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Development of Stem Profile and Taper Equation for

Quercus acuta in Wando'
Yeong Mo Son?, Kyeong Hak Leé’, Rae Hyun Kim® and Jeong Ho Seo’

2 o

Ad SeAge] F/MIUE #3420 25 9 A EE T8 Ysie] DA $2134
2y o842 53 B dn oy 2o

Max & Burkhart & 3714 334 2o A4S #rlshy] st SAF D A3 A&
g A3, F7MAGE FAFAS M 2 F8%e o2& Kozak B¥o] 7H8 9488 & F A
ot ZAREA ] loiM® Max & Burkhart 23 Lee R¥o] AulFnrt @2 FRoM thi A7

e B FH3ted v)ste] Kozak R8-S 18 AxE Ko FQo), “Jra})\‘l Kozak 2¥o] H7IA
UF £33 33 2 AR 24 =72 FH 289 & F A 43l FAANE S
A& =Hded, o] 22 F/MAIVURY AF FE got 9 A EE‘E E F Us ez
e,

ABSTRACT

This study was carried out to develop equations for predicting stem taper for Quercus acuta
in Wando district. We were used to derive three taper equations from Max and Burkhart,
Kozak, and Lee functions.

The models tested for choosing the best-fit equations were Max & Burkhart's model,
Kozak's model, and Lee's model. In result, all three models behaved similarly and estimated
diameter well at all points along the stem, although Kozak's model gave slightly better values
of fit statistics. In plotting residuals against predicted diameter, Max & Burkhart's and Lee's
model showed underestimation in predicting small diameter. On the other hand, Kozak's model
was quite eVenly distributed over the whole range of diameter. Based on the above analysis
of three models in predicting stem taper, Kozak's model was chosen for the best-fit stem taper
equations. It was showed the stem volume table by this model, therefore this table was
provided user with volume and management information.

Key words : Quercus acuta, Kozak's model, taper equation, stem volume table.
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2 £9R-olAT-PAd - AFs  BEAGY BPIUGE £2FH% FAFHY

N 2 y=k('24, k& 34 &(rate of taper), r= 3
A2 %‘Eﬂ(shape of the soild), y= ¥4 =&
JEo AL ZFEREH ZFEE o)l A, xt W e KL 2REH AYE U
wa} A, £71e BAAQ guket A E}"“T/‘r 7] 7t B2 o] & 3%-Fo] AjE o]
(taper) S #A T}, ol2|d A& R w  FHHY, 5 IFH= volZo|=Fon £
FZo gt 7] g2 AAES A, old  §RE AFE dF% S 7]' 1A e, ol Al
o2 P& gttt $£73S olal e wet £ 97 Y2 RS TEX o] XA ",
ANA T uto]l e 2e] 4, BEAPAFY dEF TEXNFL O] 239 32} FEHNFOZ UHA
2 Q7o yAzAF AR ola Fo thFd  =Hvl, Metzgerd s dEF 33 TELNFHI 1)
FEE 5 + U sttt 4% b oot
PEF2e] P Bshdt, 715ErE el 2ot E7MAUREE FURTe AEnEo2
A PR AFAQ ol g2 a8 £ E U, AME AFEE BRI FF o A 3R Et

T ojr|H mAslor @ e £7 BRAR  AA Y Rz $Eakn Utk B £FE 2A9 4
olehs A7 Be 2TL RETE Holth 53 of Hol HAURE Belo] Az gon, 24
S0l gelE AAWEl, Yol GAE o o ZHeAE A, 77, AT Fo=

AT E $HYT U BAE 4 w& 2QA7} ok, Ak E A BA e BA

@ AERAL D, M o] FYHE AR 2 2FEAYAE BFm Aok Bol LeiA

ST B8 $0%0] 9% ¢k oldF BE °J 97 g,

AeE wHs] FUYE AP YU PH 2 ATE @AY T8 FISY BAUR

o] &AL oo A o, BARA FB o $A2AY b5y BH R FF 2F A
E

& = vk ek, 4B 2A 9 BB e AR 12F BYez ¢
gk -"FJ'S.?EH% AA EEAY(paraboloid), &  HFele} FAPHE AW = 5 de FHFA
=% (conoid) ¥ o] 2ol=%(neiloid) 37IA = AS =58 Bt

Udth, olEd dig dutEe el Fye

Table 1. Taper equations selected for this study

Model Taper Equation

2
d= DBHJ by =D+ by =+ byl =)+ bilar =)'y

where a = diameter outside bark at height (cm)
DBH = diameter at breast height outside bark (cm)
Max and Burkhart -
e DU h = height along stem (m) I=1, if Th;( a
H = total height (m)
b, = parameters
a, = inflection points (i=1;upper, i=2;lower)

0, otherwise

o R DB”X”;.sm(mnom)»by_me + o LB
1

where Z = relative height ( = %)

Kozak
_ = _ HL g . .
X= I=Vp @ = i » HI inflection point)
ai, b = parameters
ducby - DB - (1= %) D
Lee

where £ = relative height
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F/HAIUR] A 134 2dg st
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Max & Burkhart®-& 197613 ALs 2o g2
e ARz Lro] 2709 Mol Adst

BE 24372 (segmented model regression)
FHTM FA e gol o]&= 1 glon, FF
A A 1A Hko} B2 FALATI} o] FojRl u}
SATHCao et al.; 1980, Parresol et al.; 1936,
Clark et al.; 1991).

Kozak?-& ¥ 3kx| 2] (variable exponent taper
equation, or K2 equation)2 2 HHE 1 glo
W, FE FRE0Z Yo 17]o ¥aA
St AA S £ 0] o] o] Zot,
(L ARG 3 Fohgtse
2 FEE AugtEold uigt
Ax= g a2 AR " o 2
Kozakol 2j&l 7id=]o} nl=x} 7t
ol¢5 3 JrkFigueiredo, 1995)

Leer& Sejvetolld A e #3034
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3oz 7, o W, 5 FUYUASE 27
WA es 23t AgHor T Ao,
FRUE 2URY FAZHYE AT A8 v}
ohq.
M.

Zh SRR Y rhEeE FAA 2 o
gsdg Hrkey] Yo WA FRE A8 E A
< 93 FEAE(sample data)t AF L 93 7
% &(validation data)® FEslgom, o &
€ ol &% FHZAAE H1sl7] Y8l Hel(Bias),
FHR ZE2te] NE-&(Standard ervor of
estimate, SEE%), B34 WA Mean absolute
deviation, MAD), #zte| FZAXN(Standard
deviation of differences, SDD) 2 23t 7z}
FH(SSRR) 59 ZAABAFS ol&sturt
(Table 2).

7% AR BAZY 715 Lolrd, A3 Ex
F(FDE AR AR A RS 2]
3hs s A, vAPs| AN NM e 2HA
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F Qe AWAAAFEE BER 0@ 74 2
el 2715k BARE FUAL @ 5, AohA
o AFFoeA FHAe JRAY ool @
AAFAYelSE B 5 Aok,
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Table 2. Statistics for evaluating performance of taper equations

Statistics

Equation

Fitness index (FI)

FI=1-2(Yi— )%/ (Yi— V)*

Bias

D=3(Y:—Nin

Standard error of estimate as percent of the mean (SEE%)

SEE% =V (ei— D)*/(N—1)/ Yx100

Mean absolute difference (MAD)

IDi=2](Y,— D|/n
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Table 3. Parameter estimates for three taper equations in Quercus acuta

Model Max and Burkhart Kozak Lee
a 0.71889 ao 1.53221 b 1.25322
az 0.11646 ax 0.67083 b2 0.94406
b -4.63518 az 1.02784 a 0.41733
Parametet bz 2.1738%4 b -0.04699 c2 -0.24858
bz -2.56207 b2 -0.02019 c3 0.57076
by 6.76398 b3 0.07542
bs 0.28499
bs -0.11374
FI 0.9761 0.9795 0.9770
SEE 0.6594 0.6111 0.6443
Bias 0.0641 0.0053 0.0160
MAD 0.4962 0.4502 0.4848
Zn o o
Kozak
—— M8
1 BIHAILE $22M4] 3 " S
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T Adkel vima] B, ©xHel g7}
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0.228 Yehv, 54 FFolzt
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Fig. 1. Taper curve pattern by taper model

