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Site Index Equations Using Schumacher Model and
Chapman-Richards Model for Pinus Densiflora and
Larix kaempferi Stands’

Yeong-Mo Son” and Kyeong-Hak Lee’
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ABSTRACT

This study was carried out to develop site index equations using Schumacher model and
Chapman-Richards model for Pinus densiflora stands and Larix kaempferi stands. The data
were collected from 341 plots for the former and 493 plots for the latter through out the country.
For Pinus densiflora, the fitness indices in estimating dominant tree heights using Schumacher
model and Chapman-Richards model were 52.7% and 53.1%, respectively. For Larix
kaempferi, those values were 79.8% and 80.9% . Considering model flexibility, fitness index
and residual distribution, Chapman-Richards model showed slightly superior performance. The
range of site index with the reference age of 30 is 10 to 20 for Pinus densiflora, and 16 to 26
for Larix kaempferi. The shapes of site index curves deriving from the existing system and
the new equations showed little difference for Pinus densiflora. In case of Larix kaempferi,
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however, the existing site index curves were almost linear, whereas the curves from the new

equations had asymptotic lines.

Kew words : Site index equations, Schumacher model, Chapman-Richards model
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Fig. 1. No. of plots by stand age and comparison of sample data between this study and previous
study in Pinus densiflora and Larix kaempferi stand.
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Table 1. Dominant tree height estimation equations using Schumacher model and their fitness indices.

Species Estimation equation of dominant tree height curve Fitness index
—2L.0018
Pinus densiflora Hp =30.5423 ¢ %¢ 0.5269
Larix kaempferi Hp =35.2240 e ae 0.7981
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Fig. 2. Residuals in predicting dominant tree height using Schumacher model.
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Table 2. Site index estimation equations using Schumacher model.

Species

Site index estimation equation

Pinus densiflora

ST=exp(In(Hp) +21.0918 x (& — =

%)

Larix kaempferi

ST=exp(In(Hp) +16.0283x (& — =)
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Fig. 3. Site index curves using Schumacher model.
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Table 3. Dominant tree height estimation equations using Chapman-Richards model and their fitness

indices.

Species Estimation equation of dominant tree height curve Fitness index
Pinus densiflora Hpp =28.5423 (1 — ¢ ~ 0058 o2¢)0.5%5 0.5312
Lavix kaempferi Hp,=30.8571 (1 — ¢ ~ 00381 ese) 1.0 0.8088

Pinus densiflora Larix kaeapferi
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4 &
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Stand age Stand age

Fig. 4. Residuals in predicting dominant tree height using Chapman-Richards model.
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Table 4. Site index estimation equations using Chapman-Richards model.

Species Site index estimation equation
1 — ¢ ~0-02530 0.9995
Pinus densiflora SI=Hp W ]
—2 —0.0381%¢ =1.0939
Larix kaempferi SI=Hp [W ]
Pinus densiflora Larix kaempferi
40
35
~ 30 &
£ 25 %
5 5
£2%0 2
=15 -
:
g 10 S0
Qs
0 0
0 20 40 60 80 100 0 20 40 60 80 100
Stand age Stand age

Fig. 5. Site index curves using Chapman-Richards model.
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Fig. 6. Comparisons among site index curves using previous model(model I), Schumacher model
(model II) and Chapman-Richards model(model III).
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Fig. 7. Comparisons between new site index(base age; 30yrs.) and previous site index age; 20yrs.)
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Estimation of Weibull Diameter Distribution
Parameters Using Simplified Method-of-moments for
Pinus densiflora and Pinus rigida Stands’
Kyeong-Hak Lee® and Yeong-Mo Son®
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ABSTRACT

This study aimed to verify the applicability of the simplified method-of-moments in
estimating and recovering Weibull function parameters for the estimation of diameter
distribution in natural stands of Pinus densiflora in Kangwon Province and Pinus rigida
plantations. The data were collected from 341 plots for Pinus densiflora and 422 plots for Pinus
rigida. through out the country. With Kolmogorov-Smimov test at 5% significnace level,
Weibull distribution of which parameters estimated by simplified method-of-moments, in
which mean DBH, minimum DBH and standard deviation of DBH were used in solving
parameters, fitted 98.8% of the observed diameter distributions for all the plots. for Pinus
densiflora stands and 99.5% for Pinus rigida. stands. Therefore, the Weibull function with
this parameter estimation method can be used to fit diameter distribution for the two species
stands in Korea. Weibull function with parameters recovered by mean DBH and tree dominant

! % 20034 58 108 Received on May 10, 2003.
2 919} 79 Korea Forest Research Institute, Seoul 130-712, Korea.
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height also showed good performance in fitting observed diameter distributions. However, the
performance of 92.1% for Pinus rigida stands which are plantations showing was higher than
that of 84.5% for natural Pinus densiflora stands.

Key words : diameter distribution,
densiflora, Pinus rigida
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Fig. 1. Stand age distributions of sample plots.
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Zgolth, g Z7]el R4(scale parameter)
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p=c+a¥*ra +1/b (1a)
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o3 2] a9} b9 AE&FHNE IS 5 U
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Fig. 2. Weibull distribution curves for different values of parameters.
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ky=—10.078575996

kg =—0.004305716

ks=0.008804944

of W 29 W9l 0 o4 1.2 clsteln 1/ =
A2AA AARBAE 3.15- 1070 A
A gom, ot ARELIE 2R YoiA
£ @440 TAYRY BAlth Weibull
258 AW A% 2A4E acsa, cik
#H2A7)E 23 9 FeelA BA 4D
olg3te] b ANSE, Aolz Kt Tx I
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2 ATNE ERAY 95 FHL F

o
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IgHEAC R A F, FudAA ] Weibull
B¥Y B4E HAFa9dzd, diFadds
ol
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H, ool oja F+3E FLVAALEE thAl
FRAZEEZ BUSE AAE Adadth
Jelg B4 AAE AL ol fE o7t YA
o2 B dasnad e ARm)e 33
Q e, F2HAE 1AL(melH, Foe
WA ()& ol uth 7b7he 2349l 7] W o]t
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A 423747 FRuwAe AR U@
2442 Agsgon, 4 E2AA dal 3
FELVAA@BAZAN AWT ALE F
EEPICEREPS TETEICECE PR
H AW % Fruwde EFUAE AAw
weA gl ol FOARA Weibull $F
2548 23390, 3,
#4733 $A250 5
238e d¥el 4% 540 8 24 27
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B
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)
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=
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(parameter recovery)E 38t ony, o]S o] &
st AAREE FHAY.

¥ AP (fitness)d] g SAR HA
< 5% #9FFN4 Kormogorov-Smimov?

Y-S A&
dat 3 nF

1. Weibull&s 25 F3 (estimation)0i| 2|
et NARZO FF

Fnod A

EYUSE HaFadud, PFFaVUAS,
FAGAREFAR} Solv], T4 2H7L B
TAEE FHHNH, FFER o5 FHA
o ¥ee E 1% 2o, 2o 329 ¥y
2B FFEE AREE FHo| o}F g
& ¢ F ok 53 A4YA LA T2
F7F 3719 BE, B BE, 99 2y
FAA S W7t AF™Y ArinaurEg
4 go] Aol AFYEG A I o
ETEE /M3 &S AR £ o

Table 1. Range of estimated Weibull parameters.

. Pinus densiflora : 5 g
Species in Kangwon Pinus rigida

Parameterl a b c a b c

Max. |0.196 | 29.93 {1090.43)0.0329 | 4.31 |650.52

Min. |0.1E-6| 0.40 | 7.07|0.1E-6| 0.96 | 19.62

Zt FEA ] gt FHL FHEXY dA
FHAEEE vustd L& Kormogrov-
Smimov test(K-S A%) 2= & 29 YE
W oukel 2o, JAYQ ALdARLYFY A
+ F U EFEA Fo 3T EEA,

Table 2. Goodness of Fitness using Kormogrov-
Smimov test at 5% significance level.

. Pinus densiflora| . o
Species P — Pinus rigida

Fitted plots/total plots| 337/341 (0.988) | 420/422 (0.995)
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Fig. 3. Comparison between observed diameter distributions and estimated diameter distributions.

Z AAFEFA 9 98.8%7F 5% frolFEellA
K-S #4738 oA gk(critical value)% 57} st o
o], JdFdQ YNayTe 220 EEA F

42079 EEA, F 99.5%7F Tt DA
2ol o8 24 48 Weibull 4B EEE
£ +39 0UP AAHALIYNE 2 A
L AEE T 5 3

£ AEAS w52 G 2
=, dAg Aoz A4Yee] 4ALEE 2
AgA7T 98E ¢ F Aot

2. Weibullgts= 25 87 (recovery)0fl 2|5t
ARZO| £H

Ax gurRoz FAHE dESEAHA BT
AR A Sl 3 HAHA El 3
7 AL 73 A3 F 33 F 43 2o,
Y FFAdME HYAE F
A4 By dngo] o, FEIL
AME dFH YrgauTrt FAFdA A
QAR AEYFE B} Aol Eokth.

3" Ho™A 2 A2 A4 g Fod
HWA o FFEAXNE FIte FHAE 7 2H
£ X 59 2or, AFEY FrittavFodA
o] 492 (93.8%)°] HABA DA T YT

Table 3. Minimum diameter(Dy:x) estimation equations by mean diameter( D) and dominant tree

height(Hp).
Species Equations Fitness index
P densiflore Do =—5.2215+0.7100 D+ 2:125L 1251 0.7378
in Kangwon
P. rigida Doin = —3.8831 +0..6866 D+ 2L-8723. 8723 0.8754

Table 4. Maximum diameter(Dn.) estimation equations by mean diameter( _D) and dominant tree

height(Hp).
Species Equations Fitness index
P. densiflora _ e
i Kayigonm max = 9.0699 +1.1102 D+0.1665 Hp 0.8366
P. rigida D e =0.2572+1.1955 D+ 0.4173 Hp 0.9489
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Table 5. Standard deviation of basal area(BAsp) estimation equations by estimated maximum
diameter(Dmer) and estimated minimum diameter(Dpmin).

Species Equations Fitness

P. densiflora _ s .
in Kangwon BAgp=10.5033+0.1979( Dpax“— Diin") 0.6144
P. rigida BAgp=—3.3220+0.1778( Dy’ — Dyin®) 0.9382
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1. AHg - FFF. 1998, ATHF AAHo|
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Fig. 4. Comparison between observed diameter distribution and estimated diameter distribution with

recovered parameters.
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Estimation of Growth Function in Chamaecyparis Pisifera
Stands by Data Input Type'
Kwang-Soo Lee’, Jin-Taek Kang’ and Young-Gwan Chung®

L

Data®<] #43 219 Fejo] ©E FHFE FoE g YAPFS 3T A, &
goke] fitERE o+ Schumacher polymorphic AI%], MEERA R = C-R polymorphic NI
o] ¥ Auzy PSS Hyon, #HMERNE C-R anamorphic NI4jo] A stgct.

®EHEAR HEEREY BEE4ERJIME C-R polymorphic NI, ##ig4E= Hossfeld
polymorphic Al F4#4o] & A¥dd AFPHE HAFATG. 4%k doixe C-R
polymorphic NI £ w2lo] i, MEER 13lx BMHERS #ES =Y AT Aoz U
123 3=

ABSTRACT

This study was carried out to analysis of growth function of each crown classes and
sections, which is followed by data input method and numerical formular form in
Chamaecyparis pisifera stands., Al input pattern of equation of schumacher polymorphic in
height growth of dominant tree showed high coefficient of determination and fittness, and
NI input equation pattern of C-R polymorphic showed high significance in growth of DBH
and C-R anamorphic equation in volume growth showed high significanceand fitness,
respectively. NI input equation pattern of C-R polymorphic in height and DBH growth of co
-dominant tree, and Al input equation pattern of Hossfeld polymorphic in volume showed
high significance. NI input equation pattern of Chapman-Richards polymorphic in recessive
tree showed high fitness.

