mEPArEE 9006) : 725 - 733. 2001
Jour. Korean For. Soc. 90(6) : 725 - 733. 2001

REM ALUT #HQ B £BDE
HER . FREEY - R - IR

Dynamic Growth Model for
Pinus densiflora Stands in Anmyun-Island’
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ABSTRACT

In this study, the relationship between growth factors for Pinus densiflora stands in Anmyun-Island was
analyzed and dynamic growth model was prepared. A total of 96 sample plots was investigated in which
dbh and height of individual trees were measured. From these plot data, quadratic mean dbh, mean height,
dominant tree height, stem number per ha, basal area per ha and volume per ha were estimated. Several
regression equations between growth factors were derived using NLIN and REG procedure of SAS. And
dynamic growth model, in which the equations were interactively linked, was prepared for the prediction
of stand growth and yield under different management regime.

The predictions of dynamic growth model were found to be coincided with general growth principles.
The dynamic growth model was considered as adequate for predicting growth and vield of Pinus densiflora
stand in Anmyun-Island. In practice, the dynamic growth model can be applied for predicting the growth
and development of stand for various forest treatments and for decision-making in forest management.

Key words : dynamic growth model, stand growth and yield, forest treatments, decision-making in Jorest
management
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dREE FAEE GbTY Addd #A3
asled, PAo] W 25 avhyH 2A4A
Holch, e} A dHE A dE FEE

avhpsh RS Ao AT sl 4%
oo}, B8] ojmBEF HFZolE FIIT

ZTAYE 59 dggrl $AE Rolx gl AF
Al 55314 glole ol A vl
i ZuE f9ge] e AoE meldigd,
1994; wi# 5o} TAA, 1996 34 AFH,
1997). walAd, 3 P £ FEYS BF -
$487] M= AF5HA Hele} A A
A%l wgle] gFHl,

At el gAY el A&y A4 ¥ 48
29 (growth and yield model)e] o] &= ~7] ==
olch, U AU ¥ A 2 wEgE 4
Ay el whe} clefslA diEg 5 glejol I,
AR AR Adubyoe] thefatA sHE¢E
Al A QA E o] 444 iy B £ 9t
waba, chakdt Al AIZe] ¢y 9 Age)
7VssHAl 3h7] el e ohekdt Al b E 4
o] Az 2 W3 E A2 5 e T4 dFAH
2 d(dynamic stand growth model)e] o] 4
s e},

B dPade s vty gAY A
o)l wi-Z o 8o At 4 g vhekaA
5% F e 54 JEYARdS TP
A ogdx Avi5de #geA e =& F2
2} g},
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1. S5 CHAIX

lEw E74 1260 277 ~126° 107, &4 36°
2% ~36" 37" Alol9] FAGE EHIjMIE A dwde|
945‘]3}1 glen, F8o Zeolr} % 33km, FAl
o] Z2 6kmelx A AAY yeole 11,346hasl
%"&U}(‘d“’ig 1990). st =+ Aefe] o] FAMS
@ 109m)& A9 stae H3E-E st 60m 9t
9 F3A AR d3E o]FA glor 4H-e]
o] & of3F Aelolt}. 4tRle] AR|Fz WAL
ehix & w9 oF 47%4<l 5,300ha A = 23}
o 2 45" (Pinus densiflora)e] ©f3£-&
A gz g AdsFedd T4, 2000). =

@, GdEe AW F =4Fe]l A Bry
OL.7%)% AAsz gom, AYe] s St}
oF AYAG Aol v FAY 2A& A A
§og Wbty gig.

2. giFAR

= =§Y F A2YUFd o 3,264has o
2o 2 9639 AL AANA dEZRALE A
A, AW AR A AAReA skt
A FEA EExIeE stgon, TEAL 4
Ae dAE el 124 EEIEE g},
x3, 939 AR FEHHAM EHFAA o
FatA EExI=E v, FEH =AML
w3 7] 2] ¥ (modified distance method, °]$-<,
1996a)S AH-&slhrct. EEAHAXME ZE AYUF
Y& st FaAA, F2 ¥ FEE 2F
stHct, sE7tdE AARIthe 7B stell b
WdEE AASe 18 PAJLAE A S5 3
HAA ARE ol 43t

221 7 2549 dEAEY E4E Y3l
354 ARE FIASL5(cI$F 5, 1998)< o1
sl WA d¥e FFds, dFaAA, HF
3, $AE 2, had 24, had @94, ha
2 A" 5-& 4bEsgci(Table 1).