Residual plot _ Kozak model
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Fig. 2. Residual error in diameter outside bark
prediction plotted over predicted values
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Table 4. Stem volume table for Quercus acuta
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A2l ofs dold FHAHT AEAH
Hwat] AZAHE /Mg 2 A9 e AF
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o]#A Kozak B&E o|&3te] H7MAVES
FUAREE O3 Zo] T £ I, ©

£ o] &3 F7HA 95 AFE AL F
A& Zolw, AA7A A3 AAHA ZHAA
U, o2 £ ARIES giA ol &sHd Bt
AGE A Folmg A g Wkl o] &
HEA FHM AHE A & 5 US Ao,
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Ad x| Fel] 2P FIAGE F3H
A2 &% 9 FUAAFRE FE317] H3kd
N AEE B T 2 o] &S
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Max & Burkhart 5 3714 4

.T'_
A
Sr

=l

DBH (cm)

6 8 10 12 M4 16 18 2

2 A ¥ B N R H ¥ B 4

0.009 0.010 0.012
0.015 0.007 0.020
0.023 0.026 0.030
0.033 0.039 0.044
0.047 0.054 0.062
0.064 0.074 0.084
0.087 0.09 0.112
0.117 0.132 0.147
0.165 0.172 0.191 0.212 0.233
0.205 0.24 0.246 0.211 0.297
0.269 0.288 0.315 0.34 0.3%
0.351 0.370 0.400 0.434 0.472
0.459 0.474 0.505 0.545 0.589
0.59 0.604 0.636 0.681 0.732
0.783 0.769 0.799 0.848 0.%06
1.06 0.978 1.001 1.062 1.118
139 1.245 1.252 1.303 1.315
1781 1.585 1.564 1.610 1.687
2.364 2.021 1.953 1.986 2.066 2.172 2.293 2.424
3.158 2.582 2.439 2.448 2.5% 2.641 2.777 2.9%6
4.249 3.308 3.047 3.016 3.034 3.205 3.3% 3.526

0.014 0.015
0.023 0.02
0.034 0.039
0.050 0.0%
0.069 0.077
0.094 0.104
0.1 0.18
0.164 0.181

0.017 0.019
0.028 0.031
0.043 0.047
0.061 0.067
0.085 0.093
0.115 0.1%
0.152 0.165
0.198 0.215
0.24 0.276
0.323 0.30
0.408 0.441
0.511 0.%1
0.636 0.684
0.787 0.845
0.971 1.039
1192 1.212
1.460 1.552
1.783 1.889

0.020
0.0
0.051
0.073
0.101
0.136
0.178
0.232
0.298
0.317
0.474
0.592
0.733
0.4
1.109
1.35
1.650
2.002

E ~ on — o I

0.022 0.024
0.0% 0.039
0.05 0.059
0.079 0.084
0.109 0.117
0.146 0.157
0.193 0.206
0.250 0.267
0.320 0.342
0.405 0.433
0.508 0.%42
0.633 0.67
0.783 0.84
0.9 1.0%
1181 1.24
140 1.58
1750 1.8
2120 2.242
2.51 2.703
3.086 3.251
3.709 3.901

0.0 0.027 0.020 0.030 0.032 0.033 0.035 0.037
0.042 0.044 0.047 0.050 0.052 0.055 0.058 0.061
0.063 0.067 0.071 0.075 0.079 0.083 0.087 0.092
0.00 0.09% 0.102 0.108 0.113 0.119 0.125 0.131
0.1 0.133 0.140 0.148 0.1% 0.164 0.172 0.180
0.167 0.178 0.189 0.19 0.210 0.220 0.231 0.242
0.220 0.234 0.248 0.262 0.276 0.289 0.303 0.317
0.28 0.303 0.321 0.338 0.35% 0.374 0.32 0.410
0.364 0.387 0.409 0.432 0.477 0.4% 0.52
0.460 0.488 0.516 0.544 0.601 0.657
0.577 0.611 0.646 0.681 0.790 0.821
0.717 0.759 0.802 0.844 0.930 1.016
0.8%5 0.937 0.989 1.041 1145 1.250
1.087 1.149 1.212 1.275 1.402 1.5%0
1.328 1.403 1.479 1.5% 1.707 1.861
1.616 1.706 1.7% 1.887 2.070 2.295
1.959 2.065 2.173 2.281 2.500 2.721
2.36 2.49%2 2.619 2.748 3.008 3.211
2.849 2.998 3.148 3.301 3.609 3.764 3.921
3.42 3.5% 3.773 3.953 4.134 4.316 4.68%
4.100 4.304 4.511 4.72 4.935 5.149 5.366 5.584
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Stand Characteristics and Annual Ring Growth Analysis of

Quercus variabilis Stand in Yangyang, Gangwon Province'
Sang Won Bae’, Eul Sun Baik’, Mun Ho Jung’, Kwang Su Lee’ and Young Soo Kim®

e o

2 A7E ZUE YA TR A9Y FAE AT T PRE A7) 9de) Q2EY 2 A
F ENE AN, dRe e VEFRE IGF Aol $Esa ggen, g edE 9¥
£ XEFIA. VI YR KT dve YRUSE 247 2,228 89280l 0n, BFF
23R Fae VIF 484 Z47 11.6cm, 9.5mPor, XI9F YEL 25.1cm, 17.8m o).
AR 1 % £¥ Fhe T Y¥ BT gE Issgod, XIF 9N 52 3o
EFIAGT. VIR RANE 7 1047471 4] 3 Fasgen, £9 254 o5z 4%
Fo| Fasge. KIF dEol

2R ABATE 49 BIAA S Faadod, +3
469 °]F Imm A= AAE Bt AF AZF XS d8 22 98 271 €8 Ao
AzHEn,

ABSTRACT

This study was conducted to provide information for the tending practice that could be used
to maintain the natural Quercus variabilis forest by analysing stand characteristics and annual
ring growth in Yangyang, Gangwon province. Most of stand ages were from V to VI class,
and the oldest stand was IX class. Stand density of V and IX age class was 2,212 No/ha, and
892 No/ha, respectively. Average DBH and tree height in V age class was 11.6cm, 9.5m,
respectively, while 25.1cm and 17.8m in IX age class, respectively. Qualities of stem and
crown of Q. variabilis were generally good in both of V and IX age class stands, but crown
quality in IX age class was bad. Annual ring growth of Q. variabilis in IX age class was good
to 25 years old. After 46 years old, and annual ring growth was around lmm. In V age class,
annual ring growth was the best to 10 years old, but decreased after 25 years old. Annual ring
growth in IX age class was the best to 25 years old, while decreased to lmm after 46 years
old. We conclude that it is necessary to adjust stand density properly for maintenance of annual
ring growth.

Key words © Quercus variabilis, stand structuve, annual ving growth.
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Fevet dEEA Y % 20% e AR e
2ArE 29% 5 A Qe E2ES AA
g7t Eue /gl gdEe R HFH
S71dE2d, ole9 A - AEA 54& 1T
A Tedte] A o] RojxA] ke, 53,
HAAFY S vix] A3dedH 22 P
2 B3 1ol 48] Bt 2.
A 2 Ao A E e 394 71eH
FRRA B AR U Y] A3 &89
Fo7t A2 gobddl wet, AF7HA 2w A
FF AFE & ARG ATEG AERE
oA A fevete] @7 Hgae ALY
T dg A7 A Skt doHEAE,
1998; AAE 5, 1999; A+8 5, 2001; ol<¥Ad
5, 2000; A2, 2002). L 23} 2005 @A A
20 St Ahee WAL 486,971havt A
gl Hlsl, Edde] WAL 512,411havt S7F
stfeni (A, 2006), o2 FHE derx
A%E Aoz AYAHAI RS §, 2006). ol
el R A 85 7S A =2
AT £ 7M7) 5 AIEETE dg o
e AYsta JAHFHAEF 5, 1999 e
5, 2001; A+, 2005).

FET AUTHE RS I HRAFAA = o
ol HAFAL o] 7Ale AAA Jee
2 ot FES NAA AFH FF NTH e
GFE T4 71%5S A% 1874 A ddpE
AN o3 JeHEAA - fH 2, 2006).