Key words : Chamaecyparis pisifera, schumacher polymorphic, C-R polymorphic, C-R
anamorphic

! % 20034 58 148 Received on May 14, 2003.
2 o1oJed ¢ Korea Forest Research Institute, Seoul 130-712, Korea.
S ANetn Sogist AAdBete AP 498-dF Dept. of Forest Resources, Faculty of Forest Science
College of Gyeongsang National University, Jinju 660-701, Korea.
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#® w
=9 e A FHHA sk 87
ARE e BFAQ FEAEE AH, 4
A% 9ol gastel 4P Bk Al
Qe FoiZ A1zt) W@ AN I= 57,
32, A4 59 A4z FdL,
Q=@ YA H4EH A2 olng 9

Fo w2t ¥AL sigmoid curved LE|H,

o Byel FHAT AT AR APV =
Fo 9z ARy FIRD opiz 43
B 2P 2AA 227 o

3 Q5o 4373 ¢ PR A%t AHE
L. 7)==

1, 1822 ®141% 2 (non-linear) 4 EAFIZA
91 Hossfeld Vo] WE =AM Aat #4& &
A =gk, 28y 2 F e AFEAQ0 AFFA
B3 ATE AEF o FYPHA P, B
2  Gompertz2](1825),  Logistic?](1838),
Monomolecular(1891) 2 Bertalanffy (1898)4]
Sol HEHY oY ol BF A 2 A3 st
S o] gd RAolA:, 14717} Ad Folof &
E RG] o] &E]7]ol o] 2Rttt ZF HAFAY
AAFE A2 S gotsled 2% HS
2428471 A1 AL 19208 Ul 7 AYREA o] %
e A 5o AEHUT. wEtA] o]He] o] &5
A 2 X3]A2], Huxely?], Yoshida?] 5 &
AA o] AXPez Qlste] Azt Frtel uwheh
A5 yAS At e B2 F7 glen
2 Fa 49 AgHErt EoE Aoz Beln,

Az AFTG o] #E AT o] FHA
g3} (curve-fitting approach)e] F& o9&
Hz gloy, Ha FeAA T2 oW o] 843}
o] AbEAtgdol] ot 4 2 AAEH S o)8st
71 43 548 AR AFH 2dy WyPs )
Wty ok, AR FEd S #} AF2Re
BT AT 9 85 Bt dBFEHEE F
A3 ATE AZE 1987d7HA] AUE 9] 25|
g B¢k 9 Aalo] o]RoFon, FAAIAWT
Holl 93 ZAAIF 3 9 YF FHEE A
IFFFAFA A7 °1F) L FH =
AZF FREAT, 23 AYHA EA R et
#A} olof] WE FHAES 3} YRLEHIYT

Data #AJ R & fEmpkse] EREYK #HE

2A(1985~1987)¢] B8 277 JPATLe
o3l AP oz Fasolznt. 1 9 Aol 9
Ne FHEg198)e 43R d48E P4
A7) giete] 2AA 2R 25 FY%
9g AR o o], FEH(19)E Weibull
PEE 087 UPE FHAZRAE AL v}
93, MEH(9)E Richards@5E o83}l
AR 5E 23R, 2 9 Weibull 2E
A2AARESY BAT AFF FEA98Y),
Mitscherlichs] 27} ¥4 AFEs A2g 2
A3 HET99) Sl olsted MAFA 4%
9 sgzde] 9% A7 vk

gep 2 A7 Fug el tatel Y
ol W2 Data TYYHS Zeidtel BBASE
291, o8¢ o84 - $AKe=s AW
o2 9% 4R A1 YFAE 4
BenA s,

" F

1. EfERE

ZAAE Mgl TS A g =l
BAEj7t FEF A ARG s zAR ] O
stod 12719] fEiso] HAFEAS A &
MRS Zpko 2 T3t & BN 124
o] RS RESATE. REBREANA HEK
A Bl w7t FHestEE MR I ' BFEA, B
B oM BEHA, a2lz Bk s
F#oRo|l AAHEE AT, FAHH S Hst
of HAE e st HEme RIREAIA
AR Y Eolot R o|3E FAtsto] #
BZ AT, MEERS 452 33 g2
FHstH o, BB Huber B4 RiEE:
o ojate] e, 7t kA FHkE, B
BEE, BHBRHES A4S o (Table 1).

Table 1. Tree height, d.b.h and volume in
Chamaecyparis pisifera stands.

Height DBH  Volume

Sample tree (m) P )
Dominant 16.1 23.4 0.3147
Co-dominant 14.4 18.8 0.2025
Recessive 9.9 14.8 0.1008




FAEHe] MRS AW B FEPRe] Tk
£ 16.1, #EEHKRL 14.4, £EAKRE 9.9m= Y}
Bl o MgEE-e 23.4, 18.8, 14.8cm, i
M-S 2 BE&AIE 0.3147, 0.2025, 0.1008m
22 A4rEAH(Table 1).

2. & REMHEE

HERS] Bkl tistol WEEM data
BAHR, HERe Mol oo LREES
#EN7 AT WRAE Gt 2o},

(1) Hossfeld polymorphic
(2) Hossfeld anamorphic
(3) Schumacher polymorphic
(4) Schumacher anamorphic

(5) Chapman-Richards polymorphic

(6) Chapman-Richards anamorphic

FAASF A 6(1). 2003 17

A7t QelFEA Y o2 PR, 17
llkﬁfz;lf“-a— AR de 8 AFE 23]
999948 B Aol FeIIn
L 323 AFsel A2 AT AL WA

Avesc, dudos HARY| Wo] ALL
e BATE RERKOIL, BEREE A8
4 2go| drht ARE QYA Rshe A
£ Yehie AxolA8 ¥ d7oqE A1eH
T 2Ye 54, 3 gERKS ¥9 L By
Byel £ nelstel A4 YIS SAstel o

Yo=1/(AY)(T1/T2) +(1/a)(1-(T1/T5) )

Yo=1(1/Y)+6(1/T>*T:9)

Yo=exp(In(Y1)(T1/T2)+a (1-(T1/T»)"

Y2=Y1 exp(-B(1/T1*1/T:"))

Y2=(G/ r)ll/(l-191(1_(1_()»/0)Y1(1-L9
exp(-N1-A)(To-Tp)/

Y2=Y1((1-exp(-BT2))/(1-exp(-BT1)))"

Note) Y. Growth at age Ti. Yz Growth at age T:

HIE M data AF R e EREES
Z33t7] 93std Hossfeld, Schumacher, C-
R(Chapman-Richards)®< =¢3t93, °]S
B2 ©}A] anamorphic & € 2tpolymorphic &
HE TR, i ok £ BAS
FA st dAM, Az YA net 3
45 KR o] f2A o, oAy ¢
AZEAGNA A58 =3 3}3?\13}“‘ anamorphic
o] bty P FEA oY, S E A
At 285 $3sYo®  anamorphic,
polymorphic F 23 9] Ap&o]] o}F& | fo]
k. =3 A8 #AKEA =, NI
(nonoverlapping growth interval)9t Al(all
possible growth interval)® Wo] FHEIER
e 235 ol Re =37 S5k Azt
< BBEE, ERETE REBHE 2
Attt

3. R HEH B

ZALE AR E ol &35t £ARAE #ES T,
BfEEd ol A 2% AF % FE£F
YeghFeds(convergence criterion)S AAH A

=% 22 28E o] &3tunt.

(1) fRf5(Bias), (2) Fiia#{Rz=(MAD, mean
absolute deviation), (3) BZ=o] FE#{R3:(SDD,
standard deviation of difference), (4) AHEHEE
B 5E4(SSRR, relative
residuals).

REEge] et =, #HiE B |
et BTt O e A ol RERES At
71998te X9 2717} GebR| 7] W Eo o] &
Bl A AlArE gERBe AA vmob o g

T e RESHKS] S 2ed sig
2 BYo) we} Biegrel ot Fokehd g
EfREE A3 716 2. gebA A
AAE 4709 #E(Shin, 1993)°] wiete] A
o FE HEHES =&steln ok, BEMHE
gl glolA 9] fRff(bias)e R R A=
£ Yell & FH2(mean difference)o|t}, ©
HEtES ERETES, B, B2 Bl
fEist 2 2o oste] A HeEERIS] Aol
E BET Aoz R uE #ERNS F
et #EtR 5, #ERC] FHNoE Bk
o] Zgkel did] #AA FL U g F=UsS

sum of squared



FEsle Aoz, FiiEEEzEMADE Z
#eEEel e Adige I ez A
329 #Ae HFHY 278 el A
ole], 7ol wetr AAA ﬁﬁ.ﬁé‘d 0s 34
oz dHe 9o Joy, n2A EXHo A
Heloz A4 242 %7} 7] w2 Ao
#He H3Ao| T, zAbe] Z#RzE(SDD)= A
olg EEAAZA A FAAES JYE =
RolH, FdZAA FF(SSRR)S #EX ) of
@ 2t zxpe] =79 BAHE AUE =219
@S Uehinl, ZAAwe gteg FEoA o

Data #AH R A& BT EREH HE

A% (outlier)o] & A O 2 SAFEG &
A o uzstA weste SAFed. 484
2 9 3P SASS  Univariate,

NLIN #3 oA 2Ast5tt.

.{

BR Y ER

1. B8K £REH #E

Table 2 2 314, EHAKS fE FHd+=
NI £¥4lo] AIXEt}, 3 polymorphic
o] anamorphic RX2t}, Schumacher?jo] Tt 2

Table 2. Coefficients for general equation fitted to nonoverlapping and all possible interval of height,

d.b.h. and volume in dominant tree.

Growth . Parameters 2

P Equation Input data r P - 3 8 - ;2839
. NI 17301 5.670 = = 2
Hossfeld P Al 1530 %7%0 o o 0980
. NI - - .0210 .0300 2

Hossfeld A Al y - 0.058(1) 0.0050 8.3;03
NI - 3.4401 0.9 - 07
_— Schumacher P Al o 41771 0.6210 - 0.9960
e1g Soluacher A NI - 0.9450  12.4810 - 0.9882
R Al - 0.6780  9.8613 - 0.9962
T NI 0.1371  0.4910  0.2011 . 0.9941
Al 0.0351  0.0510  0.7922 - 0.9833
BB & NI 0.8690 ” 0.1551 - 0.9848
Al 0.8381 - 0.1151 - 0.6648
NI 2.0423 5.6742 = - 0.9938
Hosaleld P Al 1.851  37.3280 " < 8'3713
NI - - 0.0457 0.0179 .9444
Hossfeld & Al - - 0.07:% 0.0015  0.5881
NI - 5.2858  0.53 - 0.9961
SERONE BRI G B
Schumacher A Al - 0.5857  11.7560 - 0.9445
i B NI 0.0878  0.2103  0.2110 - 0.9976
Al 0.0414 00612 07958 - 0.9753
Bl & NI 0.7931 0.1009 ~ 0.9952
Al 0.7933 - 0.0843 = 0.6094
NI 2.8912  0.0109 - = 0.9725
Hossfcld. P ﬁ% 31252 0.2936 - - 0.7794
- = 0.1372  0.1123  0.8756
Hpssleld. & Al - ; 0. 1z 020 .39
- 0.2503 1. - 0.9984
i ke B Al - 11167 07865 - 0.9702
S NI - 0.8314  31.5830 = 0.9807
Al - 0.5171  23.6250 - 0.8532
- NI 0.0059  0.0051  0.5654 - 0.9995
Al 0.0219  0.19%1  0.3213 - 0.8949
Bl . & NI 0.9225 - 0.1267 . 0.9961
Al 0.9068 - 0.1047 = 0.4150

Note) P; polymorphic, A; anamorphic, C-R; Chapman-Richards.
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Table 3. Estimation of fittness for nonoverlapping and all possible interval of height, d.b.h and

volume growth in dominant tree.