Table 1. General description of stand data mea-
sured in 96 plots.

Variables Mean Min, Max. SD C.V,
age(year) 438 1 95 25.0 0.57
dbh(cm) 19.2 28 3.2 9.30.49
mean height(m) 128 35 235 4.4034
dominant height(m) 13.7 3.9 24.6 450.33
No. of stem per ha(N/ha) 2,120 175 7999 1.843 0.87

basal area per ha(m'/ha)  37.7 3.65 162.44 23.20.62
site index 9.2 3.66 14.78 1.80.19
volume per ha(m’'/ha) 245.010.201230.98 179.5 0.73

SD : Standard deviation, C.V. : Coefficient of variation
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2) AdEF 9 2=

A A F el AR A9 F 2AS &
9 vl & AYREE veble AS(A DR
AR st (Lee, 1993; 1994; Lee 5, 1993; ©I
£, 1995 1996b). A4 FH2ZE vl o
A YEL AAsE e IeeR &
don, ZFEE dgstA H42 & A=F &
Ak,

3) A=) ofE s} 4
(1) Mg & ARAE] 2
7}, BaF2AAY W3}
A F9 AL oh&AE ol & A A
AR o zxe Z2Hs1eivhee, 1993, 1994; ol
&+, 1995; 1996b).

dgv=eB'A'dgg(/1=—%_Z,,5= BO'ABI) ®
dgv = A ¥ AA, dgg = A A JF

Na = A4 &4, Ne = Ad A 24
B = AgASF, A= 9%
A = AgFA=AL 0< i<

o714 A A Bl i WAFAIE) &
£2) ug¢ Jdehlle AYRAEAS Ae A7
=5 A & Ao2A, o] el F4F A4
7ZAxr} Zstam A F HA4 e W3 E ad. 8
' AYEF 2 dF A et 1i4% &
< 7R E AgAedE, & dFdME ol
349 F52 Jehgekel 7 %, 2000).

. gaezy Wt
7 o] sty FuAe Wi 2
y o g Ayt
I Na
hgv=c¢e bt (Tg) - hgg @
hgy = A 9 32, hge = A A +1
Na = A ¥ HAE 25, Ng = A A9 &+
= 93

t}, hagd £59 W3

A F A2EY hat ER( M) AdZ=EA
& A& o443l A4 A had E5(Ng=H
g & 4 gl

Na=A- Ng, No=Ng—A-Ng=Ng(1-2) (3

(2) Algdoll pe Aital £

7t AgEe HEFaA7

A E(EA )2 had FEA(Ga)E AY A4
ha® 99 (Ge# A9 F9 hazd H+HH (G
ale)l 2 T 4 3o},

Ga= Gg— Gv “@

ols} o] A2 had Do) AR,
Q22 A7 (dea)s AQE FAAF YT #

$23H 24T 4 Yo

G ®

dga=

Y. AR e

A 5o had A-(Va)e A A2 had A
(Ve Ad F9 had AA(V)3e] Aoz
28 5 9thA 6). AdE2] had A (Va)st
g g9 F2A4(dga)e FHAY 24 A
AAA Dol Al E A F Fa(hga)E F
A 4 A 8).

Va= Vg— Vv ®)
Va= e®dga’hga (Z3A 2% AH4) ()
1
_ Va 4
hga= o7 dea® Na @®

1) AQFEo) A e Jean +4

(1) hagt 24 pis}

Awbden g FrldAe BR(N,)E &
A PEEA(NY A E(TAE : 8)d
EER-EECS

Ny =N(1-9, 6§ :2AH& 06 1 9

FAMES AR A7l S df
o Aol JEESE Fakd YREF(N )7 )
Hd JEES(Nmax )& 2AsE 2 234%
w2 pAH Nmor j41)7F ARG 7HA s A
o]tH(Gadow<} Hui, 1993; Lee, 1993; 1994; °]
-7, 1995; 1996b).