AT TR uEte O F¢e AlY A o] A
T AFE Y] 7] g, HALH+H
Aol g 71e7lde] Az o] FoA]A] ekgt
3, 53 AAEAFEY FF 7T AF Fol
ERstn, SAA 714 dgrt Askrl b
8 g BXU 78 5T 2E 2
ol9] Aol #AF AT Fol wm|F A o|ti(H
7] - #8L, 2006). wet dadgdrde &
SR A E s AABGF YR 5
A 874 12T AR g A7t g.
3, ol & dsl A, £F 7Y, ¢¥ FE, 4
& Y Sl i 2] dgEojol & Aot}
(Whittaker, 1975; Gholz and Boring, 1991). &

AT HAE feive AAB8gTE Es
Q) FFURE iAoz JEEN 2 FudA
TS BNt JAEA,Y FSEE 9
& 7128 E AASHE d Sl

=
Hu
%2
0x
3

1. 937 CHAX] JHE

B AR = A9E FET AT FE
Ha Aoz, dEH 14/ AN, dgd
o 47} EEAE XA F NG BF 23
Uik A5 e Ageg, AN AR Al
o2 JdET ZAARE A3, A 94
= &%z 280~715m, ZAAF 11~26°0) X3t
gRen, Ble F2 FE5 GAd EEIHTY
(Table 1). ZAIAAe] EXEA LS Table 291
Yebdth, F2 HALdRA e ZatAd e
o Bxsta ien, AEAY FEEAL 47
53cm, 16cmE EFo|Aqtt. EFFERY S8

T FERA 2} EGREAS HIYe
H, EAo] FAANEZ "o ko] vl 7]
o Fol] wj$=7} v ¢ wE =)t

Table 1. Environmental factors of the study sites

Plot Aspect Slope  Elevation
No. A () © @
1 A 185(S) 30 323
2 A 128(SE) 32 387
3 A 54(NE) 24 440
4 A 158(SE) 36 385
5 A 255(SW) 22 623
6 A 202(S) 35 715
7 A 205(S) 33 697
8 A 130(SE) 30 663
9 A 174(S) 23 520
10 A 177(S) 24 525
11 A 160(SE) 28 547
12 A 122(SE) 11 280
13 A 292(NW) 33 285
14 A 31I(NW) 33 347
15 B 191(S) 22 555
16 B 206(SW) 22 536
17 B 193(S) 23 499
18 B 238(SW) 28 481

*A : Hyunbuk-myun, B : Hyunam-myun
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Table 2. Soil characteristics of natural Quercus variabilis stand

Unconsolid ~ Available Sl Organic Soil structure Wetn
Area  Bedrock Soiltype ated depth sl depth | metter content ———————— hm_‘“)
(cm) (cm) (%;A horizon) A horizon B horizon 208
Vagmggn Metaoghic By 53 6 Lomysnd 24  Gramlx S“mﬁ ——

2. ZNT MF % ZA BS
£ 479 2AE 99 2 Al 23
23 Y YR FARE NFoz 9
$E Agstn HEn L AFel met Qo=
AFE AR, EEAE 982472 43
Sgonl, 2A7e 271 Y% FA% 3359
S30) wel 47 12~24m Aol A Thepell 2
g, 2ANGEE 4 538 FI147, 43,

Adtx, dEFAF(Kraft, $3F, £43), @

N rR 4

[
-

2 FIPSIA ERE AANT F 48337
£ o134 0.0lmm B2 BT )5
AR el £2F, 437, 4T 5L ¢
Yagn.

i o o

1. 2ELR doizlo| dEs.
ZAAA ) 2RUTY 2AT 187049 o

FAF Solth. AL AAH|ZE o &3] E FXE A Z2HE Table 3] Yttt dl
A mm 892 P, $2s ARDE Wh PR 2RI ST JEOR ABUT, BW
2Z Fu5H7E o83 0.lm @92 FFY FUHE, 2UF, AUE, EFEHUE, SR,
o, ES ALY 38 REES A A BZEUUF So] ASn Ao, dRA G
Table 3. Structures of natural Q. variabilis stand
No. of Average Wb Plot
f\]’l:t Area Stand age " trees  DBH —helght(rz)_ Bz‘sil/hfa 2/°31‘/’}’1“a§ radius
: (No./ha) (ecm)  Top ne v o (m)
branch
1 A Vi 2,389 14.4 10.9 5.8 39.16 166.2 10
2 A \' 1,393 20.3 16.2 10.0 45.06 290.8 8
3 A \ 1,393 19.6 114 6.5 41.92 216.1 10
4 A v 1,051 18.8 14.9 8.2 29.31 197.5 10
5 A VI 796 28.7 16.9 6.8 51.62 374.8 12
6 A v 752 18.5 13.3 6.5 20.18 122.4 6
7 A VI 701 26.9 18.4 8.4 39.86 291.7 8
8 A VI 513 22.5 15.6 9.1 22.84 136.2 10
9 A Vi 541 20.0 14.7 6.9 17.07 95.3 12
10 A Vi 541 26.4 17.5 9.0 29.70 224.7 10
11 A Vi 487 21.9 13.7 5:3 29.719 204.5 10
12 A VI 446 29.0 19.5 9.9 29.46 2271.5 12
13 A Vi 398 26.3 20.6 10.9 21.68 174.9 10
14 A Vi 34 28.5 19.1 13.1 22.63 161.5 12
15 B Vi 1,083 22.6 14.9 7.4 43.33 290.6 10
16 B \ 2,212 11.6 9.5 6.0 27.6 120.7 6
17 B X 892 24.0 17.8 10.3 44.18 315.7 10
18 B A 1,045 20.4 14.9 7.6 37.57 234.4 8

*A : Hyunbuk-myun, B : Hyunam-myun
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Table 4. Characteristics of natural Quercus variabilis stand by stand age class

Stand age Speci No. of trees DBH Height Basal area Volume
class pecies (No. /ha) (cm) (m) (m®/ha) (m*/ha)
SO 177 5.3 6.9 0.4 1.0

v QM 708 6.7 6.6 2.6 6.5
Qv 1,327 15.0 11.4 24.6 113.2

Total 2,212 11.6 9.5 29.3 120.7

SO 32 0.2 4.2 0.2 0.9

PD 32 0.3 8.5 0.2 3.5

X MA 32 0.5 3.1 0.2 0.7
QV 796 43.5 25.7 43.5 310.6

Total 892 25.1 17.8 44.2 315.7

*SO : Styrax obassia, QM : Quercus mongolica, QV : Quercus variabilis, PD : Pinus densiflova, MA :

Maackia amurensis
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Fig. 2. Stand quality of natural Quercus variabilis
stand by stand age class (a: V age class,
b: KX age class)
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and smallest for Q. acutissima.
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The interesting for forest was increasing from now on as carbon sinks under the UNFCCC.
It was already reported that the carbon absorption capacity was excellent better than other
coniferous species. Therefore we have to need a different point of view for Quercus spp.

Kew words : Quercus, growth, UNFCCC, carbon absorption.

N B

Sevtetel] ASsta e FUFe 2 A9
glo] <k 1,700 haol) 2319, nF77A, B
52, A 59 o] &2 A3t YR
AAH ZEAT o] &7 A A= FFE
o2& AFelth,

FUEFZTANE dEHQ FFAUTES
sto] AZA o2 3,000ha ©]d AH-E 7HA
i 4730 239, By Ex o=
U457t o 50%tha, AZ2UE7E o 40%Hha
et 3, 2 dore AFRYLo] T2

AIRA b Ee oF B9Tm'E A3k 3)

rlr B =
ox L Of

]

l

tHYPATR, 1996). 28} ol A & F2 3-
49 Folte] Ygol WRRoln], A AE =

9 -9 53 239 FeAe ¥ 522
sla] YEAQY S E TR FA) 3 A oln,
Il A2 71712 QAdte] Aol AR 2
2 u 9o

Suet Arw A o o 5% 5 Hdta
UEde @9 AAR 79 AFF %"40\
H5sle] oz XA ozl UYL
T A4 27 9L A RET B8 A 01
L FFo] A3A %3 FAAQ JEA7 fle F
Zo] gle7}t-ghe da AuFe A B
AREAS 21 e FUFo] g L A
Rejglx 7Aook & Ao|t},

A4S FAstedE oY 7}11 wdoy 33
21go] i o]&5 3 g}, o] T P9 AR
st FHstede A% %E%JOI gL olgNE
Hol3 gl&d, o] F Weibulld 432 ¥