?;;‘:)’:: Brition I;‘;’t‘: Biss SDD MAD SSRR

NI 05086  2.0728 1.6031 3.6960

Eossteld P Al <0.1760  2.4914 2.1721 5.8242

NI 2.8679  2.9588 3.5580 14.2289

Hossfeld A Al 8.6733  5.2088 8.6733 100.55

NI 0.0773  1.6305 1.0680 2.1332

- Schumacher P Al 0.0267  1.1293 0.9039 1.1911
Sehumacher A NI 0.0907  1.8850 1.1842 2.8509

N 0.0585  1.3287 1.1109 1.6513

cor b NI 0.0000  1.3494 1.0164 1.4567

Al 0.0444  0.338 1.9979 5.1062

il A NI 0.2854  2.0667 1.5049 3.4985

Al 6.6360  7.8961 8.9839 102.229

ossield P NI 0.4264  1.7303 1.4134 2.5757

Al 0.3%1  4.1578 3.4790 16.2476

ossteld A NI 49857 2.5098 4.9857 23.4073

Al 13.33%5  7.7333  13.3335 2335967

PR NI 0.0250  1.4276 0.9540 1.6311

—_— Al 0.0194  1.4060 1.1145 1.8454
N NI 0.0375  1.5440 1.0062 1.9086

Al 0.0308  1.8153 1.4537 3.0766

c.r b NI 0.0000  1.1139 0.8741 0.99%6

Al 01222 3.8699 3.1663 13.9930

P NI 0.1509  1.5575 1.3723 1.9634

Al 9.3139  12.0178 _ 12.2612 21,5436

Bedin @ NI 0.0166  0.0355 0.0322 0.0012

Al 0.0230 01242 0.1015 0.0149

Hossteld A NI 0.0665  0.0414 0..0665 0.0058

Al 0.1749  0.109 0.1749 0.0418

Schumacher P NI 0.0004  0.0260 0.0227 0.0005

Velume Al 0.0103  0.0478 0.0390 0.0022
Schumacher A NI 0.0049  0.0333 0.0289 0.0009

Al 0.0134  0.0705 0.0521 0.0048

Eol P NI 0.005 03551 0.0040 0.0003

Al 0.0080  0.0422 0.0330 0.0017

corR A NI 0.0013 00152 0.0121 0.0002

Al 0.1200 _ 0.1479 0.1565 0.0370
2q5Ht A¥dol  ®A  uJewt. Q& $4¢ C-R anamorpohic 48 Al %

Schumacher anamorphic 219 NI¢} Al +%
oA parameter S 3.389 AolE HATE.
parameter @& Hossfeld polymorphic?] A
NI} Al 219 Aol YehliAdct. ol2d
AT S FAAA i F2S 334
AR % datadl TP o] et FH] A=
7} B2A yehg ¢ glte AE BdFe A
ojg} Algd®, Hlw3 @& AHYS Holn

wAolth, MEER A&olA, Schumacher
9] polymorphic] & A|9lstae A7l NI Bt
o AwdE HoFeny, polymorphicd
e} 7} anamorphic3t FElH T} HE AR A
S} AlRTIAE L AYYE S BAFa 3o
W, ERERS /M & 283 #42 C-R
polymorphic NI 422 uehgoh, #hAke F
AF A BiEERS FE8 & 2, &



20 ol%%-7ad - 3gB
B, ERIE 24 AlS NI 498 9
ol Be HolE Ho BMHEAEERES FF
UM Al AHEA F83] AEZ Fo &
43l Ao] uiEz & Aoz #asy, C-R
polymorphic NI 2]o] #iffiA&RS] F3 o &
T & Aoz AgHH, 2dd dig 4(Bais,
MAD, SDD, SSRR)7IA| A4 H7F dA 7]
Fol  Ystd  #EARAE  Schumacher
polymorphic Al #xX4lo] AgstA HAEHA
t}. o]gl s A= Paul(1983)e] Loblolly pine
of whsle] FEMAE IS A& A

Data H#AF Rl & fEiamrel EREHE HE

Schumacher 2}l Aol EJ}the B
FALEE AnE B Fglon, MEER A&
A& C-R polymorphic NI 4]o], &#fER
ol &= C-R anamorphic NI $<14]o] th& 4
o Hlste] 2 gstA VERFTH

2. EBPK £REHY HE

Table 4 2 594, #FEHAKR HEER F3
ol &= NI F4%2)o] Schumacher polymorphic
< A9tz Al Hlole FAW2] B} 459
o] &=tom, polymorphic &€l anamorphic

Table 4. Coefficients for general equation fitted to nonoverlapping and all possible interval of height,
d.b.h and volume growth in co-dominant tre.

Growth N Input Parameters 2
factors Equation data r a B 8 R
T NI 1.9939 3.8476 = = 0.9920
Al 1.8971 27.3729 - = 0.9686
NI = - 0.1680  0.0051  0.9353
Hossfeld A Al - - 0.0470  0.0212  0.5679
NI 5 44563 0.6203 = 0.9961
A Schumacher P Al = 4.8130  0.5560 . 0.9962
scumacter o NI " 05679 12.2490 ) 0.9949
Al , 0.4712  11.9095 = 0.9946
Bam P NI 0.0160 0.0252  0.4546 - 0.9995
Al 0.0544 0.0724  0.8351 = 0.9737
el X NI 0.8238 - 0.1096 - 0.9987
Al 0.8221 - 0.0901 = 0.5917
NI 3.3237 0.2825 - = 0.9766
Hossfeld P Al 1.8700  -118.1263 . . 0.9168
NI = - 0.0811  0.0209  0.9442
Hossfeld A 4y < - 0.0771  0.0043  0.4938
NI - 15.5240  0.1252 = 0.9622
L NchlE T I BN
Schumacher A 47 . 0.0933 24.3670 = 0.9259
fap. NI 0.0972 1.0491 -0.5193 y 0.9784
Al 0.06% 0.0891  0.7692 . 0.9703
Eem - A NI 0.4529 - 0.0294 - 0.9604
Al 0.1465 - 0.0631 , 0.53%5
NI 46774 -54.3203 . - 0.3980
Hossfeld P Al 4.0400 0.1993 - . 0.9216
NI = - 11398 0.215%  0.3200
Hossfeld A 4y : - 0.1506  3.0598  0.3200
NI - 1.9722  0.8909 ~ 0.4300
s, R i Al = 1.1900  0.0004 - 0.8936
et & M - 0.1498  0.1163 - 0.2560
Al . 4.7213  0.0001 . 0.2553
sow N 0.1 0.0005  1.2401 - 0.4500
Al 0.0097 0.0099  0.2439 - 0.9148
5. & NI 0.0814 - 0.0004° . 0.4000
Al 0.8469 - 0.0662 ~ 0.3617
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Table 5. Estimation of fitness for nonoverlapping and all possible interval of height, d.b.h and

volume growth in co-dominant tree.

?“’Wth Eaiition ot s SDD MAD SSRR
actors data
NI 0.3485 1.1813 1.0307 1.2435
Hegdd P Al -0.2233 2.6740 2.0960 6.7234
NI 2.8403 1.5478 2.8730 10.7111
Bpesield & Al 8.2051 5.1381 8.2051 91.9655
NI 0.0025 0.8697 0.7471 0.6051
Height Schumacher P Al 0.1211 0.9142 0.7567 0.7948
B ot NI 0.0060 0.9637 0.7953 0.7430
Al 0.0466 11114 0.8800 1.1550
g NI 0.0000 0.3024 0.2253 0.0732
Al -0.1089 9.4641 2.0160 5.6793
Eom 4 NI -0.0217 0.4085 0.2689 0.1339
Al 5.7981 7.5000 7.7247 86.1263
I NI 0.6310 2.4794 1.6046 5.3162
Al -0.2503 5.9872 4.2962 %. 1532
octed A NI 2.6573 2.5895 2.6547 12.4123
Al 10.8858 6.6155 108858 159.3498
I NI 0.5176 3.2130 2.5773 8.5271
I Al 0.9654 4.1312 9.3737 16.8616
B o NI 0.7139 3.1477 9.2727 8.4361
Al 1.0235 4.8880 3.6187 93.3476
c.r  p NI -0.0000 24626 1.65001 4.8518
Al -0.1016 3.1607 2.1396 9.3357
C-R A NI 0.8880 3.1897 2.9506 8.9283
Al 7.6901 9.7002 9.9825 146.9592
Hossield | P NI 0.0364 0.1167 0.0658 0.0122
Al 0.0026 0.0515 0.0407 0.0024
e @ NI 0.0664 0.1082 0.0644 0.0137
Al 0.1122 0.0969 0.1122 0.0213
Schumacher P NI 0.0354 0.1135 0.0644 0.0115
. Al 0.0206 0.0559 0.0414 0.0033
Sehumacher A NI 0.0850 0.1035 0.0805 0.0150
Al 0.1232 0.0092 0.1232 0.0231
Bl B NI -6.6707 0.2747 0.3335 5.0353
Al -0.0121 0.0531 0.0451 0.0027
som i NI 0.0322 0.1171 0.0713 0.0120
Al 0.1178 0.1882 0.1348 0.0469

B} dwgo]l A eyt 283 poly-
morphic F&o]A C-R NI 4j¢] (0.999%5% A4
do] & HR 2o} B4 veEed, 3 3
=7} e g S Hossfeld polymorphic Al &
A 2o] 0.96862 2 ThE A e Hlwdtd &
o e AgE S Bo]F v}, anamorphic 3 H
o glojx = Admgo] £ 212 C-R NI 4]
0.99872 =& A%y S RAFAY.
MEERER FFdME NI/F AIRY 2

HYge HaFd3m, 53 Hossfeld anamor-
phic, C-R anamorphic 2} o|A F7}7] T 532
o W2 dwel zo|7t A YElGT. AH
go] e gR o2+ C-R anamorphic Al ¥
91kl o A (.5325, Hossfeld anamorphic Al
Ao (.49382 ZH2 JERRTE. B
RN E f#iE, ERERTE 28 ZE #R
£9 d9go] YA YeETh. polymorphic
o] anamorphicc A Bt} A® o] JHoz &



tom, BiEERY FHAE CR
polymorphic NI 2]e] Ad=go] (,91482 =4
eyt ony ¥t o] C-R anamorphic AI4] o A
0.36179] Ve A8 S B Fc),

A AH71F0 me} #iEk EFEHAK
U EREHE F3T 29, HEERY BE
BEEERS 2 Ed3e HHXS C-R poly-
morphic NI2| 2.2 velton @it RoA
Hossfeld polymorphic Al < W2] o] 2 g3}A
Yelgth, ol2ld 23+ Bruce 5(1987)9 F
Ao AP HAA N hoiA, AFA ] FHF

% Data #tAHR AT eMarks e EREW H#E

2 L SR EER BEERELRRE
we} Afol7h drke Ast A4 A FE B

Fa A,

3. 8K £REY #E

Table 6 2 7oA, %%k HEER F3
ol oA, MEHKS HEARI VIN=Z
NI2je] A& o] (0.9484~0.99939] ¥ ¥¢
g HoF wkd, AlZe] 0.5893 -0.9961=
B, NI Sgwao] o3 F329 Aol
=7 Yebstth. polymorphic2} o] anamorphic

Table 6. Coefficients for general equation fitted to nonoverlapping and all possible interval of height,
d.b.h and volume growth in recessive tree.

Growth . Input Parameters 2
factors Equation data r a B 8 R

e p N 199 3.8176 = = 0.9920

Al 1.8971 27.3729 - , 0.9686

NI = - 0.1680  0.0051  0.9353

HossteWd & g7 - - 0.0470  0.0212  0.5679

NI i 44563 0.6203 - 0.9961

. Schumacher P 5 - 4.8130  0.5560 - 0.9962

R ) 0.5679  12.2490 . 0.9949

Al - 0.4712  11.909 - 0.9946

c.r p N 0060 0.0252  0.4546 " 0.9995

Al 0.054 0.0724  0.8351 . 0.9737

c-r  a NI 0.2 - 0.109 - 0.9987

Al 0.8221 - 0.0901 ~ 0.5917

NI 3.3237 0.2825 - « 0.9766

Hossfeld P A1 7g700  -118.1263 - : 0.9168

NI = = 0.0811 0.0209  0.9442

Hossfeld A ) - - 0.0771 0.0043  0.4938

NI = 15520  0.1252 = 0.9622

O . 5.4766  0.5036 - 0.9464

B e i N , -0.2699  -2.6946 - 0.9622

Al 5 0.0933  24.3670 . 0.9259

c-r p M Lol 0.0972  -0.5193 = 0.9784

Al 0.0891 0.0625  0.7692 ., 0.9703

c-r A N 0452 = 0.0294 - 0.9604

AL 0.7465 f 0.0631 5 0.5325

NI 4.6774 -54.3203 = . 0.3980

Hossfeld P A1 40400 0.1993 = , 0.9216

NI = p 1.1398 0.2156  0.3200

Hossfeld A 4 ; = 0.1506 3.0598  0.3200

NI - 19722 0.8909 » 0.4300

Volume | umacher Py 2 11900 0.0004 - 0.8936

Schumacker A NI - 0.1498  0.1163 , 0.2560

Al = 47213 0.0001 - 0.2553

c.r p N 0m1n 0.0005  1.2401 = 0.4500

Al 0.0097 0.0099  0.2439 - 0.9148

c-r A N 00814 . 0.0004 . 0.4000

Al 0.8469 . 0.0662 = 0.3617
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Table 7. Estimation of fittness for nonoverlapping and all possible interval of height, d.b.h and

volume growth in recessive tree.