Nmor,»H=N,«+1—Nmax, N,»H)Nmax (10)
Nmor ;+1=0, N;1<Nmax (11
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(2) MT =10l Cist HUSET 54

Reineke(1993)+ 939 ha% £45(N)E dbhz
HE FHsle had BF2A(N=c- dbh’)& M2
e}, B dFde HHWJELTE Reineke
9] oJ 3w x]<4(Stand Density Index : SDI)E
4% FAE (ko) A BRI HE
FA skt

N=a- ho? 12)

o) A $42 S3(ho)t 0m o 4%
48 $A% 230 Y JELYEAS(SDN)Z

A shleh,
SDI=a-10° (13)

e F oAA] 12, A 13)% deAEgE
(algebraic difference form)2 W3t o}&3
7o) SDIE Avuli4Z 3t: haw E4AL 4
2% 5= 9o,

N=spr- ()’ (14)

ZA1 7+ 9] had £5F A Eel plotting
sla, Al 149 ez o] FAF F o] 2
=7} plotting¥! hawd ¥5¢] & &g A= E
SDIZS s ¥ Hdes J4HL A &
4 gleh,

Nmax= SDImax - (l—hg) ? (15)

SDImax= A% o we} chekgt s
ehilel SDImax& 459 13 §52 22 e
Wi},

SDImax=a,+ay - ho (16)

(3) BEORAME

FrAAL 98 2 AYA 5 o)Yalx g
o) o3& =A 93-L uko m 2 (Kramer, 1988),
2 dFedAe 7y Ao AA(dgg)d A=A,
AYAS(SH 2382 7hd A Be(NgRAEE
=3lgck(Lee, 1993; 1994; 1%, 1995; 1996b).

deg=a SI"e® ™ a”n

A F7) 3o BEFLAA(degi ) A 17
& 52}2-3 el (algebraic difference form)& ¥
ZH(von Gadow, 1992)A1# A <4 (A), A
A(deg ), £4(N) 2 A{AS(SI) 2=l o
+ F710A8 dH(A L), B (Ny), 2 A
AA( S )EHE 348 5 et

2 BiNgin™ (A~ AH)’
SIi+lﬂze¢9| & i+r1 1

dgg i1 =deg; o1 g P T (A AR (18

o714 AHe £ N2 A4 929 F3
AgddE #7019 A8 At A7 degie #
Yoz HYolEAFE FAHAARA i3
o] AAr=ItH(Lee, 1993; von Gadow, 1987).

1
b4

dgg ;
ay SI,‘(Iz
.311\71)1"?2

AH=A,_ (19

(4) =M%

7b. SAEST A

2 A= Chapman—Richards ¢ 323
A g o] &3t $AE £(ho)E dHA)Y F
F2 FH39),

ho=a - (1—e® Y7 (20)

o] A& UEAAEYHgE HAd ] F7]d
A9 3 ho )T BAG YH(A)Y, FAF 5
(ko) 282 FEF7AY d38(A L )=
He Ao,

1—efAiy7
ho i 1=ho- (+Al) 21
1—-e

v, gdax A%
drY HFseae(hgor AL £32(ho)d
APpAA ez R FAst4c,

hgg=48" ho (22

5) JEAA A
dE9] hatd A& AES FFAH (W had
E4E F3lo 3G er, 5 FFAAHL
= AvtFo ZFFAIA(A 23)& o] 83t 4b
Eslg i sn A nddF4, 2000).
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%, AL o143t W FuAART +u
23E $709 HYRIRTNE 23T F,
Smalian¢ °| 43 10cm A8 FePaHe
2 A% FFARE AEeA,

EEE

g5l

_ b, (1__h
d= b,dbh (1 H)
d: AdEelAAe WA, h: 5730 Fol,

H:$3
Ay 3 n@

1. 8f==49] Hs2H

A 1), @, 47, (0L SASe NLIN
Procedure® o]43le] A+E FAsIgm, 4
(12)& o}dol A 2TE st Yoz Y
¥ ¥ SAS®] REG Procedure® ©]&-3te] 243}
deon A (16), (22)+ SAS? REG Procedure
£ o] 838 FA3%cH(Table 2).

729

248 7 A8 ASEo] TF 0.00018) F214
A4 fe4E deigen, BEAsese
(VIBB)® %= 3 2ARAY. =3 A9
A= g Jelhie Fl(Fitted Index)dts o #&
A vhehyeh,

2
ELS
fuae X
T

2. PHIF 2 M3 ¥ XX

A x| ol wE g FAEF FaFAAL 4
QD& ¥l s dFAEdAE HEste
oA A2 ANALE FRFAE FEsAC).