Ud Exole muo|ti(Alwte T, 1998
3} =, 1991; o] A3, 1992). ol& AAF ¥
FEAUA A = 5 U] AFL
, B BEXoME A7 3R = OFA

rlr

I‘ |
'l

.0
=
5= 3
a

do ) njn Lt
“

o ope rfr
M2

[«
=

P

}

fo ot

9,
3]

QAT o 34 4 Do 2P AW o
=S g 3,

B A7NNE B5IUT 5 4) BT 9%
98 BARE 20l 43 998 3o
EQ $3, F13%, 9uE, A9+ 5

mlz}oﬂ WE R YRS PES 3

2 Qeel d9AY 4 7124 ARE AFen
z} 2.

a,

HE o ahy

1. ZAL X2 g

44 o] &€ A5 e AFUYF, SHURE, A5
YUE, AZUR7E 33H o2 A5sta e A
oA FEAE A3 FHAAT. EEA 2+
89| e A7 £FE=Z 247 3lplots, 32plots
38plots, 24plotso] ZAIE AT, agla o5
AR e Hd dEe FFE Aole 5’;12‘4
oF 723 g3ty en, A7 M9l 8-34cm

et 3

2 BNy

FEFUR AYAF, L8, F137%, A8
L= Foll tist] vlAdFg AL VJE“QE 7Nt
A . SAA EAVEL TS UER
RN ES A dEARA AFANA 1 T F
2 RS =33 od, A 21 BH7E
o2 AT Agst A Fol ol &HUH.

du o ng

1,470 #US NARS £3

2\9](site quality)’s 9A19) AAH Y21
el Rold, ol& A%, EF S 14 9
A7k A @ AQBS) ThEF ARl oo} FTE



o

28 PR -olBe - AUd - B

F2 40 AHT ¢

o 4% 54 % 29 A

e

Table 1. Parameter for site index estimation model by four species

Species
Parameter
Quercus aliena Quercus variabilis Quercus acutissima Quercus mongolica
b1 14.799083 16.269059 19.266453 33.826074
W= o8 AAF o 3o AEZ Yehln -
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Fig. 1. Comparison among four species by Site
index baseline

Dominant height (m)
g 8
=~ =]

(=4
o

10 20 30 40 50 60 70
Stand age

Fig. 2. Site index classification curve in Quercus
acutissima stand
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Table 2. Parameter for stand height estimation model by four species

Parameter

: Fitness

Species ind
a b c d e 10aEs:
Quercus aliena 2.721594  0.034620 0.00004  -10.24752 -5.142050 0.9479
Quercus variabilis  2.413263  0.048637  -0.00004  -3.446948 -7.379769 0.9254
Quercus acutissima  2.827205  0.036370  -0.00011  -8.093392 -6.940422 0.9429
Quercus mongolica  2.948519  0.049072 0.00018  -25.97851 -8.257409 0.9196
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Fig. 3. Comparison among four species by stand
height curve
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Table 3. Parameter for stand dbh estimation model by four species

; Parameter Fitness

SDecIes a B d index
Quercus aliena 8.272031 1.523085 0.014954 1.143711 0.7251
Quercus variabilis 9.393814 1.459641 0.001227 1.892884 0.8370
Quercus acutissima 1.846571 0.011409 = 0.650224 0.8377
Quercus mongolica 26.38028 0.454405 0.002218 1.681547 0.8207
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Table 4. Parameter for stand density estimation model by four species

Speci Growth Parameter Fitness

RECES . factor % b & g index
BA 0.161613 0.170493 = 0.535006

Quercus aliena 0.3521
Mean BA  8.272023 1.523797 0.014954 1.143715
BA 0.127780 0.029234 - 1.000857

Quercus variabilis 0.4709
Mean BA  9.393825 1.459646 0.001227 1.892830
BA 2.948808  -0.035880 - 0.624773

Quercus acutissima 0.4791
B Mean BA  1.846571 0.011409 = 0.650224
BA 0.052825 0.021895 - 1.141256

Quercus mongolica 0.7871
Mean BA  26.380256 0.454404 0.002218 1.681551
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estimation in Quercus acutissima stand
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Estimation of Vegetation Carbon Storage of Pinus densiflora
in Watershed Level Using Quickbird Imagery’
Tae-min Kim?, Chul-chul Songz, Woo-kyun Lee*™, Yowhan Son”

Sang-won Bae® and Choonsig Kim*

2 o

0

dutd o2 oA &iaR s Ageri A AeE(Vegetation Carbon Storage, VCS)# &
Fet2 A 2 3(Soil Carbon Storage, SCS)el oz B 4 3lt}. o] VCS 2 SCSE d=9] =],
o ], AEZE 57 BANES B3 WHHHcz FHE 4 o,

E AT e AT JdEY VCSE Fo9H9 =2 35 WS AAsgn. $4, Quickbird
°§”«l AEEFE B3 2UFY £XE FEIAUGY. ol¥A FE2E FadHY 2UF ¥
GIS7|fte 2 F&5dE RAEAZ FY3IAT. 74 9999 2UF AR Fd $BAHES
A3 9, o5 24 A& duAA §9E 2UR B4 2850, 97 Fu3A
1 FZALSE %EH FEd FEHZ ot F1873 BALS °] 3]'04 FRsAct. olgk Zo] —r7&‘
B F33AY EFE 71EY VCSFH A udstd /9 VCSE 33t 2 d79
VCSE:4 A ”J’i]—?: FT, TEH 99 VCSE #9as] VCSEE= F4A7ed &89 &
=

rlo e o

ABSTRACT

Total forest carbon storage can be classified into vegetation carbon storage (VCS) and soil
carbon storage (SCS). These VCS and SCS can be indirectly estimated by tree size and age
and stand density. This study suggested an approach for estimating VCS of Pinus densiflora
in watershed level. Spatial distribution of P.densiflora was prepared through supervised
classification of Quickbird imagery. The pixel based distribution of P.densiflora was segmented
in watershed level which was prepared in GIS. Mean crown diameter for each watershed was
estimated and used for estimating number of P.densiflora for each watershed. DBH was

! 2 200748 98 30H Received on September 30, 2007.
2 peiietn 7448l 282 Department of Environmental Science & Ecological Engineering, Korea
University Seoul 136-701, Korea.
3 Zyaniety A Alaty)2A 74 Forest Practice Research Center, Korea Forest Research Institute.
f 2R Y stw A+ A48 Department of Forest Resources, JINJU National University.
* o 2t A 2}H(leewk@korea . ac . kr)
- 33 -
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estimated using relationship between DBH and crown diameter which was prepared by field
survey. VCS could be estimated in watershed level in the way that the DBH and number of
P.densiflora in each watershed fit to the VCS estimation function. Our approach can be used
for up-scaling plot based VCS to the VCS distribution in watershed level.

Key words : Vegetation Carbon Storage, Wetershed level, Pinus densiflora, Satellite imagery.
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3) F9A W= 3

AURAE ddoz Add A5% 33 399
(Y - AFA, 1989, HFIF - o]Ad 1990)
(Eq. D3} dutx oz ALg5 & ulo] Quj A-EkAA]
A A (Eq. 2)2=2%E DBHS VCSe &4
2(Eq. 32 =&35Y. A AdAFE
A R2171 5939 93] (Intergovernmental  Panel
for Climate Change : IPCC)dlA AAIE %<
A &3,
logW=2.5234+1.99*logD --seeerevrerrenn. Eq. 1.
W=x529] ulo] nj~(gC/tree)
D=DBH(cm)

VCS(gC/tree)=W(gC/tree)*0.5 -wveeee Eq. 2.
0.5=IPCCo|Aq Hz3le= AdA s

DBH=Z%¥ VCSE 4t&35t7] 94 (Eq. D3
(Eq. 2)2%H =& 344 129 (Eq. 3)
7 2o,

VCS(gC/tree)=166.71*D(cm)"*® ......... Eq. 3.

DBH¢} VCSe] #A4 & &3 4 & 3 VCSS

Table 1. Error matrix of supervised classification of Quickbird imagery

Class Reference Classified Number Producers Users
Name Totals Totals Correct Accuracy(%) Accuracy(%)
PD T 5 5 71 100
C 3 5 3 100 60
H 5 5 3 60 60
(0] 5 5 4 80 80
Total 20 20 15

PD=Pinus densiflora, C=0ther Coniferous, H=Hardwood, O=O0Others
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Fig. 3. Forest types(a) and Spatial distribution of Pinus densiflora stand(b)
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(Fig. 3a)3ta 2T 328 aq(Fig. 3b)
AA 4%! AA 9] ok 26%7F AUYFHoR FET
Ao, 7Y 75 =2 HoFE Error matrix
= Table 13 Z2n} QOverall Classification

%

AccuracyE 75%, Kappa Valuex= (.672 et

wtot

2. RTE

WEA S Fol wat 7 A7 F 24
Tz FEHANCH, 4 fH99 B2 0.1~

340.0ha®2 YEliti(Table 2, Fig. 4a).

