0.94
8 —15.2 —22.3 2.46 0.02 —4.86 —3.66 1.27 0.00
9 —23.2 —35.3 5.17* - —3.52 —2.53 2.87 0.03

10 —19.7 —32.3  9.11%* - —4.52 —2.79 8.31%* -

11 7.6 8.7  0.04 1.28 3.55 4.74 0.21 0.66
7— 8 29.1 38.4 2.16 0.43 2.52 2.41 0.05 0.47

7— 9 37.0 51.4 3.42 14.37*%* 2.07 1.86 0.36 17.26%*
7—10 33.5 48.5 6.19% — 2.44 1.96 1.81 0.95
5— 8 25.1 34.0 1.41 0.22 2.72 2.62 0.03 0.26
5— 9 33.0 47.0 3.66 0.09 2.22 1.99 0.30 0.13
5—10 29.5 44.0 6.34%* — 2.67 2.15 1.48 0.08

y AT MVAE, x o BBIKEOXEE, T1EX10-2,
**EY 95%, 99% KMETOMENAEMEE E T,
y:spectral intencity, x ‘the logarithm of the depth of ash-fall, T:X10-2.

* and ** stand for statistical significance at the 5% and 1% level.

el iy

gma L
a4 /

: - 4

Ot il & g .\./
b

F ] 50
FoZi 7 - 10 Walue of CH ) - 30

B-11  F v kv (7-10) FHERT L BEK & O B
Fig.11. Relationship between the value of channel(7-10) and the depth of ash-fall.
1: 717 ~, Japanese larch,2:/x%ff, Broad leaved tree.
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Summary

In this paper are given results of investigations on classincation of forest damage
patterns and on changes in spectral signatures coused by ash-fall from Usu volcano using
digital image analysis of MSS dath in the Usu district in the southern Hokkaido.

The data were obtained with an aircraft multispectral scanner (DS-1250) at an

alti-tude of 3,650meters on August30, 1977. The digital image analyses of MSS data were
processed with the PIA program. Damage types caused by ash-fall in the study area were
no damage, slight damage, covering with ash, discoloration of leaves, shedding of leaves,
stem break and stem fall (Table 1).

The study area was classined according to damage types and land use types.

The classincation was performed by the maximum likelihood method conditioned on 15
dategor-ies (Figure 5) and channels of 7 (0.65—0.69), 9 (0.80—0.89) 10 (0.92—1.10)
and 11 (9.5—12.0). Performance for all training classes within the study area was 81
percent and that for 8 categories of the tree damage types was 78 percent (Table 6).

Regardless of difference in species or types of tree damage, the spectral histograms
formed normal distribution (Figure 8).

As tree damage become heavy, the spectral intensity in the channels 5, 7and 11
in-creased, but that in the near-infrared channels of 8, 9 and 10 decreased (Figure 9).

The correlation between the depth of ash-fall and the spectral intensity was fitted
well by an exponential equation using the cannel 10. In case of arithmetic processing, a
line arequation using the value of“channel 7—channel 10 "fitted data of Japanese larch,
and an exponential equation using the value of “channel 7—channel 10” fitted well data of
broad leaved trees (Table 7).

The regression of the spectral intensity on the depth of ash-fall expresses
resistance against ash-fall. In the near-infrared bands, the broad leaved trees’
resistance is inferior to that of Japanese larch (Table 8).

Confidence intervals for the depth of ash-fall using the value of “channel 7—
channel 10” were estimated in several or ten or more centimeters of width near the
average of the value of “channel 7—channel10”. But far from the average were estimate
those in sevral tens centimeters (Figure 11).

A digital analysis using the aircraft MSS data is effective for the survey of forest

tree damage or location of ash-fall from the eruption of a volcano.
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