?;gt‘z;‘: Equation Iga"t‘;t Biss SDD MAD SSRR
NI 0.1568  0.7298 0.6521 0.4507
bossfeld P Al 0.1356  1.5432 1.2083 2.2413
NI 1.3208  1.4221 1.5787 3.3864
Hossfeld A Al 5.2330  3.0333 5.2330 35.9728
NI 0.1083  0.5204 0.4601 0.2360
- Setumacker £ Al 0.0362  0.585 0.4950 0.3202
S NI 0.0086  0.6047 0.5202 0.2926
Al 0.030  0.7475 0.6047 0.5225
T NI 26 0.2220 0.1664 0.039
Al 20.0704  1.1511 1.1908 2.1375
c-r A NI -0.0017  0.3052 0.2142 0.0745
Al 3.6565  4.6875 4.8341 33.8771
NI 0.725  2.2047 1.6302 4.7393
Hessield: - F Al 0.2553  4.3148 3.6792 17.4418
NI 2.9668  2.2593 2.9668 12.8858
Hossfeld A Al 9.0282  5.7343 9.0282  122.1998
NI 0.2339 21246 1.5311 3.6661
- COlRMaE e Al 0.5575  2.8657 1.6716 7.9759
Sebumacher A NI 0.4188  2.3454 1.5929 4.5762
Al 0.8928  4.0676 2.8959 16.2397
Bl NI 0.0000  1.2658 0.9623 1.2819
Al 0.1398  2.6091 1.9370 6.3731
St & NI 0.2356  2.0313 1.3119 3.3565
Al 6.7010 _ 8.0628 8.6390  105.5785
Hosield P NI 0.0037  0.0081 0.0072 0.0007
Al 0.0035  0.0343 0.0240 0.0011
T NI 0.0202  0.0212 0.0202 0.0009
Al 0.0771  0.0631 0.0771 0.0096
LI NI -0.0003  0.0055 0.0043 0.0002
N Al 0.0491  0.1860 0.0501 0.0347
VY NI 0.0008  0.0070 0.0059 0.0004
Al 0.0054  0.021 0.0182 0.0008
c.r NI L4E-6  0.0027 0.0022  7.346E-6
Al 20.0003  0.0336 0.0285 0.0010
Eel 8 NI 0.0002  0.0037 0.0030 0..0000
Al 0.05%  0.0739 0.0714 0.0086

Bt} AREH] W parametere] F% ol
=74 Jestth. C-R polymorphic NI2je] A
2ol 0.99932.2 T2 HRA Bot =4 UERe
B}, anamorphic FEjo]A C-R NI#o] A5 3
o] &7 Jebgt:, Hossfeld Ald S o2 R
o vl3le] Aol WA et

MEERE A& F4d JojA NIzo] AIXE
t}, 18] 3 polymorphice] anamorphic Rt} ¥
e A9 g ¥odF3 glth. C-R anamorphic

ATA o] A= o] (.5380, Hossfeld anamorphic
AlAe] 0.50912 YeRt o2 gl vlste] A
o] "ojHth.

whid Rl oiA, C-R polymorphic NI
Aol Mdwgo| FA YEWen, gfo=
Schumacher polymorphic NI, C-R anamorphic
NIZlo] A Jelsten, Hossfeld anamorphic
AI, C-R anamorphic AI?} & $2 A9 & &2
o FAT.
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Diameter Growth Equation for Cryptomeria japonica
plantation in Gochang region'
Sang-Hyun Lee’

ol M5 (Cryptomeria japonica)
A o < % %—’F*&cﬁ]/ﬂ N8 T2 A
A8 AAl F HolHE ol &3t HA9 FuAA FAHAS AHNY. 5F 2 0F 6
S dolEo Agd 2% tF WA 2o 5F WAHEG £33 AP L BHYa o F
Schumacher t+84}Q1 Dy=exp(In(D)(Ti/ T)" ¥ +3.665(1—(T1/ To)*¥Y) 71 743 S48 2oz
Ay EHAG, £ ﬁ—?cﬂl/ﬂ AAE AUEY JZ4F 34 =P dolHE /Ay 28 43
< o FRA Y gdid 2AFF F9 A AUF AF FHY A g AR
o]l& & & 918 Aoz #wgdY,

ABSTRACT

This study was carried out to develop diameter of breast height equation for Cryptomeria
japonica, which is one of the main plantation species in the southern regions of Korea. The
20 trees were selected for stem analysis at Mt. Moonsu, and the stem analysis diameter data
were used for developing best fitting equation. Of the projection functions tested, polymorphic
equation showed, higher precision of the fitting than anamorphic equation, and Schumacher
polymorphic equation of Do=exp(In(D)(7Ti/ T0)" ¥ +3.665(1—(T1/ T»)°®"Y)) showed the highest
precision of the fitting among them. This equation, therefore, could be available as basic
information for estimation of growth and management of Cryptomeria japonica stand.

Key words : diameter growth, polymorphic equation, Cryptomeria japonica
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WaE dEhizl Bz ole@ WeEe 4%
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@, 19803 714 AAsk Are] BHE, 47
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WEHQ 2AFF AIE 2494 F 4 3
9 AEAY 2F BEE 3RS 4347
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1. AFAX & HE

A7 U8A 2 At AdE B4
Bolwst AT AEE YT B4
HRgoss e 727 3@ Yre

EEXNE AF3AAY. 98 2F
20mx20m=Z tHov 20709 FEFX o x

AL 2 o E2AE AASIYY. 28 &
9] o] | Folyt HgtEo] Qle ¥ F
Holmg goFEd o3 1Eo FEE
Adsle] WA & FMEE AAEAT.

YR FEES gF 3L 5d0|Axn HF F
1A F3E 242 16.8cm, 13.0mo] AT},
EF, EEA Y AAEE 15~20. 2A Hl2F

N
lo,
S
N

®

LS

o oto 2 AN rir foax f

SR, EFRHE Aed ZALHE
F(Bg)oz2A g ALFEAT(Table 1).

Table 1. A summary of sample plots statistics.

Number |Mean ages(Mean DBH| Mean height | Slope | Soil
of Plots| (vears) (cm) (m) (°) | type
% 16.8 13 g
D1 as3m | 23 | ao | 50| B
2. ogaky

Adtd FREL W3z
sto] Qo) e FuXA S H3HT. ¢3¢
Ao o3 FFHE FnF% 71E doHe F
A 2ol AHE-& 4= 3l projection® Bl 2 vl L &}
A3, dolg o] &9 FUgE 93t nE 7}
T AR FAH7E EgsE dolH(@ll
possible interval data set)Z Aud R T,

HA I 2ES AT AFRY LS dFAE
WS AR, T8 ET 5A TEe
SA Tzl SAS 6.12 ¥ A(SAS Inc.,
1999)2 AH&3t9 28 PROC NLIN Z2A]A
oA w¥AdE HAAS 3] (non-linear least
squares regression)2 °| £3}4t}.

AAFR 71 AP} BY S &30 9
¢ 58 A He Yo 374 H 9 (estimation
bias of model), % S (precision), A Zx]o] gt
FA ) A2 HF Al F(mean square error), =
ol B4 AES A% =H3E 5% 3
el 4 ez HEHA Folth, ¢EY
PROC UNIVARIATE Z2ZAIAHE &35l &
A5 AZE FEIAT. FAFES o= @
ol THE FA Y3 47 SARES FF
Aoz EM3td HH9 YFRYS =E3Y
o},

AT de] 2ol UFEAE Wy
log-reciprocal(Schumacher 1939; Piennar and
Tumbull, 1973; Goulding, 1979), Gompertz
(Whyte and Woollons, 1990), =2lx
Hossfeld(Liu Xu, 1990)4] Seltt. 283 o
FaE WH22 Table 29 Zo] F3wAA
(anamorphic)® o+ % 4] (polymorphic) 2.2
&= = (Lee, 2000) o5 #FAS AUyF

FAHAE AN

ox flo o
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Table 2. General form of projection equations applied to data.

Model Name

Equation Forms

Schumacher

D; = exp(lnDTi/ To) +a(1~(Ti/ T»)"))
Chapman-Richards Dy = (a/V)""“"™/(1-(1-(v/a)D;" Vexp(-v(1-B)( T~ Y\

Polymorphic T D, = ;11(2;))()1;1(131)8)(1)(-13(Tz-T1)+Y(Tz‘-Tl‘)+0(1-exp(-B(Tz—T1)+V(T2‘-
Hossfeld D; = 1/((/DXT/ T)'+1/)A-(T/ T)")

Schumacher D» = Diexp(-8(1/ -1/ T3Y))
| Hossfeld D, = 1/(A/D)+B(/ T5*-1/ TvY)
Anamorphic
Chapman-Richards Dy = Di((1-exp(-B T3))/(1-exp(-B T)))"
Gompertz D; = Diexp(-Blexp(v T)-exp(v(Th)))
D Diameter of trees at age T,

I

D Diameter of trees at age Tq,
Exp = exponential function,

In = natural logarithm and

a,B,v= coefficients to be estimated.

J 287 4% 34 A%t Aesn

4

-]

2 g

A7 FAR o] o]&=E Table 29 T3 ¢
ol ety w4 F dA 53 A S
AU A7 dolde] e A7 Table 3¢
Hole myo AFd HFIFASLAI(MSE)S
Aglth. Table 3914 Role ule} Zo] 2¥o
AFAP L Jehle NEE ALEEE F38F
2159 MSE#< Gompertz 23 Hossfeld 2]
& Aoz Schumacher®t Chapman-
Richard 2} 2t} ‘0] 7l7b& &S HolA &2
A4t

Table 3. Coefficients for anamorphic equation
fitted to data.

Coefficients
Model name MSE
a B v
Gompertz 0.035 -0.934 31.096
Chapman-Richard 0.083 -2.421 6.336
Schumacher 0.611 9.853 6.197
Hossfeld -3.199 1.505 37.758

e TP 5] o3t A FE FHAUES
3 23 £ P& Gompertz2] 2 43 o] 15
d 7 E 23S Hola ol F2E U F
AE st AFHQYA o RAFE YENAZ
Hossfeld 212 43 208714 433 et
ol Ag Ae(bias)E BT 2 FollA vlm
A AY=rst ¥ Schumacher®t Chapman-
Richard 534 A & 7] 25 we F& F
A& BJ3 A9 Frto upet o} F3 & 8
= o] 244 (heteroscedasticity) S YERN I
MSE &= A8 o2 Eol R3o] HAs|A &
22 ¢ F dN". T @A BAE
Table 49} Zt}.

Table 4. Statistics of residuals with the ana-
morphic equations fitted to data.

Equation name MSE iﬁaﬁ Skewness Kurtosis
Schumacher ~ 6.197 0.433  0.256  0.464
Chapman-Richard 6.3  0.4388  0.138  0.569
Gompertz ~ 31.096 2.512  4.952 0.6
Hossfeld ~ 37.758  3.657 0.320 1.068
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gy S doled A A3 FH 2
% Chapman-Richard4] & A <] 3]z
797} 9= S5 24 (homoscedasticity)
911 th. Chapman-Richard4] & 273
BZoA 6-10 Cm =] #& 3L

>

a

A

SLorg o5 o X oft

%< Schumacher > Hossfeld > Gompertz >
Chapman-Richard4] 9] o2 *& & e

Table 5. Coefficients for polymorphic equation
fitted to data.

A

Al

A} 2]

3 %
WA tH(Table 5).

%3 Chapman-Richard4] 9] 7]1-€7]& JEH
L pAGS B WS v E a=0.05 FFNM
oJAE Holx gkoy, yUnA A
Zrztel AFe 5% AHFANA 0 G
2] gFol a=0.05 FFA FJ49e JERAA
L oEE Ao od FHE mye] BAYRE
Table 63 Zt}, 74 W& MSE #< Hol
Schumacher4] 9] Zat=& Figure 1] Eo]
A=t A7 20cn o] olA <zt HA 3
Holm ARt AAH oz EWE Hs} ¢l
BEE Jehiz Sl
Table 6914 MSE7} & Schumacher?] %

s
=

ir go Rodrrlo S

Coefficients SE Hossfeldd & ®lms] B¥, zate] A, o
Modelpame — = M g gze 5 4 e vz @ D ¥
#3he dch. aymE A BE /¥
Fr— 45 0109 0002 3065 T PE E:‘i*‘io e )
Chapman-Richard 13.572 -0.560 0.019 5.649 = ZAgke] BAZE vims| & o b3 W2
Schumacher 3.665  0.089 2.45  MSE(.45)% 7} Schumacher th&2jo] 4t
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Figure 1. A plot of residuals against the predict
equation.

ed for diameter Schumacher polymorphic projection



Table 6. Statistics of residuals with the poly-
morphic equations fitted to data.