3. RYY ALIFY dxet B sAXF
FAINA AR GFE SR

A4959

dol 2URYY BT FBHAE

Fstsiet.

Ho

Table 2. Pinus densiflora area, mean crown area, DBH, number of Pinus densiflora for each watershed

Area Area of Pinus MeanCrown  MeanCrown Number of Mean DBH

Wateshed (m?) densiflora(m?) Diameter(m) Area(m®  Pinus densiflra  (cm)
I - 978 0 0 0 0 0
2 58,646 587 6 32 18 25
3 115,448 2,309 6 30 76 24
4 599,498 5,99 6 28 212 23
5 258,966 10,359 6 24 436 22
6 417,658 20,883 6 27 764 23
7 483,602 29,016 6 29 993 24
8 1,300,000 52,000 6 30 1,722 24
9 1,000,000 90,000 6 28 3,183 23
10 653,554 91,498 i 40 2,311 21




Table 2. Continued.
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Watershed Area Area of Pinus MeanCrown MeanCrown ‘Number _of Mean DBH
(md) densiflora(m?)  Diameter(m) Area(m®)  Pinus densifiora  (cm)
11 937,974 131,316 7 36 3,616 26
12 979,702 137,158 8 45 3,023 28
13 508,087 152,426 7 35 4,323 26
14 767,584 168,869 6 30 5,593 24
15 553,251 171,508 6 32 5,331 25
16 902,538 180,508 7 33 5,440 25
17 830,131 228,834 8 49 4,668 29
18 1,200,000 288,000 8 55 5,197 31
19 1,400,000 294,000 6 29 10,060 24
20 938,737 319,171 7 35 9,053 26
21 900,756 405,340 9 62 6,516 32
22 3,400,000 884,000 8 45 19,487 28
A AR FF FRAAEL 3.0~6.4m=E F  D=4.7507+3.1175%C v Eq. 4.
A=A}, FHRAANA Ad B FE¥HAH2 D=DBH(cm)
2 AURE 98E Yol 24§94 U 2T 2 C=532(m)
F& 42T F UUHTable. 2).
5.VCS 2EZ%
U HoRLE DBHE 3 Zr 9 W AR B DBHe 248
AFZAIE 24T 59959 #3477 DBH  Eq. 39 didd 3]'04 98 9=3F VCS(Fig.
A8E EUZ Eq. 49 22 834434 DBH & 4a)9 2 499 % VCS%(Fig. 4b)S F3 3}
AAE A9, o 29 R%= (.800]t. St
o
= - L 4
s ]
ol ]
- -
Pt v “ s
High: 170 8 120
T owio B oaves
(a) (b)

Fig. 4. Spatial distribution of mean VCS (a) and total VCS in watersheds (b)
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A Study on the Improvement Plans of the Forest-Land
Conversion Permission Standards’
Young-Kyu Parkz, Soon-Duk Kwon’ and Eun-Hee Kim®

2 o
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ABSTRACT

This study was carried out to search for the improvement plan and to suggest a permission
standard for the application of forest-land conversion. Through a series of workshops
nationwide, direct survey using a questionnaire was conducted to the public official for the
forest-land conversion.

It was shown that enacted the Forest Land Administration Law including forest-land
conversion permission standards was somewhat effective to prevent unplanned forest land
development. However, forest-land conversion permission standards were difficult to be applied

' #2 20074 108 48 Received on October 4, 2007.
? 2y a2 218k Korea Forest Research Institute, Seoul 130-712, Korea.
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in the field because the standards were unclear and monotonous. The forest-land conversion
permission standards were required to be improved for the response of frequent civil appeal.
It was revealed that both average slope and altitude standards among the forest land conversion
permission standards were required to be improved immediately. Developers could abuse the
permission of 50/100 forest land altitude, in that case finally total edge of forest land would get
damaged. Also, the permission of the average slope 25 degrees could include steep slope area
in the development area, which could be caused by unplanned development.

Although the permission was arranged by calculating edge classification and average slope
of forest land, it was insufficient. It was urgently need for the public official in the field to
use the program that considered a variety of topographies and the region circumstances, and
that analyzed the difference of application by province.

Forest-land conversion permissions standards were caused by the civil appeals because of
uniformity and indefiniteness. So, We need to arrange the guide line and institutionalize the
regional regulations that considered a variety of topographies and the region circumstances.

Key words : the Forest Land Administration Law, forest land conversion permissions, average
slope, edge classification.
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Estimation of Biomass and Sprout Growth of
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Quercus acutissima After Forest Fires in Yesan
Young-Ken Lee’, HyeKyoung Cho® Jung-Kee I“yo3 and Young-Jin Lee’
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ABSTRACT

This study was conducted to estimate biomass and sprout growth of Quercus acutissima
stands after forest fires in Yesan. The number of stump sprouting was controlled such as 1,
3, 5 sprouts per stump at each plot sites. All of the sprouts per stump measured height, root
diameter and DBH during the spring and fall of 2007. According to the results of sprout control
study, average diameter values were significantly larger with lower sprouts per stump. In
contrast, average height growth is insensitive to sprout numbers per stump at young Quercus
acutissima stands. In the case of sprout biomass production, the results of one sprout per stump
sites indicated the largest values ranging from 27.7kg to 79.6kg. ‘One variable quadratic
model’ showed the best results in prediction of stem biomass(Bs=0.09136 D +0.10525 IF),

' 24 20072 99 209 Received on September 20, 2007.
2 2yl nel9l Korea Forest Research Institute, Seoul 130-712, Korea.
3 zzoietm ArE A9 etn Dept. of Forest Resources, Kongju National University, Chungnam 340-802,
Korea.
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while ‘Generalized logarithmic model' showed the best in branch and leaf biomass predictions
(Bz=-0.0173+0.0104 D**% g7 B =-0.0445+0.0382 D" F'6%%) The results suggested
in this study could be very helpful to understand sprout growth patterns and sprout biomass
production of Quercus acutissima stands after five years of forest fires in Yesan.

Key words : Quercus acutissima, forest five, sprout growth, biomass, regeneration.
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Table 1. The environmental characteristics of Quercus acutissima stands in Yesan

Temperature(C) Precipitation(mm)

Altitude(m) Aspect Slope(*)

115
63-17.4 1228.3

70 SE 10
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Fig. 1. The layout of experimental design in sam-
pling sites
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(Avery and Burkhart, 1994; Clutter et al.,
1983). 31914 332 SASe] REG procedurest
HAE A4 F4E 93] NLIN procedureE
o] &3t BFES FAIAUTE. FH2 9 AYA
AX¥E 98 AFAF(EE F.L), LA
(RMSE)& 4t&3H3it.

Table 2. Equation forms tested for estimation of sprouts biomass

Model Equation Form
One variable model W= a+ bD*
One variable quadratic model W= a+ bD+ cD?
One variable quadratic model W= aD+ bD*
Constant form factor model W= aD*H
Combined variable model W=a+ bD*H
Generalized logarithmic model W= a-+bDH?
Honer transformed variable model W=(T+D?2/—I_J)~

Where : H=height(meter), D=dbh(cm); a, b, c=coefficients to be estimated from sample data
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Table 3. The average diameter and height of Quercus acutissima sprouts(meants.e.)

