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Development of Allometry and Individual Basal Area Growth Model
for Major Species in Korea

Jung-Kee Choi
College of Forest & Environmental Sciences, Kangwon National University, Chuncheon-si 200-701, Korea

ABSTRACT : Allometry and basal area equations were developed with various tree measurement variables for the major species;
Quercus variabilis, Quercus mongolica, Pinus koraiensis and Larix leptolepis in Korea. For allometry models, the relationships
between total height-DBH, crown width-DBH, height to the widest portion of the crown-total height, and height to base of
crown-total height were investigated. Multiple regression methods were used to relate annual basal area growth to tree variables
of initial size (DBH, total height, and crown width), relative size (relative diameter and relative height) as well as competition
measures (competition index, crown class, and live crown ratio).
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Shin et al., 2002).
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Fig. 1. The spatial distribution of permanent plots and plot diagram in Gangchon model forest.
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Table 1. Tree variables calculated using tree measurements. il 149 JE2AAE Edlo] 2A|E SHHSE
EXE\REL Y & ¥
Abbreviation  Unit Definition o == s able 13} .
ADBH cm/yr Annual diameter increment
ABA cm’/yr Annual basal area increment 4. Allometry 2! 7Hx||= ool JieF 2 oy
DBH cm  Diameter at breast height
Ht m  Total height . _
L 7tz = ZQ F 2 2
Hw m  Height to the widest crown width & Arelrle A= Hol F8 e B, Al
Hb m  Clear length z Bt Ygdol tiste] A74-Fal, ol
fea o Total crown area g He MO 4, AsiL, SuEe| BAZ s
ber Live crown ratio SelH Ut TesF BANS ol8ste] F g
RD Relative diameter . N -
RH Relative height allometric &2 7WIstGict. AAS YFREL =3t
a DD, AU, Aok deld] stel 9844 9
AGE Tree age A HeE S of thE3]Hof ot o w
D 5 Dominant tree Tty YA RS Stk 24 1 EYHAES
b 4 Co-dominant tree AARA(In) EE A4 o] gsio] MeREe A
1 3 Intermediate tree o s ) _
S 2 Suppressed tree o A A2 2 7 allometric XA Fal
S APRAE] AHARR), EELAKS,), WA=
L7 BEANR AT §u7 U S0 oy Qe o S OF8H] Bk,
AT} 29A5Y B FuAZ 2 B Hg o
&F o] A AR -AHFEGHATCA)S 48417 gt ¥ o3
& ol gsto] YA 45 ol gsto] AllsklaL, ]
E(LCR)Z F=aLof| gt s (crown length)9] &= 1 ME 2
(FFa-Asta)/Feas AEsilon, BAASC)E
FHET ARG ol 8 FAAe] it AYEY AH  E dpREd mERREAge Agugel el
A5 ARSIt S A4S B aEAlel 4 ARAQ d5EA4S duEd, A9 B Adurrt 3
FAE) SugET LAY 2 2TE JRoR A4S 2GAOR 2048940 BES Bojn, BHUTL 3
Table 2. The attributes of 4 major species.
DBH HT HW HB CL CwW
Species Statistics AGE
P m)  (m (m) (m) (m) (m)
Min 18 6.8 4.3 3.8 3.4 0.5 2.0
Quercus variabilis Max 50 28.4 18.5 14.3 12.1 10.5 8.0
(n=143) Mean 33 15.5 11.7 9.2 7.0 4.8 4.7
CV(%) 24 29.7 25.6 28.3 24.3 45.8 25.5
Min 20 6.7 5.6 4.0 2.3 0.8 2.5
Quercus mongolica Max 48 30.2 18.0 14.8 12.0 11.3 7.2
(n=137) Mean 32 154 11.6 8.9 6.8 4.8 4.4
CV(%) 25 26.6 22.4 24.7 23.5 41.7 25.0
Min 22 7.0 4.5 3.5 3.0 1.0 1.0
Pinus koraiensis Max 49 28.5 18.2 16.2 13.5 12.3 7.7
(n=180) Mean 32 159 12.3 9.0 6.8 5.5 4.4
CV(%) 19 25.8 23.6 28.9 32.4 40.0 31.8
Min 32 12.3 10.0 6.2 5.6 2.0 2.7
Larix leptolepis Max 48 342 27.4 24.5 17.5 17.4 7.7
(n=82) Mean 39 21.0 17.4 14.0 10.0 7.4 5.1
CV(%) 10 25.7 25.3 29.3 17.7 39.2 21.6

- 49 -



50 - Journal of Forest Science

T BAAOR 18-50d49] HER F $F WE b3
APEEE 2= Ao Uepgey FuA732 A4t
Wit 15.4 cmo] il XAHE7} 6.7-30.2 cmo|n, IR
L 9@ 155 cm, AW Y7} 6.8-28.4 cmE TotE|o] T
FEY AR Aol7k A9 gle ALm YETh 4

A(HT), $920] 71 ¥ o] SaHw), Ashi
(HB), +H#+H(CW) EZF 7 5 B5F vl 37|18 280
e Al Ueton, SIHCL) A9 F % BF
ThE WERT} Bo|7p 2 Aow L}E}wu}(Tame 2).