Equation name MSE Me'an ot Skewness Kurtosis
residuals
Schumacher  2.445 0.066 0.385  0.301
Chapman-Richard 5.649 -0.246  1.405  2.480
Gompertz 3.065 0.092 0.451 0.131
Hossfeld 2.912 0.044 0.476  0.011

Schumacher th& 4o ola) FAHH #zate
B 0.066em=zA gzte] RA FH LS T
Jehz 9oy mxe &k (accuracy)S
Holm gler g%, Fx 8l: Shapiro-
Wik #52 247t 0.385, 0.301 # 0.98% 4
Elflo] a7 AFEELS & 5 AAT.
wetd 2 AT AAE AUTE ARG
FANe =YPE dolHE /N 2y AFES
vlgro 2 JdRxuto] g4 2JFF 9 3
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A Study on Crown Projection Area and DBH Growth in

Pinus Koraiensis Plantations in Gyeonggi Province'
Sang-Won Bae and Suk Kuwon Kim®

2 o

Selte AUTAFAY 5 AFRJARA AASE vFo] 2, LIS /A
Age) U @77 AU} g BN FRRA BY AFAR} FIoT, B
£ A7E FUTAZYS) U@ FR5Y AHE AR Sk 2IRAFPe T4 AT
AEAEE ATHDA AVE A9 FIFAZYS WHLE 3P FH 697 ABHE U
A4 Zze AAZe) Al 3, AP, FRES 24 ARG, 1 2% AHTATY
o AT suRATe] FD AVIANL 4E T + Ao, ok FuARTH Fuu
A ol §3 AT AFYY YRUAE A3 YTUE2PL A /2FRE A8E F U
Aelct,

ABSTRACT

Pinus koraiensis is one of major planting species, so that various studies on silvicultural pr
actices and measurment methods were carried out. But, study on crown projection area and
crown characteristic is quite limited. For that reason, this study was performed to provide the
fundamental information on relationship between crown projection area and DBH growth on
Pinus koraiensis plantation in Gyeonggi Province. Data were collected from an old stand of age
class VI and a young stand of age class Ill. As a result, equations of DBH on crown projection
area were developed with high coefficient of determination. Optimal stand density control
would be possible based on the equations.

Key wovds : Pinus Koraiensis, crown projection arvea, diameter growth

N B 3% e 949 $3L R A E,

BAES AR Ao 32 20| Hon %

Seluet 4EEAE P47t Aeln e 2IWAL 32.5% haoltHAIAT, 2002).
PRe o 260% hag HAS 40%E AXstn A $vee FURIe] dE A3 A
gov oF WEAY 2PFFoRE YdS, A4 TUS AT 38, ANAd BE A7
AUR, GAGEUT 5 5 5 A, 2PF & BUd olFolxm Yon, S puUgE

! &’“‘ 20034 68 9H Received on June 9, 2003.
% 919Jd 79 Korea Forest Research Institute, Seoul 130-712, Korea.
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Table 1. General characteristics of stands.

Densit D.B.H. Tree height basal area Volume Age
Stand by (om) o HD OIS o e
41.6 20.2
old stand 213 49 37.0 303.2 51~59
26.4~57.4 15.3~25.6
21.2 12.9
young stand 821 62 29.1 182.2 21~31
11.1~28.1  9.3~16.6
YEEFE haQ 8218, HFFT 12.9m, 3 F1F EXE Fig, 20149 2ol 693 2y
%227 21.2cm, had A# 182.2m', had FU&L F2F 16molA 26m7tx] EEE= ]
Fuddz 29.1mE dEo gAuh/de 62 der FuF 20melM M B FAE Kol
2 kg golle Aew zAE Yt Table 1). 1 & ¥ 393 AUFE JELS F£3F 10m
oA 16m7tA] FEHo dom F3uF 12mol
) F2A4F £ 9 F315 2% A VY ES FAE BAY, F AR F1F
69 F AT AL ELS F2d4F Bemell  BEXE BT g JdFog X ¢ EXFPS B
Al 58cmAtele] 23 EEXZL 02emZA F oz Y, 69 F 9EY FEZL 10m, 39 F
AE 2cmE ROt 9Fo2 AW . JEY EEZL 6mE YUY 69T YE E
EE Holz JE W 397 AUF ZAILE EEo] IA Ugytt. o3 ExdE o]
< FuAZHF 10cmolA 26cm7tA] £E3t] £ £ 69F BN E olv] Fu AN 4
¥ %ol 16cmel® HAA = F2HZEF 2cm= o zol7t AAH FFo AT AEE stn
AFoz At AN BEXE Holz gt} Qe v 397 JES FnAFAA A&
F ZAEY AFEEEs JFAY 4 Ha 7 gEQU Ao ARG

Holm gtk 695 d4EM #1477 26
B

cm, 39F YEAA 10cmo] L& YBo] B 2) 4" EAdnn
ste AL IddE AT &S st 7] AT 4ol st Fgto] @ Fox
g2 Ao AR, 53] AUFE US4 AL BEE 317 2o 9 F79 379
ol Mlw# 7F3t7] W&ol o] HAx F7|t  FHo] FEEHE REo| FFFFEFE Fols}
FHsA ASE & 5 e 54l st g 7 o olE e FEAHL dR B4 S
350 >
. 'BYoung Stand |
E 800 r |mOld Stand |
Zz
\g—; 250
s 200
§ 150 |
3100 |
E
=z 50
. B 5 E__I_I_J_Ll._l
10 12 14 18 20 22 24 26 28 30 34 38 42 46 50 58
DBH (cm)

Fig. 1. DBH distribution of stands.



FAE S 834 6(1). 2003 33

Number of trees(N/he
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Tree Height (m)

"B Young Stand
@ Old Stand

18 20 2 24 26

Fig. 2. Tree height distribution of stands.
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Fig. 3. Crown Projection Map (links young stand, rechts old stand).
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Fig. 4. Stand height curve.
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Fig. 5. Crown projection area curve.
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Stand Structure of the Selection Forest and Conversion of the
Pure High Forest to the Selection Forest in Germany'*
Ju-Hun Lim® and Sang-Won Bae®

gddo] o2 Ao Hro By IR FuFdy ¢F AHRE ulgoz g A4S §ho]
ok 3lu, A $£EFL AU (Abies alba)dt EL7EBIUF(Picea abies)°]Th.

=oo] Gy wd AP dedo ¥ FRE AF B =HEde d¥Ad 95
By d& nEe 3 FIE Hojn 9 AU FH EIE Ho|n JRY IHAEE Kol
L h/d#e g dode BE AT 80 o8t 2z diAEAAE 60 o|stE B 7MY
H FAE 5, JF A 9y, g4y A, g mged o2 JElgt

oMol e wdol Yy AP FAF dE AL 609 ool 2 ZoZ AFHIL
o gy Ago] stsd £ AUF o= AT

ABSTRACT

Stand volume of selection forests of Abies alba and Picea abies in Germany was calculated
using the table of stand hight classes and the table of volume of single tree.

Distribution pattern of DBH classes in selection forest was reversed-] shaped, that in pure
high forest was bell shaped, and that in the forest being in conversion from pure high forest
into selection forest was wide-bell shaped. The values of h/d indicating a degree of stand
stability were lower than 80 at every DBH class of the selection forest and lower than 60 at
large diameter class. These low values show that the selection forest stand is most stable
among three forests. Stand volume was largest in the selection forest followed by those of the
conversion forest and the pure high forest.

It was estimated that conversion of the pure high forest into the selection forest in Korea
would require over 60 years. Only the forest stands of Abies holophylla were expected to be
candidate stands that can be conversed into the selection forests.

Key words : conversion to selection forest, pure high forest, Abies alba, Picea abies, Abies
holophylla

20034F 68 20H Received on June 20, 2003.

A4 AT Korea Forest Research Institute, Seoul 130-712, Korea.

B =R 1992-19933 %% Freiburgthd® Waldbau Institute EH 7 23491,
-36-



M B
AT 35T AA A3 A3 72 2o M=z U g
of AF A9 kx| 7} WEkelm Qv A A
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Waloltt, g A £FLS Abies alba, -G 1Y SY 7YY T (Picea abies)
Picea abies 5 W& F#F 2 o] Fof 9lon
AEo] A 717t AFst] A Fo] HAS o 2. ZAgHH
TE(EAR) Aoz ¥ ol&de AYY S 3 ZARA AUl A AR} 22 ZAMFE AF
Eot7] W2 FEELERE =85 o2 sieH F RAT Ae BMAEEAM 9EY
717 A g gy AAFE MR 15704, 98 "8y g4, 4 ¥ 574
S-ueteds oA 7kA] iAoz YA o, FAFL A7|E 200meln FAR) &L
2% Atel7 glon mE ol B A7yt £FE FA, £1, Ast ol
nlH) gt PHelh, ©@x| sie| At g s gige] AdF AR AL GEY G2 A A
AA ey A3 Ay A7 AAET EE o] &35l Aysldon o nde B
A3 HEAd Ao AUyFde digk gdd A A& Schober(1987)8] 4& AHEE o] &3}
i)

of &3 AF7} e Wolr}, Aok AE AH AL 9Y AY I BzE
deo] gy xQo|x  (Landesforstverwaltung Ba-Wue, 1966)
dozol A9 ¢  Table 12 o] &3t & 1 SFL 2A
¥ FzE vadoezyd vty @dyd A F Table 28 @2 AF L A5 £3

oft & ofy

(A) B
Photo 1. Photos showing stand structure of a selection forest(A) and a forest being in conversion
from pure high forest to selection forest(B).



Mgl SYAe 9wy gera

e,

38 AFE-

% <

EEEEEERE!

H)

Table 1. Tree height classes of the selection forests of Picea abies and Abies alba in Germany.

Picea abies Abies alba
812 ?s Tree Height Class Tree Height Class 81]2 ?s
(cm) I [ 0 ] m ][NV I [0 | m [ v [V (cm)
m m
6y 68| 63| 59| 56| 52| 64 60| 56| 53| 51| A
ap 138|127 [ 116 | 109 | 10.1 | 13.5 | 12.4 | 1L5 | 10.7 | 10.0 (146)
o 200|193 | 175 [ 163 | 152 | 0.0 | 18.2 | 16.7 | 154 | 43 | 5
(32) %.3 | 23.8 | 22.0 | 20.2 | 18.8 | 25.0 | 22.5 | 20.5 | 18.8 | 17.5 (382)
ég) 304 | 274 | 255 | 23.3 | 217 | 28.8 | 25.8 | 23.4 | 21.4 | 19.8 (}18)
(ﬁ) 335 | 30.4 | 8.0 | 25.8 | 23.9 | 318 | 284 | 25.6 | 8.3 | 216 | 0
oo 9 [324 | 296|273 | 51| 31| 03| 23| U8 | 29|
«132) 37.7 | 33.8 | 30.7 | 28.0 | 25.8 | 35.9 | 31.9 | 28.7 | 26.0 | 24.0 (éfj)
(% 39.4 | 34.9 | 31.4 | 28.4 | 26.1 | 37.4 | 33.1 | 29.8 | 26.9 | 24.8 ég)
Gy 07| %9 | 321|285 36| 32|37 27|55
o 4L9 | 3.8 | 326 39.7 | 35.1 | 31.4 | 28.3 !
o8 43.0 | 315 10.6 | 35.8 ]
oy 45 41.0 A
ol we AFE RAASE ol AL, 4n 9 2@

Table 2. Tree volume estimates by tree height
classes of the selection forest in Germany.

Picea abies, Abies alba

DBH Class| Volume |DBH Class| Volume

inch(cm) m’ inch(cm) m’
2(8.5) 0.013 18( 72) 6.597
4(16) 0.163 20( 80) 8.282
6(24) 0.508 22( 88) 10.157
8(32) 1.045 24( 96) 12.225
10(40) 1.772 26(104) 14.483
12(48) 2.692 28(112) 16.933
14(56) 3.802 30(120) 19.575
16(64) 5.104 32(128) 22.407

1.3 74 4 5 &=

e & (Selection forest)?] A$¢ AUR, =
AI7MRHUR7E F5 o]Fm gloy HeY
(Conversion-selection forest)e U7}y
7, AuF, UsHuTE FAE0 v o
g (High forest)e =d7IE8UR g9 &=
o2 7450 gtk(Table 3).

2-173):1 :r"z—% B4 29, 9dde] 4%
o= 3] 8cm*-8 88cm7tA] 80cme] W&
BX Z& Holxm o AAFo| FoldsE
%‘Ew‘%—rﬂ #Zadle 4% 29 (Fig. 1).
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Table 3. Comparison of tree species composition and the number of trees in three different forests.

Total number Number of trees
Forest types ’ ] A :
of trees Abies alba  Picea abies Fagus sylvatica
Selection forest 833 433 400 =
Conversion-selection forest 431 143 275 12
High forest 466 = 466 -

g Ao Ao A
cmelA FHE ol F 84
A7 F 60cm7tA] £Estx k. F
Z& 8cmolAl 60cmAtelZ B Y
A etttk olebes 28] e nEe] A S

gugel +3% AFLEE Fig. 20049
2ol de AFANE SUsIRHGRSG A
57} gol BEaT gom FF L2emiHE
Apel Fagol SYABUUT woh 9 S

28cm o] el A& o

A vt 53 27
t A% 8cmollA AHE o] Fx lom 7 RBE AUET veEpgon A F T0cm ol FlA
AF BEZo] 20cmolA 40cm Aol 24 20cm E AUFT E¥sta . o3 £FE A
o Tl ZAAR F 1Y e ARF ¥ 7 PEE A7 04 9Ede 9¥ FEE o
% 542 Byd. 23 5k £30 AIE A2 enlan g
250 W Selection—Forest !
@ 200 M Hgh-Forest
£
725 150 B Conversion—
9 Selection—Forest
= 100
; 1l
=7 IM
o L dddil
4 8 1216 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88
DBH(cm)
Fig. 1. Distribution patterns of DBH classes in three different forests.