Treatment DBH(cm) Height(m)
(No. of sprout) (p=0.0425) (p=0.9934)

1 sprout per stump 55£0.3a 49 +0.1a
3 sprouts per stump 4.9 +0.3 ab 5.0+ 0.3a
5 sprouts per stump 4.5+0.2b 5.0+ 0.2a
no treatment 5.3+ 0.3 ab 49+0.3a

Note : Means with different letters are significantly different(p<0.05) by Duncan's Multiple Range

Test
o 9 nF

1. ZEX| 9 M=z 2N

4719 EEANA B aME Fo]7] 93 Wo}
29 FnAAE 71Fez $ASoR 1084 &
vwatgeny, 2007 393 999 Al U
Ehd a9t Fu3R 7] #A = Fig. 29 Fig. 3
o] yehd ukel 2}, X2l fme wislEch
A7 Wzl JesiA FEEen, Table 3
& A uR ol S dges 74 EFEAE B
FAE F A4, Fa9 XY FELAY @&
°]9 Duncan®] tHF7H3 S AAG Ao}, 2zt
A AAL 12 2EAEY PN 5.5cmz o
2 A2 7o va 73 £ ¥alEg Y, 3
7] AAdse 18 A=AT ) 38 BEH e
> FAETF ) 58 AEA YT ¢old p-value
£ 0.04252 5% 9 froFEda SAEA Ao
7} debth, wiad], 7t XE3d Faus BRE
A oA B3 AT Hon, AE

od
=3

1

© Spring survey s

N
o

4 Fall survey "

Height (m)
s o o
o o o

@ 4
©

60 70 80

30 40 50

DBH (cm)

Fig. 2. DBH and height growth patterns between

spring and fall survey

2 a7l dade FAAQ A7t v
U2 &skch(p-value=0.9934). &, BT
¥ wole] 4Fe Fauc AReIN 2 Aolr
Yehgon ol A9HQ B4Ael7) Wole] 7
AAAE AN Ao ARET. F4HUT
ol A2l AT suol B r1Ee @
Toh wlel ¥ W AR ARIE dEReEA
A 5, 1995).

89 1 — — —

DBH (em)

Spring survey Fall survey

1sprout per stump

03 sprouts per stump
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Hno freatment

Height (n)

Spring survey Fall survey
@1 sprout per stump Q3 sprouts per stamp
OS5 sprouts per stump ®no treatment

Fig. 3. Comparison of spring and fall survey for
average DBH and height growth by
sprouts per stump control study
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2. EFS9| Biomass
A S oldelA fFH e 25%2] #olx]

ol tg 271, 71X, 49 ASFIH FHHFS

Table 49} 22w 7|#d2 A3 HFE A

HHEW Z7]E 34.8kg(9.8%), 7FA+= 19.7kg

(28.2%)°18, 42 15.3kg(22.0%)22 eI

o, ol2l3t A JEd Adlvdry Rl

ulo] Quj 2o i3 AFAze} wlssA UEhg

o(Eld 5, 1996).

Table 4. Calculated biomass of Quercus acutissima
sprouts after 5 years of forest fire

Total Stem Branch Leaf
(kg) (kg) (keg) (ke)
69.8 34.8 19.7 15.3

(100%) (49.8%)  (28.2%)  (22.0%)
100%

5 8%

g 80%

-1

£ o

2 o

0%

03 05 15 21 27 33 39 45 51 57 63 69 75
DBH (cm)

OStem ®Branch  B8Leaf

Fig. 4. Biomass distribution of individual sprouts
after 5 years of forest fire
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Fig. 5. Relationships between observed and pre-
dicted tree component biomass(kg) against
DBH for Quercus acutissima sprouts after
5 years of forest fire
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Table 5. Regression coefficients to predict the biomass by tree components

o Parameters R? RMSE

a c d
S B s=aD+ bD? 0.0914  0.1053 0.9824 0.2993
Bs=a+bDH? -0.0872  0.0982 1.5813  0.5986 0.9903 0.2319
P B = aD+ bD* -0.1668  0.1104 0.9651 0.2834
Bp=a+bD°H? -0.0173 0.0104 2.4458  0.7792 0.9677 0.2853
s B, =aD+ bD* 0.0236  0.0505 0.9729 0.1679
Bo=a+bDH? -0.0445  0.0382 1.6448  0.6224 0.9813 0.1459
Total B r=aD+ bD? -0.0518  0.2661 0.9825 0.6302
biomass Br=a+bD°H? -0.1210  0.1286 1.8386  0.6110 0.9872 0.5612

5. g 2utot
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2. wolx| 9] o] euj 2 FHASS HA £
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74 A% Aojgen], 33 uo] LojaFe
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= 39 dATT AFT AFY A2 FHA ¢
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AR2 &8Y + IS Aot

EINENE
o £ AN AAF A HehA 4
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WE A7AR 2.
ol ggs

1. =92 aterd. 2006.
3} ZAL. 76-93.
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Table 6. Estimated biomass of individual treatment sites

Dominant ten sprouts biomass(kg)

Treatment
Spring survey Fall survey
1 sprout per stump 7.9 79.6
3 sprouts per stump 29.0 64.6
5 sprouts per stump 21.6 51.7
no treatment 21.7 72.8
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Severity of Forest Fire According to
Forest Stand Characteristics and Vegetation Change According
to Treatment in Damaged Stand by Forest Fire'

Kwang Su Lee’, Mun Ho Jungz, Sang Won Bae®, Suk Kuwon Kim®
Young Soo Kim® and Kyung Jae Leé?

= Q¥ 540 me uw %49
3R YR Sz} fowl, 53 SUT GeH 447} 44 Atk W, 2 mhsa} e uw
FRoe] ZrARE A% Asisk AvlaT. BAAA] BE AAEES 24 A}, 24BN J

T2 gol MlAE AR YBE, 94, AA ¢ola>m 430 AAE B AR Ao} ol
Fyagen, srhgEst FAE, S w9 43 Asﬁi—% YA el e Ge el

AAD QBT 443 %ol 1A WPHAT T, AENE Fol, %S M2 1WA
7 e ARS BednT FHITE NG BURRS EAYS 2YAA} B Aoz 479
W, RS d BT Qe AN A9, 43 2ASL AR} dRB o] &AL Holet

ABSTRACT

We analysed stand characteristics of damaged area by forest fire and vegetation change
according to treatment after forest fire in the east coastal region in Gangwon-do and
Chungcheongnam-do. Most of Pinus spp. stands were heavily damaged, especially pure Pinus
densiflora stand was mostly damaged. But mixed stands of Quercus variablis and other Quercus
spp. were damaged lightly. Effect of environmental factors for severity of forest fire was the
greatest in degree of density, species, slope, respectively. In the stand where upperstory was
removed, sprout of Quercus mongolica was highly generated, and species diversity, richness,
eveness and relative important value were also high. In the stand where damaged trees in
upperstory were left, vegetation change was slower than the story were those were removed.
As a result, it would be better to conduct Quercus spp. mixed forest stnad than pure coniferous

! #5% 20074 108 208 Received on October 20, 2007.
P zyuneyd AAMA7|&$A T4 Forest Practice Research Center, Korea Forest Research Institute,
51, Chikdong-ri, Sohul-up, Pocheon-si, Gyonggi-do.
3 2221 98+9) Korea Forest Research Institute, Seoul 130-712, Korea.
- 56 i
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forest stand for reduction of damage by forest fire and promotion of vegetation recovery. Also,
it is necessary to remove upperstory of damaged forest stand by forest fire when restoration

practice would be conducted.

Key words : forest fire, stand characteristics, vegetation development.
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Table 1. Stand characteristics of damaged area by forest fire

" Tree .
. Site . Height DBH Volume
Species Damage Year number  Density ) Fort (m3 /ha)

index (No/ha)
light 6> 41 1400 high 7.6 17.0 96.1

PT

heavy 6 34 1800 high 9.8 13.9 105.9

PR heavy 8 29 1200 high 11.7 16.9 125.6
PD+PR heavy 6 22 1100 low 6.1 11.6 28.5
heavy 8 35 1250 midium 11.9 16.4 125.8

heavy 10 25 1000 midium 11.1 18.8 122.1

heavy 8 33 1600 high 11.1 15.9 141.5

PD midium 10 33 600 low 14.6 22.1 134.6
midium 8 36 800 midium 13.7 19.8 134.5

midium 10 39 450 low 17.3 21.7 114.9

midium 8 33 1800 high 11.5 13.3 114.9

QV+QS light 10 41 1000 high 12.2 15.6 69.4
QM+QS+QA  midium &> 24 2300 high 5.9 8.4 30.0
QV+QV light 8 30 1600 midium 6.2 9.4 20.9

midium 10 30 1400 midium 11.8 14.8 84.5

*PT : Pinus thunbergii, PR : Pinus rigida, PD : Pinus densiflova, QV : Quercus variabilis, QS :
Quercus serrata, QA - Quercus aliena
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Table 2. Analysis of relationship between factor of environmental factor and damage by forest fire