Aol dghel F9E AnEE, ST BF 32
HA(22-49d o2 FHt FiLR Aol 159 cmZ 7.0-28.5
eme] WHE 0l SRS B YA
2 ot F1270] 21.0 emZ 12.3-34.2 cm
olaL glof Fhprrl YPEHY W2 AFREE A=
2 Uehdth 7er 242040 QlolA] o] bt
2 08 vehon], £ 5% wE Saige] 49 wolzt
7P AR AL R YERITH(Table 2).

k= =]
2. Mzt ETRizzie] MEE 24
1.1
1.0F .
T 09F o .
<' | o .|
E 08 0, Ogcp °
< 07F ° 8% s
s %%&;‘@oo °
g 0.6 o of 8o 4
<] @ oo o
o 0.5 0o B, 0 9 -
B o4l o TeBBon0° | © |
® 0%
E 0.3 Ooo 8% oooéfo [} |
o 0.2 000%°o§ o -
01} os o :
0.0 I I I
0 10 20 30 40

DBH (cm)

<Quercus variabilis>

1.1

1.0F .

—~ 09 o ° -

5 > © o .

= 087 o o -

£ ®° o

< o7 5% o .

sl cEhr

S 06l b 2 .

<] o, °

3 o BEFL o

5 05 g 0oo .

S g4l ° é&};o@ S%° B

3 0 %, 2

2 3 e 3

8 03 o o, B

8 g2 0o .
0.1 -

0.0 | | |
0
DBH (cm)
<Pinus koraiensis>

SR AT 500 TR FIAAT 4
B RS BAS A3 AU BE S5
ol Aol F7hgel wek A PBFE ol JTIA
% 0.30:045) 2 AOR UebdtiFig. 2). 47 5% %
AR} 1 ATre] FE AOR Uehom=045),
AL GE 0 Ae] 28 0@ ekt U
G40 A9 AR FRA7 25 cmol ol Tha 7
asahe o] ghort, BAY AR ARZ 23 o 4
313 @Aslolt ofegol itk AE P& muel
F045FE B 1030 emd] FuAAFOR B A
YHoz PANHS Sk ok R0 ARE
AEREYO) £59 Al A4 welk 2

7} 0.12-0.88 em(0.45 cm), A1ZU57} 0.10-0.70 cm(0.41
cm), AUE7E 0.21-0.95 em(0.50 cm) 12]11 HgH40]
0.38-1.10 cm(0.64 cm) 2l Ao = YelhY, 47] 5 H|n
B 1 FEERIT-BAAG £OR HRA] B

2 Aoeg Yyt
200899 Y= A 2E F0I3t A7), 4=

As=F =7 Ak

Aeko. A2 7] 0.08-0.97 ¢cm(0.35 cm),

1.16 cm(0.32 cm),

Diameter growth (cm/yr)

Diameter growth (cm/yr)

1.1
1.0
0.9
0.8
0.7
0.6
0.5
04
0.3
0.2

0.1~
0.0
0

1.1
1.0
0.9
0.8
0.7
0.6
0.5
04
0.3
0.2
0.1

0.0
0

10 20 30
DBH (cm)

<Quercus mongolica>

10 20 30
DBH (cm)

<Larix leptolepis>

Fig. 2. Scatter plots between diameter growth and DBH for 4 major species.
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Fig. 3. Correlation coefficients between diameter growth and 13 measured variables in Quercus variabilis and Quercus mongolica.

1.0

0.8
06
0.4
0.2
0.0

L CC DBH HT HW HB CL

Correlation coefficien

CW LCR TCA RD RH AGE

-0.2

_04 -

-0.6 |

08 I O Pinus koraiensis
. @ Larix leptolepis

-1.0

Fig. 4. Correlation coefficients between diameter growth and 13 measured variables in Pinus koraiensis and Larix leptolopis.

- 51 -



52 - Journal of Forest Science
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Table 3. Allometric equations for 4 major species.

Ao A, FEAet IAE=E HAstoe] 244
% tH(Table 3).