ARz BE gidel AAF Exe A Aol AUFHET o SUdFEHVTY] B¢
A ATy AL o2}, =, 2AE A AF AVlde AUFEG AEEFT BAT
Sole AAF Ba AAFo] Z7F sHA F Aol AFAFe wet Fad Aoz AsdE
As) A 2 F gukg Z27e Hol: th =¥ AP A foe AUFe 547t
ENL AL, P gHPdoz] AFFQ  BHUR ofdx YewyRrt 2dstn 3l
9B ASdE gy Bk e FAFd 22U FE o|F1 e FFS SL/EHUT
W mPute PBE 990l WL 98BS olF A BE ZFAN $98 Fsn de
Aor HHol & Fo] UEPE BE 54 W AUTE AF 12m ol selN T SALE
At ve mge duEdol} 9d Agy  MUT Ho B ABAN olHF £F
ur} Be AAF Zo] Fu %oz ¢ ¥ FEE @ugo wHo] she Byl 1}
39 228 dsin Qo Be @402 ¥ gov, F3 ARl
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(A)

250"

W Fagus sylvatica | !
B Abies alba
B Picea abies =

’JOO}‘

150f

100

No. of Trees(N/ha)

L —
4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88
DBH(cm)

(B)

Fig. 2. Distribution patterns of DBH classes for three different tree species in the selection forest(A)

and the conversion forest (B).

\7%_&
FEAE I8E dee de a}w
=7
oAk

AN vepte 23z 2 4 A,
e Aol Aol w2

73% EEoIA UBhte we 339
o %o] AFYelN YA e
Yoz AR 7k £ teh

£ @4z 2 4 Qv oe@ @4 Table

Ask 2ol AFE YBEA BEo)N 33
& 4 v WEPe A FRIAF bem o
sl A 150~200%, 70cm ol el A 20~302e]
Yehte e, 259 @EYelME T0em of
49 9BESF Ak, @Rl A$ Tcm ol

AL_,] ols!_o] 2% o]A}OE zx%o] lﬁ:o].z].“_:. 73
ol 4B F22 ¥ 57} Uk olshe 2o A

Table 4. Stand volume for each forest type and the number of individuals by DBH classes for each

forest type.
Volume Individuals by DBH classes
Forest types ,

(m/ha) <6  6-14 14-30 30-50 50-70 70 Total
Conversion-Selection-Forest 472 . 5 125 181 50 5 431
Selection-Forest 561 197 333 150 70 57 26 833
Selection-Forest after Koestler(1956)" 785 202 243 158 64 78 38 783
Selection-Forest after Koestler? 535 145 125 116 124 71 & 581
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400 B Selection-Forest

350
= s W High-Forest
2 250 B Conversion-
% Selection-Forest
¢ 200
-
s 150

100

50

4 8 12 16 20 24 28 32 36 40
Tree Height(m)

Fig. 3. Distribution pattemns of tree height for each forest type.

-2 A7 6em ©lste 27 60cm o] Ao A=
A3 etz G}, ol2d ZFEZE AF
Aoz By A% B 60cm o] 4] A=
o] A3 glol AL A7}t tks] BE3 Ao
2 Jeyt

3. 17 BE

gude 2o FaFdM FuF 40m7A
VEESFIF FA2E 5l BEZo] A F dmP
B 40m7tA] He BEXEZS Holq glon 3
F 12m7HA] QEEe adgo]l F43] o
FoJA 3 2Fo e & WEE Holx gE vl
4 T4 2XE Holxm Yrh(Fig. 3). AgH
o] Afole F2F 4molM F3F 16m7HA|

i
fl ©
]
8
3
2
2
o
)
tlo
2,
o H
L
il
)
ol

IH Bm7kA EEITE. AL
FIE TEEZL 4molA 36m Atol2 #HE

foody o x

drEoE 4 vetkth. olge g d&
o Ao FF UmolN FHS
F1F 16meA 28mAle]l2 EFZo] 12md)
E7}3ted Z’\]“Q-v‘w Mg ge EXEZS Hg
o AZ2F BEXIHY RASR S A4 $n

X £°] A9 A0mel 2@dches A HEY
99l 43 320l qed 2ne A sl
o F, 59| @Yol thakg ‘T‘Z—-;—ﬂ SRl

=

o] &L

o B AAAE 224 of
om w& wmde Agode w2de AH
Zo] He FYLIE vol3 Y

4. 92 27 2 H|Z

YUY +32 AL FAT WemAA &
NRd F8 ASAATL o F GvE 45E
s, 99 ARYAME 57 BemAA Fat

Tree-Height(m)
N
3

& Selection-Forest
= High-Forest

aCor tion-Forest

0 10 20 30 40

DBH(cm)

50 60 70 80 90 100

Fig. 4. Stand height curves for each forest type.
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gl syl WEd Aoz wad, AAA

7t vlmA 7] Wl
HlmA S YEht dEe
< Skoh. h/dgxel 80 ol3td o
T Abetz(1975)° wat A 259

h/dg< vlmstd gEgo] 713 AH = o

(e e

o]
A
o 9 AV YRS Nnd Ao 59
FHEHUE BE @Yol AY ML FEE

ot Roz oA

6. LEHF

g ol AL 56lm'/ha, ATFHL 472w
/ha, @& 326m/haz =P A& 2|2 o]
74 A Uikt 24 Q¥ AFE, F
A%, A2 QA BXE Fig. 63 2o] o
dadoe 4£4E 30m/ha, FEEZ 11w
/ha, W73 % 412m'/haZ )73 Fo] A< 70%
o] 4g AAFL Y v A AFYME
275 24m'/ha, 5745 283m'/ha, A 164
m'/ha2 FABEol AA Y 60% °lFE At
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Fig. 5. H/d curves for each forest type.
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Fig. 6. Stand volume by DBH classes for each forest type.
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Forest Management and Planning System Using GIS
and IKONOS imagery’

Eun-Jin Jun’, Woo-Kyun Lee’™, Jun-Hak Lee?, Bo-Young Ham’, Jae-Seo Chong2
and Sang-Woo Kim’

2 o

£ Ao e IKONOSHA 943 GISE ol 48 d8AYe] 47 A=vde o
#e A 28S F23AT. GISE T2 a3 ArcViewst Arclnfog o] &3l A HE, zho]At
Fz 52 TR o, IKONOS H494 dx AFRAE Bl o - LHEE %
R, FAAFEE o] &3td YPF TR, FAYE, TE2EYE 594 —’FZ-IIE—E— A 2Fek s o
Excel#} Access Z8]2 ArcViewe] Tableg ©]| &3t J@AZo] Hag AdzA, 99
dRtdy 2559 EAREE MAsEA T,

ArcViewe] U¥<20iQl AvenueE o] &3te] A&zl 49 AP aAPA 28-S T2ATH. A
282 ArcViewd] 718715 o AFZAMR | GAA YR, duldg R TH5o A Hd
1% MRz FEH At 4% FAE 2 BAREY 3] 2 FHo] s, A8 A4
7]‘59_i A8E A £& F . 29 7]“ e EAzIES] ‘“%ﬂ?ﬂ*—l"i % o] 7}&3kH,

< 4% THU Y F MY dE 2] shEdig. £, 334 1 71%5E dof 4t
"éﬂ%% ARz B F glo] AHEA °1 7besith. 2 /‘]—’:E“Jé °]%§ 35, A¥xgaet A
Ad g $4A5] 74 2 M-S B3 AHAEY, BUHY, $58 FAXAHY T
ZtE oAt AA o] &ol3) A Aoz wdHT),

b

rlr

ABSTRACT

This study presents a forest planning approach using GIS and satellite imagery for the forest
managed by the Forest Environment Research Station of Kyeonggi Province in Korea.

Compartments were newly delimited on the basis on not only past compartment boundaries
and cadastral map, but also the digital forest type map produced using high resolution(4dm x
4m) imagery of IKONOS. Several digital thematic map for forest planning such as compartment
map, cadastral map, forest road map, soil type map, topographic map were prepared with 1 :
5,000 scale and incorporated into the GIS application system(Forest Management and Planning
System) developed using Arcview and Avenue. Forest management plans for planting,
tending, harvesting, and forest road were performed with the help of the Forest Management
and Planning System. Useful statistics and maps coming with forest management and
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planning could be also easily available from the system.

Key words : Forest Management and Planning System, GIS and IKONOS imagery, digital

thematic map
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Applying GIS to Developement of Program for Site Quality
Prediction of Growth Spatial in Four Broad-Leaved Evergreens
of Warm Temperate Zone'

Jin-Taek Kangz, Nam-Chang Park’, Kwang-Soo Lee” and Young-Gwan Chung3
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ABSTRACT

This study was carried to estimate evaluation model of site quality prediction by study of
relationship between growth of tree and site and environment, and developed site quality
prediction and mapping program, to conservation of species and restoration of ecology in main
morbifera Lev., Machilus thunbergii S. et Z., Quercus acuta Thunb. Developed program of
site quality prediction and mapping was developed using program of ArcView 3.2 version,
Avenue and Dialog Designer tools of ESRI as geographic information system engine. The
module of important function of site quality and mapping program was systematized module
of map creation and registration, module of evaluation factor creation, module of weight
decision module of site quality prediction, module of report creation and print. To reviewed
application case, developed program applied to Wando district, Junam as study area, which
diverse and distributed largely broad-leaved trees of evergreen. As the results of application

U g 2003 68 25H Received on June 25, 2003.
% pkgMseks Korea Forest Research Institute, Seoul 130-712, Korea.
S BB BRI UMEHBES (LMRFIREE K Dept. of Forest Resources, Faculty of Forest Science
College of Gyeongsang National University, Jinju 600-701, Korea.
-59-
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of program, we can determinate and map site quality prediction of growth by class.

Key words : site quality prediction, mapping, restoration, geographic information system
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Fig. 1. Location of surveyed area for evaluation criteria to site quality prediction and area of
application test of site quality prediction program.
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Table 1. Evaluation criteria for site quality prediction of Castanopsis cuspidata var. sieboldii Nakai

stands.
Factors Class 1 2 3 4 5 6
Altitude <100 100~200 201~300 301~400  401~500 500m<
Score 0.0497 -0.7607 -0.6693 1.3051 0.4755 0.0000
Slope <15° 16~20° 21~25° 25%¢
Score  -0.4072 -1.6253 1.3452 0.0000
Local Plain Hill Piedmont  Hillside Summit
topography Score 5.1932 3.8845 3.2701 1.0470 0.0000
Aspect East West South North
Score  -0.1346 0.2437 1.1246 0.0000
Slope type Linear Convex Concave
Score 0.5228 -0.3300 0.0000
Weathering Low Middle High
degree Score  -0.2104 0.7340 0.0000
Deposit Residual  Creeping  Alluvium
type Score 0.8741 0.9795 0.0000
Degree of Exposure Middle  Protection
wind exposure Score -0.1244 1.3386 0.0000
Exposure rate <10% 10~30% 30%<
of rock Score  -1.0453 0.1023 0.0000
Soil depth <50cm 50~70cm  71~90cm 90cm<
Score 0.0492 -2.6729 -0.2825 0.0000
Soil moisture Dry Wet Light dry Damp  Light wet
Score  -0.7078 -1.5720 0.0000 0.0492
Soil hardness Very soft Soft Middle Hard
Score 1.9585 0.5669 0.2440 0.0000
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Fig. 9. Dialog box of field selection to recording(left), and window of created logical topographic

layer(right).
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Change Estimation of Fire-damaged Forest Stand
Using Aerial Photography Analysis(1)’
Jeong-Weon Seo, Ju-Hun Lim, Jong-Chan Kim, Woo-Bum Sim, Gee-Soo Kong,
Dai-Kyun Rho and Rhee-hwa Yoo’
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ABSTRACT

This study was conducted to understand changes of stand area and growing stock at fire-
damaged forest stands in the southermn part of East coast region. Sample points were set up
at Samchuck(l region) in Kangwon-do province, Pohang(l region) in Kyungsangbuk-do
province, Ulsan(l region) and Ulju(l region) in Kyungsangnam-do province where forest fire
had been occurred in 1980's and 1990's. Forest stand components were interpreted using aerial
photos that had been taken in the years of 1974, 1980, 1992 and 2000.

Conifer stands before forest fire have been changes to broad leaves stands in Samchuck
area. In the other areas forest following fire develop to conifer stand, broad leaved stand
and mixed stand by site characteristics. Growing stocks of Pinus thunbergii stands are
similar to the mean of growing stocks of the Pinus thunbergii stands in Kangwon-do
province. However growing stocks in Pohang, Ulsan and Ulju area are lower than mean of
growing stock of common forest in each city. It means that forest fire affact to growing
stock by lower stand growth.