Parameter Estimate  Standard Error t-Value  Polt| Range
Constant Intercept 86.26 15.69 5.5 <.001
PD -14.9 11.97 -1.3 0.219 40.96
Species Quercus spp mixed ~27 17.41 -1.6 0.129
XD BL -40.9 15.13 -2.7 0.01
BL+NL 0 . : “
<100m 2.429 9.172 0.26 0.792 8.278
Ellevation 100-200m 8.279 10.32 0.8 0.427
(X2) 200-400m 4.043 10.21 0.4 0.694
400m< 0 0 0 0
East -2.79 10.6 -0.3 0.794 4.158
Aspect West -3.86 8.763 -0.4 0.662
(X3) South 0.301 8.888 0.03 0.973
North 0 0 0 0
Slope - 30 15.27 7.318 2.09 0.043 15.27
(x4) 30%> 0 0 0 0
Top 5.059 9.152 0.55 0.583 9.71
Topography Flat -1.09 11.91 -0.1 0.928
(x5) Bottom 8.659 8.905 0.97 0.336
Mountainside 0 0 0 0
Densit low 10.69 9.418 1.13 0.263 10.68
’(3;‘(2‘) o midium 7.434 10.1 0.74  0.466
high 0 0 0 0
Degree of 0.1-0.5 -56.2 14.14 -4 3E-04 51.5
density 0.6-0.9 1.5 8.076 0.19 0.854
X7 KK 0 0 0 0
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Table 3. Important factors of study site

a4 53 34 10. 2007 61

Nondamaged site
by forest fire

Damaged site by forest fire

Year upperstory upperstory
Before forest : upperstory and removed and remained and EERER tnd
: Thinned understory understory
fire understory understory :
removed P remained
remained removed
Sopiis 2004 162 177 16+3 23:8 21%5
N~ 2005 2148 183 1845 19+4 23+11
2006 2142 27+5 233 17+2 177
Seicies 2004 1.640.02 1.870.27 2.080.16 1.59+0.50 1.48+0.33
diversit 2005 1.57+0.31  1.61%0.19 1.97+0.16 1.5920.22 1.61£0.36
Y2006 1.830.22 1.950.18 2.07£0.11 1.32+0.09 1.40+0.70
2004 0.5740.02 0.66+0.06 0.17+0.04 0.52+0.08 0.480.09
Eveness 2005 0.54£0.10  0.58+0.05 0.73+0.14 0.580.09 0.58+0.05
2006 0.60+0.08 0.590.09 0.650.01 0.46+0.05 0.49+0.18
Relative 2004 0.43+0.02 0.340.06 0.2940.04 0.49+0.08 0.520.07
important 2005 0.46+0.10  0.42+0.05 0.27+0.14 0.420.09 0.42+0.05
value 2006 0.40+0.08 0.410.09 0.35%0.01 0.5440.05 0.51+0.18
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Table 4. Important Value of major tree species in study sites

Upperstory Upperstory

Before thinned and Upperstory and  Upperstory and removed and
Control understory understory

fm;est underst.ory removed remained under§t0ry

fire remain remained
2004 2006 2004 2006 2004 2006 2004 2006 2004 2006
QM 5.0 8.5 29.5 7.6 3.2 11.4 5.0 11.2 114 13.3 14.3
Qv 5.0 0.0 3.4 7.6 8.3 11.6  18.0 1.2 16.2 7.2 5.2
QS 5.0 7.0 3.1 10.5 16.1 4.6 4.7 6.8 18.1 0.0 249
PD 26.0 13.5 0.0 20.7 15.7 1.7 0.0 0.0 13.3 0.0 0.0
LC 0.0 3.4 6.8 3.9 2.8 12.1 6.8 0.0 3.0 8.4 9
FS 2.0 2.5 9.2 0.0 2.9 0.0 2.2 3.1 2.9 2.9 4.3
RM 4.0 1.7 6.8 2.5 1% 2.4 0.0 1.0 0.0 7.5 2.9
SO 3.0 b2 0.0 2:5 6.2 1.8 0.0 1.9 3.0 2.5 2.2
LM 1.8 1.7 0.0 5.1 2.9 4.8 5.0 4.7 0.0 0.0 0.0
LO 3.0 1.7 0.0 14 2.4 2.3 2.9 1.0 0.0 2.5 2.9
AP 2.0 0.0 1.5 0.0 0.0 1.8 3.1 4.7 1.5 0.0 2.2
RT 4.0 0.0 3.4 2.1 1.8 0.0 1.3 0.0 15 1.5 1.5
PM 0.0 17 34 0.0 0.0 0.0 1.3 21 1.5 0.0 0.0
RS 0.0 0.0 0.0 14 0.0 0.0 0.0 1.0 0.0 2.0 2.9
RC 0.0 0.0 0.0 14 1.2 1.4 0.0 0.0 0.0 1.4 0.0

QM : Quercus mongolica, QV : Quercus variabilis, QS * Quercus serrata, PD : Pinus densiflora, LC :
Lespedeza cyrtobotrya, FS ' Fraxinus sieboldiana, RM : Rhododendron mucronulatum, SO : Styrax
obassia, LM : Lespedeza maximowiczii, LO : Lindera obtusiloba, AP ' Acer pseudo-sieboldianum, R

T : Rhus trichocarpa, PM : Prunus maackii, RS :
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Rhododendron schlippenbachii, RC : Rhus chinensis
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Classification of Forest Types for
Timber Productive Forestlands Using GIS'
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ABSTRACT

Korea forest service designated 450 management units around the country in about 2.9 million
hectares as productive forestlands to increase the degree of self-sufficiency in domestic timber
and to enhance its quality in 2005. It is important to analyze spatial distribution of existing forest
types in order to manage the productive forestland areas efficiently. Each productive forestland
was classified into a representative forest type unit depending on the size of forest type
occupying the management unit using digital forest type map, and was analyzed topographical
characteristics by the digital topographical map.

As a result, a productive forestland unit was classified into one of the six different forest
types such as red pine (Pinus densiflora S. et Z.) unit, rigida pine (Pinus vigida Mill.) unit,
japanese larch (Larix leptolepis Gord.) unit, korean pine (Pinus koraiensis S. et Z.) unit, oak unit
and mixed forest unit. Natural forest units occupied the largest portion of 72%, including red pine
units of 29% (850 thousand hectares), oak units of 22% (650 thousand hectares) and mixed

20074F 118 68 Received on November 1, 2007.
Arel 2stl Korea Forest Research Institute, Seoul 130-712, Korea.
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forest units of 21% (620 thousand hectares). On the other hand, planted units were 28% where
japanese larch units, rigida pine units and korean pine units occupied 16%, 7% and 5%,
respectively. It was identified that the productive forestlands in national forests compared to
those in private forests were relatively in bad terrain conditions and situated in remote areas
when the average elevation were higher 260 meters and the slopes over 20 degree occupied 32% .

Key words : productive forestlands, forest types, GIS, digital forest type map.
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Estimation of Individual Tree Volumes for the
Chamaecyparis obtusa Plantations’*
Yeon Ok Seo’, Young Jin Lee*™ and Sang Moon Park’

2 %

2 479 F42 192078 Selvte} G = A

ZPAE WAL R sto] JA o A FP4E NEstnst A ‘a‘~‘?—7~1‘%}4 HEAQ HAY 2HPA
A & A HE ARG oH, o] AHelA 20709 RERS Adste] £ E AAEAT o] F o] &
7bsd 2370 A Bl @ £ AR o]t Awe V=0.00186+0.00003 D"F H'H2 o] A
AEAT. o] A& olgdte] kA LFA 9} FHAE AHEE FA F-AZ(RA=0¢ 71&71=D<
AN A3, FAHeE fode UeiA E3eH(p=0.6414). w2 AFelA AL 7FZH;“
FRN L FFA 289 W] )15 FAAE 2A9 FF 2o 712A A8E AT =

Z gddd,

ABSTRACT

This study was carried out to develop stem volume equations for Chamaecyparis obtusa
trees which were widely planted from 1920s throughout the southern regions in south Korea.
The 29 trees for stem analysis were selected in one sites in the southen and 23 available
trees data were used for developing stem volume equation. The best equation in estimating
Chamaecyparis obtusa stem volume was suggested as V=0.0018640.00003 D22 1228
The simultaneous F-test for this equation revealed that the estimated individual stem volume
was not significantly different(p=0.6414) from the observed stem volume for model evaluation.
Therefore, this individual stem volume prediction equation could provide basic information for
the construction of regional yield table and forest management.