AzRe] FH 75400 WA} o
TARIOR o5 F 55 sto] powerd]E 24 5H3&

70 §k2221.2 InHt=0.340+0.774 InDBH (n=915, R’=0.829,

Syx=0.111) 0. & 5E|o] HAZHsdol 2§ 2 4= ek
I Qo= FaAAH-& J_A allometric 2492 F1127
of W I A AEd o 82 4 e, 3
B AlEdoldS fIet =% Hxﬂ FHE YFHAE o] &

2 4 SH(Yoo, 2004).

T AR +UE9 allometric FANA= 4 +F
B A9 Aol gle Ao Uehyth A= 24S §
sto] FALAF T peEEY] T3l AHE 2AISE ARt ol
g HRe} o], w9 e AAASE 2L 3ol o]
allometric A= SR 7A-Z4=110] H]3) A7} o>
ojx= Ao = Ueth 2 A9 =23 9 Ao
allometric $H=4], AA|¢ F2oA52 7|29 A+
Aot fARE Aol Qe Aoz YeERthChoi et al,
2007b).

Species Equations R’ Syx

0 abili InHt = 0.332 + 0.777 InDBH 0.844 0.107
“m(”i :;’;)’” e Hw = 0.040 + 0.767 Ht 0.866 0.907
" Hb = 2.390 + 0.390 Ht 0.682 1.049

CW = 3.708 + 0.054 DBH 0.058 1.258

InH = 0.349 + 0.770 InDBH 0.812 0.115

Quercus mongolica Hw = -0.048 + 0.775 Ht 0.829 1.012
(n=437) Hb = 2.170 + 0.412 Ht 0.468 1.261

CW = 3.794 + 0.046 DBH 0.045 1.011

InH = 0.264 + 0.804 InDBH 0.768 0.128

Pinus koraiensis Hw = -0.218 + 0.777 Ht 0.758 1.288
(n=589) Hb = 1.200 + 0.477 Ht 0.479 1.461

CW = 3.235 + 0.078 DBH 0.083 1.083

InH = 3.515 - 13.711 DBH" 0.539 0.191

Larix leptolepis Hw = -1.045 + 0.861 Ht 0.868 1.579
(n=327) Hb = 0.068 + 0.611 Ht 0.663 2.044

CW = 3.578 + 0.067 DBH 0.108 1.118
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Table 4. Basal area growth equations with DBH variable only for 4 major species.

Species Form Equation R’ Syx

0 il Vi InABA = -0.734 + 1.128 InDBH 0.487 0.359
”erc(“i IVZ)"‘ s V2 InABA = 3.380 - 15.121 DBH-1 0.507 0.352
" V3 InABA = -0.153 - 0.253 DBH - 0.006 DBH2 0.517 0.350

0 ; M1 InABA = -1.116 + 1.268 InDBH 0.510 0.337
“ercé’sz’;’;ggo red M2 InABA = 3.543 - 17.692 DBH-1 0.539 0.327
" M3 InABA = -0.400 - 0.271 DBH - 0.006 DBH2 0.543 0.327
Pinns koraionsis Kl InABA = 0.150 + 0.936 InDBH 0415 0.306
’ 1 80’) o K2 InABA = 3.543 - 12.324 DBH-1 0.402 0.309
K3 InABA = 1.179 - 0.134 DBH - 0.002 DBH2 0.414 0307

Larix. levfoleni L1 InABA = -1.407 + 1.347 InDBH 0.605 0.279
“”’; - 2‘; e L2 In/ABA = 4.038 - 27.310 DBH-1 0.632 0.269

" L3 InABA = -0.451 + 0.234 DBH - 0.004 DBH2 0.637 0.269

Table 5. Basal area growth equations with various variables for 4 major species.

Species Form Equation R’ Syx
Quercus variabilis V4 InABA = -0.415 + 0.737 InDBH + 0.185 CC 0.538 0.342
(n=143) V5 InABA = 0.455 + 0.784 InDBH - 0.027 CI 0.503 0.355
Quercus mongolica M4 InABA = 0.862 + 0.614 InHT + 0.748 InRD 0.480 0.349
(n=137) M5 InABA = 0.312 + 0.934 InHT - 0.029 CI 0.443 0.361
Pinus koraiensis K4 InABA = 0.238 + 0.778 InDBH + 0.084 CC 0.434 0.302
(n=180) K5 InABA = 1.428 + 0.528 InHT + 0.546 InRD 0.395 0312
L”ri’c(nlj’;;jlep o L4 InABA = 1.130 + 0.564 InHT + 0.985 InRD 0.610 0.279
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