Key word : fire-damaged forest stand, aerial photography, stand area and growing stock
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Table 1. Research site and year of photography.
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A3 dAAE Ad 1980 i B 1990
Abololl AbEo] WAH A FolA AY=(F
3 1/25,000%4°1 €1xE FAst FFARA

#gol grd A

Qg WAz AR

247 W4 AYQ 83 AF= el 500mx

500mel AzE 24,
2 4NY 2ATE

WIS 71935t 734
ARsA.

2T A7e BB BI 33T

25ha(A= 20

- 9= 147)5 A sk 19749

g 20008 74 #9433 FFALR Ao ZALEE
FASL AR CR #E - SH L e
o, Al & FFARE B3] 8k
ZAdEd 2 Scanningdtd . FAM YA,

AR wh g A FFARRe] A9 ¢ FYdE
= oL Table 1, Table 29 Zt}.

2. ZAF WY

27 2AE A2 B9 B3
F2 PESE 99 A5 2 Q4 1
&4 0.02ha - 0.05has) 9% |
of E2F W £3F, 3

Site Location Year of fire Period
Longitude Latitude occurrence (Repetition number)
Samchuck | 12013 : . , i : gg . 1993 1974~2000 (4)
Pobang e i‘ - LN 1986 1974~ 1997 (4)
Ulsan T e 1984, 1993 1974~1997 (4)
i v | 1996 1974~1998 (4)
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Table 2. Description of the photography for aerial photos and scanning.

Year Scale Camera Film Scanning
1974 1/15,000 (f=152mm) RC-8, RMK Panchro Original data
1978 " RC-8 Panchro Histogram match
1979 " RC-8 Panchro contrast 30%
1980 " RC-10, RMK Panchro contrast 60%
1988 " RC-10 Infrared
1989 " RMK Infrared
1992 " RC-20 Infrared
1997 " RC-10, RMK Panchro
1998 " RMK Panchro
2000 " RC-20 Panchro
3, B, AFFES SHG A58 F3AR A& A8 2 A4S AR(EATE 12)0A
BE ZRARA, $BAA, £, Y AW 2P 194 Y FuAAY
Z)oh vlm - BAEFoH, AR A A B FB e BAE BAsl AFES FHE

Zt AT BFFIY HAHHG ¥a
Image AnalystE % Contrast®
7Hg &0l AAE FAsA .

i
M
£
2

Table 3. Criteria for forest type classification.

Interpretation classification Classification criteria
a. Coniferous forest - Canopy area or number of conifers in a stand is over 75%
- Canopy area or number of hardwoods in a stand is over
. forest
1. Fotest Type b. Broad leaved fores 5%
& Tifixed forest - Canopy area or number of conifers and hardwoods is over
: 25% and below 75% respectively
a. Harvested area + Area without tree temporarily
b. Non-stocked area - Forest land _that totalocoverage of ground vegetation and
tree crown is over 50%
2. Un-stocked - Forest land that total coverage of ground vegetation and
Forest Land | & hermcie g tree crown is under 50%
d. Grassland - Grassland
- Farmland in the forest land such as orchard, nursery and
e. Farmland p
other cultivated area
3. Miscell + Non-productive forest land such as road, rocky area,
o SYSCETIANE0US graveyard, reserved area for military facilities, etc.

1,23 7
F3AR 4

F T2 $18 Micrometer
Wedge2 &3 A4S

ZRsen, FE= A

Aoz ysgon £3 473 £
dAE 32 43 F& dBoEy
(BZ% - @Z)o] 3ge Lol 47 4%
A ek

oo
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BT 5 L

rfr e FlO Ho

£



74 MRY-QFE-AFR-AL A5 wUF - FU3 FTAD BAL 5 A2 A8 9 da 23(0)
: Diameter | Crown |Estimated Residual
% (DBH) width | Diameter
# Y - 3.0288Ln(x) - 3.9831 6 1.6 4.4 1.57
Zs * R85 8 2.4 8.4 -0.43
B i 10 2.4 8.4 1.56
5 12 2.8 10.4 1.56
5 14 4.8 20.5 -6.45
16 4.6 19.4 -3.45
20 4.9 20.9 -0.96
22 5.2 22.5 -0.46
0 24 6.8 25.5 -1.46
30 3 0
? 8 u i DD S 36 6.2 215 8.52
Fig. 1. Correlation between diameter(D.B.H) and crown width of conifers.
Diameter | Crown |Estimated .
(DBH) | width | Diameter | Residual
5 . 8 2.5 8.4 | -0.41
5+ 10 3.7 14.0 -4.06
g T 12 3.0 10.8 1.23
Ber i iy 14 4.0 155 | -1.47
35- 16 4.2 16.4 | -0.41
S 18 4.6 18.3 -0.30
20 5.1 20.6 -0.65
0 22 5.9 24.4 =242
24 5.8 22.5 1.46
i 5 10 15 @ P » 3 0 26 4.6 18.3 7.70
Diameter (DBH) 28 6.6 28.6 -0.65
Fig. 2. Correlation between diameter(D.B.H) and Crown width of hardwoods.
2) g4 24t 71F oA &S o]de
g+ 2FH $BEY WAL R=0.81 diste] FIAA ol 2UEE FH 3} T
2 A4dFET fAEH JdEiged €959 3kt
FHZo] Ao vlwaiA *d' Aol ¥
37 & AL At w2 F % vER 2 1 A2
Aok, E?é}, 2HE gl A Q1) AHE v g A 197430l & 71eH (A58, FAX)HEA o] EA

do] FHE FES FAS a_o_f-_ depgon

gudez dagdsrde Azade G2
S8 43T 4% AATe] RBANA 49

2EE vehd = 3o

2. Uz P2
F329x =% A7 (Crown density Scale)

.{

Table 4. Criteria for crown density classification.

vebon, 1980dele XFE T A9 ¢
2 yFow FAYL “F(F, Medium)'e &
o] A Uetytrh. 19928l dE9 ASH
A AFoz At FHUE “U(H, Dense)”
o] WAHo| 7bg Bolxth. 1993d AbEolF,
20003l 2@ o2 Qs JEAA(ZYA
AUANT FALE “A(BE, Sparse)’d] A%

Classification Mark Classification criteria

Sparse - Canopy area of tall tree in a stand is under 50%
Medium - Canopy area of tall tree in a stand is between 51 to 70%
Dense - Canopy area of tall tree in a stand is over 70%
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Arca(ha)
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Area(ha)
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Fig. 3. Crown density change at Samchuck.
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el AvleA e Juse FEUE B
3 *37e Aol %A vehgen, 1997do
£ g¥ol AU FRUE “U'e] WA
o] 714 ¥ vhehae,

[

Area(ha)

Fig. 4. Crown density change at Pohang.

3) &4

19743 E % AH7E e FBUE Y
% “3'e] FaWAE uedn, 19784l
FRUE ‘30 Jbg BE WAL AR
o, 19844 Aol F, 1988delE rlepaA (2
BA)el 7Mg e WAE AP 19939
ApEol %, 1997d ol = 1988 # FL5HA Z1E
WAo] ¥ vehien Aug tusd 94
o +¥UE ‘2" F'9 WAE tehin

Fig. 5. Crown density change at Ulsan.
4) EFT

Wi glew, “F7e] b we WA Hfst
A, 1978dele AFE Aoz 3

‘v v 39 WAL xR Uk, 1989
dollg 429 ASHA ez “Fo g
o] ¥ WAL AX st Art. 1996 AHEe]
T, 1998dole 2Poz Astd 7EHRFE)
"ol 71 g3, FALE “F'H “4"9

A ejo] VEptn g,

10
Arca(ha) 3 aSparse

W Medium

Fig. 6. Crown density change at Ulju.

3. da 7&
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76 AR 9FE-PER ALY FAS =0T
ge 9Ae Agen, de dxol

I mYFe) LT ez o, 1980de)
o 2E2 WAY F718 veh)

2 9t 1992»%11%0 gA%ez Qa1 -1m
e 227t AA WAL AAsSm Uk
2000801 = 19939 el A2 Akl £YAQ
197 A5 wHol 7P ¥

Area(ha)

Year

Fig. 7. Age class change at Samchuck.
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1974delE D959 £27F 7H %3 MY
Hol d4= vt 197940 E dRAFe=
Asled M- Vg5 $E7}F Faod
STk, 19863 AHEolF, 1988l 2384 1
O - Vggol BXsiglen AEds)rt Aw
FHe ddel 7P Btk 1997dele 4
o] ¢sElol YT, MAF, VI7Y &M=2
B H1AE AR e A2 Yeyth.

?'f&

=

Area(ha)
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Fig. 8. Age class change at Pohang.
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Abgol -, o
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FPAH $HE 5B 4% FaA 9 wa 23(D)
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19730 2R NS 197 BHo| 7t
2 gty O0-M- V979 945 yehiz
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Fig. 9. Age class change at Ulsan.

49 E£FF

1974do e M - V9 Fol F2uUAE A3}
Rom, 1978 = dRAFoZ A MY
o] AAZFse V- IY98E Ytz AM
19899l = dE9 A&AQ] AP MAF
ol 714 B& WAL AAFer, I973% 5
7retach.

1996 AHEol %, 1998l e =HA A+
1952 AES)E BosiA T VIF
el etz 9l

10}
Area(ha)
€

Fig. 10. Age class change at Ulju.
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A H Forest type
00

Year

79

Year

Fig. 11. Area change by forest type at Samchunck.

oz A% - A&dgon, 19939 48 2
Yol %, IR FF =yol Aot

20004 HAY ot AB2 Ag E oAl o
Ag wx, 245U "oz Add Are

A% %?3*"/‘ 80%, ¥A+-E 10%, £&84
10%E Afste 4oz H3l= U,

AE XA EF 83 - AAHFLS a1
0~60mA =9 ofsto @ 1974 dd = Uito] A
22 40%, AATE 40%, EEE 20%= 74
HRem, 1979¢= AD4F™ 50%, A=A
35%, TEFE 15% ddoz FAHJAT.
1986 AHE Aol & 19880l = /del 73t
2 45%, BATFE 40%, EL+Y 15% = Ve
won, 1 Fo rittauR ZYAJF &
0%E ARstzm ok, 1997ddle AGSHE
0% ENHAE2TF 38%), EEFE 0%, £X
g 5%, AR H% ddez ¥asEdrt.

A T 24H it dEx 70~160
mAEZA 197439 Ade AGF 2%, &8
g 18%, €359 2%, BAA 8% 2 FAEHA
o, 197899 AL AE+E 5%, £

Fig. 12. Area change by forest type at Pohang.

41%, 73R 4% 2 Jergen, 198999 94
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8% TAGHZ UelRT. 19843 AHE by
o] F, 19889 9L APF 97%, 7AEA
3% 2 FAHEJLY AT Z-A 7L 89%E A
f3le Aoz yeut, 199339 = o 4
sz ke 1997d9] dAe A4
53%, EA+E 41%, 54 3%, BAA 3%
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Fig. 13. Area change by forest type at Ulsan.

Fig. 14. Area change by forest type at Ulju.
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78 AL AFE-BET AN

(Unit : :m)
30
Sample site  |Gyeongbuk Mean
29
T°“"(1 ?;“k % Stock | Total | Stock | Total
" g - per ha | Stock | per ha | Stock
o7 il @PR-II
.
¥
5 Sanple Site Gangwon PR, -O0' | 11.60 | 27.84 | 12.20 | 29.28
Fig. 15. Growing stock of the revegetated forest in Samchuck.
5. MY =X P2 Fotn ZEE A9 FdEAHQ 12.20m2 +
7 2T 9 &4 seta] Astel  Als derge,
7t H 2ol 3t FFARE BES A4
ERCEE- RS LS ERE R C E R 2) 23
WAE gesiieh, T8 FHse] ggel §  EPA 27 FUEY 2ATN FAL 3
= 7 dAEE (0.05hae] TEHH (0.02has] & g & e AL FridavuREdE 09F
FAE @A AA g2A Xt dxEAE (PR, -07)-8.7ha, YT MIFQ -m™)
AA R, 2AM RS 5, F23A, F, -4.7Tha, €5 MY =M, -II")-1.2ha, &v}
FRAZR, B, 4%, LT 5 2AEY FE VIFD. -IV")-1.5ha2A zt ha® HT
o A2TA Y A4 FHo0] o= HAF  EAEe  FrPaAURd  32.42m - F4RY
£ Fotetr] Yt 7 AT PR FgE 3 47.63m - TEH 61.59m - 2 5FF 156.93m’
# 247 v oz Yy, aurgs e A4y
= FTFEZFQ 161.60m 2 FALSHA byttt
1) A A ol AUR R difo] Aol AEe A E
AHA Y-S 438 AN HAE A ¥RV gRoE AgEHT, H2 549 - 10d
gotd £ gle dAe 249 I9FPR-0)- bl HaAGTFL 18- 3B/mEAN Ly A9
2.4haZA had B £82 11.60me= e HEAZZFR FAH bbbt 2829 g
worm, I 5dzte] HFAYZFL 7-8m ZItauids A48 dadEdn fAbe
N ZLE A9 F&Pol BT AFPu A o, 2eu, FUTY, BEY S AR
HEsth, o= HoF5A o Zulxle Aoz YeElged e

GeAA dA7 AoA g
92 Aste] AH Aol AL Aoz A}
29t 24179 EEYL pEAAAE B

Total Stock
(nd)

Gyeongbuk

Sample Site

3 o] & AA7|3be] Aol= Ut A& B w
el 4ol AAE Aoz AlRd
(Unit : @ m)
Sample site  |Gyeongbuk Mean
Stock | Total | Stock | Total
per ha | Stock | per ha | Stock
PR, -0' 32.42 | 282.04 | 35.18 | 306.07
Q -m'" 47.63 | 223.88 | 58.21 | 320.58
M, -’ 61.59 | 73.90 | 81.88 | 98.26
D, -Iv'"' 156.98 | 235.45 | 161.40 | 242.10

Fig. 16. Growing stock of the revegetated forest in Pohang.