Key words - Chamaecyparis obtusa, simultaneous F-test, stem volume prediction model.
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R AZE N5EE RSUAALE FEATZAANPY R FFFEAEFADY ALE Lol AFHAS(KRF-
2005-003-F00013).
* A& A2 E-mail : leeyj@kongju.ac.kr
- 71 -



72 HA% - ol9R e

"ol A
M B

Hule 7to] BA3ta AFo] £
o] wet &A=l 7HX 7} wl¢
gyt 19208 o] 2R 2REH = A
37) AlFste] GRANe] ARAFFLR A
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g, AR 28T BAR IR T,
1982)ll that A7t frE ol st Gz oz
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£ 4ol
Iz AR R td Be A7} 9
Aoz ANHNLH, ZEE Yozt Pl
2 PUIIE - AL, 1985, duAez
: SYUSE e 285 AA

FEste] o8 7122 AAEE A St )
(HEF, 1964, HIE - o] &, 1986; oI,
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FEA gl vy dRes zdd @ 2Yx|
& AT At £t FuAP S 59
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Ha
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vt @A g gEAd =
Sl By A RS ZAMIRA = }%P_Di v 5
A YFo] SFotn] A FA o] AA} A H &
ZAA 2 AF S AT B AFeA e ARA
Ad@A A #elstn e THE U dE
Al fl 2FXEE F Aepdr FAT AAH
(573 126° 43407, B9 35° 21'30"~35° 21'40")
A 98l fAstn gl dARE AH A
ok, AL A Fol A G T2 2 ASAH
7} HlmAd FL3 10m>x10mz z+2 6708 = 18
Nae EFEAE AFsA, TFEA Ul RE F
o] st | E2AE A st 2 FFEA] O o
A EFE 184S Aug & daste] £314
e AAAT. ZAR N A& 712 A%
& Table 13} v},

Table 1. Summary of observed statistics for
Chamaecyparis obtusa plantations

No. of Age DBH Height
observation (years) (cm) (m)
30 15.5 112
= §-5 0.3-31.4 1.3-19.4

2. BMuy

A= HAA 3 doA 337 He
st Ao Axvl & A5 AR T F
D3R F39 2AFA S 0|83t BY S 3
aith. 2352 589 ¥ 54 (combined-
variable function)® 22 23 2](logarithmic
functlon) 223 Honerd] & 7|18 23 oa
, Aol gl AR gle Aoz E7/3Y
%??'5}%12_“1, o E RYPEL TE A
BiomassE F43l=dl g2 A5 o] &1, A F
= Bo] H&=3 ckAvery and Burkhart,
1994; ol 3}, 1995 Az4, 1998; %% - FY
#, 2000). ©1737 o] JE A 34 2y
l’\‘%_ 929 V=AD, H)& 712 4oz &

o, olelel 71 RRYES A asje] FAH A5

e =

& 389
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(1) V=a+ bD*H,
(2) V=aD®H",
(3) V=D%/(a+b/H).

Where : V=tree volume(m®), D=tree dbh(cm),
H=tree height(m),
a,b,c=coefficients to be estimated

from sample data

23 (DAL 1A F4004 & 422 5§
# W4 3<2)(combined-variable function)°]
o, 238 (2)& 21 23 2](logarithmic function)
olgtx & 47} Aok, =& (3)2]-2 Honer4l o]},

3. FHEEES A HEM HHY
FARFEY FAAL A AAHAME,
9 2}A) F2(root mean square error), HTZ A}
(residual mean difference), % 722} absolute
residual mean difference) S AH&3tTH. 28]
°l-‘é— Z}zke] 71EX o] 8l 9 (rank) S F 3]
o H=Aol A sug #92 A4 9 HCao,
1993). AA, AFAFE AHEH Bgo] PFHOo
2 gt B34 X}E%— A3t A= EAS
Yelll= JZolA| 5, AMEH 23] BT £
WA Fof et e, EI HAF R
oA o] AR A et fi A 2oae} A
gg HolFE Zlo] o ER o9} 2L g E 7
F4 24 A& AXe Zo| g2 Aok}, &
A, LA FZE AAAe] HF HYE FAHe=E
A7} o]z Aol AXEE ZE=7tE A ee
A T AlA, R¥e] HE™AE 2F
o] A= ehl & 3 F*}H(mean difference)
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otk o] A 2tAAe] B2} wHol o
dof 238 FHALY oS YFY Aoz v
Yol WE 2354 Wrhhe FAT 5, 24
Fo| YFH o2 Biel Fgtol dal HAA Fe

Hog
H & Frs Jé 7Vehe
Faaks A A58 AR 2% ko] HaE
dethFo] I T Pao HE Yehle §
Aoz, Ao A&} 429 x}o hak
AdE Asted A7} 0o 7MHEFE B
2 = (precision) & UYehllE Hx9| shjolt}, ot
AR, HA 2y H2x9 FHXNE AT T
Al F-A3"AA=09 71&71=1)< A5l &
AR o< A3 st th(Neter 5, 1985). ©]19)
Az gD AFA4 HAHY S AN ST

Zoltt, A, dd

Zda o oz

1. 24X F Ao @y

2HDAMRE =2FH(V)E SASe REG
procedure®} NLIN procedureZ o] &3l 24
& FRsA9HTable 2). 39 7t 259 &
FE EAAoZ oj$ feoAoz L}E}‘;&C}
(#€0.001). Table 20\1*% 5 2¥59 vy
F4% 235 Ut o, ZAAF %k"]
B5 99%°1%d & 43S Yehlz .

2.3 2¥S0 MHY AW

2 Avol 344 5Yse) A4 25 ¥
Yoz, oA F2(RMSE), 323 MD), 4
BT HAHAMD)E HA s, otglel Table
3t 44 mYse] AN AYY AR U

Table 2. Estimated Parameters for the stem volume prediction models

Estimated parameters

Models " : . % R?
1 : V=a+bD’H -0.00106 0.00004 0.9925
1 : V=aD’H 0.00004 0.9957
M : V=a+bDH’ 0.00186 0.00003 1.9232 1.2228 0.9930
NV : V=aD"H* 0.00003  1.9184 1.1918 0.9929
V : V=D%(a+b/H) -153.7 27456 0.9927

Where : R2=1-3Xy — )"/ Xy — ),

other variables are defined as before
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Table 3. Fit statistics for model evaluation of the stem volume prediction

——— Fit Statistics Total
RMSE MD AMD Rank
1: V=a+bD'H 0.01176 -0.00000 0.00780 5
I : V=aD’H 0.01174 0.00060 0.00753 4
M: V=a+bDH 0.01144 -0.00000 0.00720 1
NV : V=aD'H" 0.01144 -0.00059 0.00738 2
V : V=D (a+b/H) 0.01153 -0.00053 0.00734 3
Where : RMSE= W Mp= 32, AMD- g%
e Aolt}, ztzte] AFA HA Y 71EA e o]  EBE o] mue ¢ AFPF Aoz wodrt
& £9@ank)E Fosted HFAHA APE &9 (Fig. D).
£ A3 HCao, 1993). upeba], B ApeA AAE HAH FHAL

o
b e

Ao A7t M 23 2] o] &3
AR A9} FHXE vlwdlr] Hste] G
AFAENE 5 HZar, 1996). A=x]9} =4
29 HEL t2F 22 Predicted Volume=
bo+b1*Observed Volume 24 A8 23 o] #7
£ 70}, whek A A 3 2] o] A Bt F3 =
A, FH(by)e 0225 SAHR tf2x
Ze FA9 71e7(b)E 13 AR = th2X
@, =, Hy: B, 8)=0, 1), H.: (B, B)*
0, DY 7M< H7s7] Yd8lM B4 F-23
(simultaneous F-test)& A}-&3ltH(Neter 5,
1985). 1 A3}, F3E AT A=X9 A
Ao 7H 5% frolFEal (p=0.6414, F-
statistics=0.4448) 5A R o2 Rl 7} o

08
Pred Vil =0.00081099-+0.99299 * Cts. Vil
AdustedRsqared=0.993 ;
17 e Y. (A
E P
I
>
v
B S e
=
&
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2
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— Regression Lis
00
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Fig. 1. Comparison between observed and pre-
dicted individual tree volumes
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