A4 ZH A 6(1). 2003 79

(Unit : : m")
100

Sample site  |Gyeongbuk Mean

'1°"“‘(‘ ol Stock | Total | Stock | Total
per ha | Stock | per ha | Stock

H, -0 10.50 | 55.65 15.77 | 83.58

§ Gycongnam Ml “IHH 61.58 49.27 69.24 55.39

D, -IV" 106.98 | 64.19 | 118.72 | 71.23

Fig. 17. Growing stock of the revegetated forest in Ulsan.
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o 8949, 5, 24T
AGE BFERG FriRow, TEYF &)
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71 10 - 20mm, A5E7F 13 - 26mEA AE
v RExde] FFYFFRYG FE oz

2ATAN FHE
958 VIFH, -
z85d NVIFM, -IV")-5.1haZ
A 7 ha HEEHe BT 49.72m - E
L EFEE A4 B
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350 ¢}
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Total Stock 200
(f) 150

100

ample Site

Fdo o] Au|EtA A& I E o
Sz EFdm, F2 5379 HFAAE=
2UE7F 8mn, ZFE7F 13mEA AHEHE
wx) e dnk dAe FFAGFERG G
Roz vehd AAAQ] A& WAL} €
olAE Aoz AtgdT),

a8

AEE] AN ddel d2uste] JH
g FHsty] 95t A 1980, 1990 o
of AbEe] wAE ZAAd:= AHQ), BIEE
1), AAEE € 2FQ) T I AY
ALl ZATE EA S 1974, 1980(197
81979, 1992(1988 - 1989, 2000(1997 -
1998)dell #8E AAE g3 E83to
dE FAYAES BES AH - 2EE -9
o dgtel 4B A - Fo G4 WA S
FAen YFEE A BEAZALE AAGS

(Unit m')
Sample site |Gyeongbuk Mean
Stock | Total | Stock | Total
per ha | Stock | per ha | Stock
H, -IV' 49.72 49.72 | 66.80 | 66.80
M, -IV" 97.92 | 499.37 | 118.10 | 602.31

Fig. 18. Growing stock of the revegetated forest in Ulju.
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2002 EiE RUSAO 28t MhA#=RE'
-IIRKREBR B dcAhEe #HRo=z -
2EM . IRES - B5R% - TR #aAS

Investigation of Tree Damage by Typhoon RUSA in 2002’
-The Case of Bukbang Region in the KNU Research Forest-
Jung-Kee Choi’, Byung-Oh You’®, Jang-Ho Choi’, Sang-Min Lee’ and Seoung-Ku Heo’

fo

of

2 d7dAe 20024 HF RUSAZ H3S 92 Zdddtn A5y SENd9e ez 3
2 FejzAHE AAltAT. RUSA JadAe & 8/ Aoz tifg SFAde fx& s
Fo 34 E AFBAGAA BAAAT. A5 &L T57E F 59580 HAs S ol 78.6%=
vebgen, ssE FellA el B dFe] 6%E A, FFFie]l Hod YHo
2%% AAsAT. A5 ¥ DBH7F 30em ©]%, 43 20m 01’2}‘31 VI~VId &< A
5238 A9oA 2o, =5d d5S °1%ﬂ°ﬁ1 Helgolsd HFddH S FH
A, T £F 25 A2l Adtn ReEFo] ¢ £ o2 UeEth. £&, RUSAR %
% 95 Jade AR 27 16,91,8669 22, AT s 13,091,874, Id4 s
< 3,899,992 22 7tz ArEE AT

ABSTRACT

This study was carried out to closely investigate tree damage by typhoon RUSA in 2002 at
Bukbang region in the KNU(Kangwon National University) Research Forest. The damage
sites were 8 regions of Korean pine and Larix plantations where they were mostly location in
northeastern aspect. Total damage trees were 595 of 757 and the damage rate was 78.6%. The
rate of the uproot trees to damage trees was 76%. And the rate of cut tree to damage trees
was 22% . The damaged plantation sites had mostly DBH »>30cm, height >20m and VI~ VII
age class of large-mature stand. The depth and transection of root were relatively short and
small, so root growth seems not good condition. The total damage tree price was estimated
to 16,991,866 won, Pine trees were 13,091,874 won, Larix trees were 3,899,992 won,
respectively .

Key words : Typhoon RUSA, Tree damage, Pinus korvaiensis, Larix leptolepis

U g5 20034F 68 28H Received on June 28, 2003.
POTRAEBE USRS BEEI, Division of Forest management & Landscape Architecture, Kangwon
National University, Chuncheon 200-701, Korea(jungkee@kangwon.ac.kr).
S TIEAEE bS5 Department of Forest management, Kangwon National University, Chuncheon
200-701, Korea.
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A0 2 & A HE vhsh go] AT 19 AFY AY

AN T BYsGon, QeI FHE =5

1. EE RUSAU 2J8 Tsi AR d 4B RE 497t 499 9%, P =
W¥ RUSAS 9 slsj 482 Fig. 1~89 & $¥xoz J87a2 9L 5 gaa a4

Fig. 1. Pinus ko stand(site 1). Fig. 2. Pinus koraiensis stand(site 2).

Fig. 4. "Pinus koraiensis stand(site 4).

Fig. 3. Larix leptolepis stand(site 3).

Fig. 5. Larix leptolepis stand(site 5).

Fig. 7. Pinus koraiensis stand(site 7). Fig. 8. Larix leptolepis stand(site 8).
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Table 1. Characteristics of damage site by 2002 RUSA.

Site Species Aspect Slope Ridge ?%r;z%etrt;:; Damz(i;s e
1 P S52°E 31° 1~5 87(94) 92.6
2 P N70°E 36° 1~5 51(66) 71.3
3 L N40°E 20° 1~6 25(25) 100.0
4 P S80°E 19° 1~4 110(140) 79.7
5 L N60°E 14° 2=6 90(130) 72.0
6 P N60°E 16° 1~3 122(152) 86.7
7 P N60°E 26° 6~9 53(70) 75.7

2 P N20°W 17° 7~8 30(50) 60.0
8 L N20°W 17° Be 21(30) 90.0
Total 595(757) 78.6

P : Pinus kovaiensis, L : Larix leptolepis, *Upper

< Uetiz gl

2. E}E RUSA msix|jy oEsizt
8% RUSAC] o|% 8/ dajxde oy
FARA Asgon FAE 16~36,
—8— 1~9% Ao thksiA HA AT,
YEAHELS F YEESF BTE T 55
& & Lo} 78.6% = 4+EH AH(Table

(X

S e iR of
: [

3. EiE RUSA IlsiAIHY ASH S
AfAGE A5 dFALdE Fetei]
At FuAA, Fu, AH, 4F&

stand is Pinus stand and lower stand is Larix stand.

A3, F1374L 13~56cm BAZ HF R2em

2 Je%z,

Fae 13~28m HAE #Hd

20m, AHL 0.09~2.28m= #HT 0. 72m’§
EH"E A QoA T &7t FAA,

He 52~65 HE HHA 5TdNe=R %}%%’oﬂ
A 387} Yelgth(Table 2).

SA9e 3 98 4%t ded 9
Site 3% 6¢ Asistz BE Xl"-“.ﬂl*i 2

1,
ox Jjg

32 ro

o, AA 5 N2%E AAG}E Aoz

vestth, A

Add AH e AZAA 31~70%2

AEA AN s Egkn, YT A2
A B 4%AFANN FREE BT 47%A 3

oA dgd A

oz YgsthFig. 9).

Table 2. Characteristics of damage trees by site class in 2002 RUSA.

Site  Speciss I()cl?nl—)l Hglng)ht Age V(()::‘r)ne Total( rX;)lume
1 P 28(23—36)" 16(13—18) 54(52—56) 0.44(0.11-0.84) 38.3
2 P 40(34—56) 19(17—21) 58(54—62) 0.85(0.27—2.28) 43.4
3 L 30(20—40) 23(19—26) 62(60—65) 0.72(0.29—1.36) 18.0
4 P 33(23—47) 22(19—28) 57(54—63) 0.83(0.26—2.14) 91.3
5 L 31(23—44) i 22(17—-25) 64(57—65) 0.66(0.23—1.55) 59.4
6 P 32(18—41) 18(14—24) 52(50—54) 0.26(0.18—1.42) 31.7
7 P 31(17—-50) 18(13—22) 57(54—60) 0.53(0.09—1.92) 28.1
8 P 21(13—-31) 16(13—18) 52(50—54) 0.34(0.10—0.63) 36.6

L 38(29—50) 25(21-27) 61(55—64) 1.22(0.70—-2.02) 19.4
Total 32(13—56) 20(13—28) 57(52—65) 0.72(0.09—2.28) 366.2

P : Pinus korvaiensis, L : Larix leptolepis, *Mean(Min—Max).
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Fig. 9. Cut tree height point of each damage site
in 2002 RUSA.
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F3d Jal 59 25, Fu3A, HdFa,
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3).
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B¢ | BAnus karaiensis
Olarix legdeas
0
s
°
=
1020 2030
DBH cm
3%
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2%
o
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=
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5 ] rE—
P T R R T T R

Total Height(m

Fig. 10. DBH and total height distributions of
damage trees by 2002 RUSA.

Table 3. Characteristics of damage trees by species in 2002 RUSA.

N £ Mean Mean Mean Total M
Species t:éeg DBH height volume volume aein
(cm) (m) (m) () -
Pinus koraiensis 453 31 18 0.54 269.4 55
Larix leptolepis 142 33 23 0.86 96.8 62
AYE Wel2e FnAA EEE 13~ HAE 3 wx ¥Y da=e d4E 3

56cm, S84 20~50cm7tA o] HelE F
FnA7Ae z2t7; 3lcm, 33cmE YEIRGY. F
21237 30cm o4 HIE& AUYFIF 63%,
g% 9% AuF oz WAZe dA&rt g
2 Aoz AEAY. AsEe] FuEEE
Ao AL 13~28m, SE5S 18~28me
Bxz, 3¢ FF3ne 474 18m, 23mE A
dHeg 717} & YEEo] e T2 AL

2 yehgek(Fig. 10).
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2 veyt(Fig. 11).
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Fig. 11. Root depth and trandection distributions of damage trees(uproot) by 2002 RUSA.

5. Ql=m|sHod AFE

Bl RUSAZ 3 daixdE =3y
A3 °‘9‘7«H74°ﬂ u}a AYAFEZAL o]
gagon, AYFE ImS 49,7104
AES 37 190 o= zﬂ@s]gh;} 9 Tl =
Az 8 Age & AAg 2P A
16,991,866 0.2 AdEon, FEHa 2
V5= 13,091,87491, 9442 3,899,9929 2
2 747 AreH ﬁiﬂ-(Table 4).

Table 4. Characteristics of damage price by site

class in 2002 RUSA. Unit : won.
Site Species Volu3me 'Tree Total
(m°) price(ea.)  amount
1 P 38.3 49,710 1,903,893
2 P 43.4 49,710 2,157,414
3 L 18.0 37.190 669,420
4 P 91.3 49,710 4,538,523
5 L 59.4 37,190 2,209,086
6 P 31.7 49,710 1,575,807
7 P 28.1 49,710  1.39%.851
8 P 36.6 49,710 1,819,386
L 19.4 37,190 721,486
Total 336.2 16,991,866

P : Pinus koraiensis L : Lavix leptoleprs.
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