71y A=A auFdde 71899
50094 R FAA2(Lee, 1993),
A9E 14, 16, 18, 20, 22, 24, 2622 F#54
o, RS auF dEe e ¥ 5048 2
Aol 37t 1lmoAlA 23me] HAZ vehte
Aoz & o =g AHASF Fo| FHdEe
Hlsto] wol A x4 F& ¥ A A HAYE
ool e Aoz A=, ol F st
o A% 504¢ VIELE AR & 10914

AR Az AR el BE $HE ST

Table 2. Estimated coefficients of each function for the dynamic growth model.

Parameter Equation Coefficient MZSE SAS Procedure
No. (R
Quadrati dbh fo = zanl 1.039741
adratic mean _ .
after thinning (dgs) ! Ay = —0.41357 (0.990723) NLIN
Bas = —0.12431
M height Bo = 50.65949 0464440
ean heig - _ .
after thinning (hgv) 2 b1 1.15361 (0.989469) NLIN
B2 = —0.54935
Number of stem (N) 12 a = 11.28564 0.393341 REG
(InN = Ine+ 8 - Inho) 8 = —1.76854 (0.739012)
Maximum Stand Density 16 a1 =132534.42 188.9822 REG
Index(SDImax) a2 = —191.08 (0.960324)
a1 =185.15121
Quadrati dbh «2 = 0.37026 1.931361
adratic mean - .
before thinning (dgg) 17 81 =-2.63815 (0.968199) NLIN
B2 = 0.10226
y = —0.14673
G b of domi a = 19.69711 5 583873
rowth of dominant L .
height (ko) 2 £ = —0.0382% (0.683049) NLIN
Y 1.21366
Mean height _ 1.414669
before thinning (hgg) 22 f = 0.85813 0.929642) REG
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Figure 1. Development of the dominant tree height(a) and current annual increment for the various site

index(b).
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Y2 <(Figure 3(b)) 4 7+¥ 04 sk (Figure 2(b))
o] @7] Wil AT FHEAH R o] F
AA = FAGAAFL Im P T4
759 v %35HA ehdol,

Figure 2(a)ol4 “No thinning" 2.2 ZAdE &
<+ AL AE AFEA] ¥ AdAeg wAa)
7t A" do AHAF FAAddE, oA ZHE
g F 7 i Fre] AR v A
<+ walvh, zely AAHFAY Ao AAH)= 3t
Wolgo] gl dAY AL Jehle Aoz, ¥
KA’ 759 EARA A=) Al A
2748 ZrdEke] o al AHdlE el e el
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Figure 2. Development of the gross production(GP) and volume of the residual stand(a), and thinning
volume(b) for the different thinning cycles.
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b

Figure 3. Development of quadratic mean DBH(a) and number of stems(b) for different thinning cycles.

(2) WEEDNY 47 Y 24

PFFZAAL AR E71A F 6027 FA
g AAYAE YA 2 o] Felle 2 Ae)z}
¢ 2A Jebdh(Figure 3@), olF+= 243
71 549 F7F F2A7He] Im 247 T
2oh B4 Jehdt), olw 539 z2kdFEr] o o
7F 1m 38R dF7idc Agie] A AA
23 ol ule} BFFuAAY Aol T(1HY
Aol w3 7l Fe] HFFuge] 71 we 7t
A5+ ¥ : Kramer, 1983)3% AA&xlo] o) Fof
A7) w8l AR Aordcie) ¢ E, 2000).

Figure 3(b)= 7 A9d571¥ had £ 2=
olt}, Im £z A4F HHF7Y AL FHHANA
£ 7bEF7)7) waAt, 98] FItEgsE 3
WEri7t Aa 2eAe 4L Az 9t 2
o F& AL 7HHe AHAEA Wske we
S ERS FAdold, F, o] F4L& 24}
7} 2 AsA] . A& ¢ e Hd 95 25
£ 9uigel, o] A9, Fx2474L Figure 3%
o] et B4 wr] g AAH ez 44
2 Figure 2(@)9} o] #A vephdr,

2) A2=d JE%
bt AYAEE dBAREL A 85t A
d7 =l wE JEATE 33319 H(Table 3).

(1) YRR ME pis]

Figure 4(a)= A= 429 3 A" A4
#F D 3E 8 AR o zel}, AR
E7t EE4E ¥ F AY A AE: o
o AAAREFe 4L Aoz dehgoh, A9
AEE (.28 A48 F=71¥ (moderate thinning)
dla A AA o] shA EA FAHEALH, A
47 = 0.359] 7r=7Pd(heavy thinning)ol A A
A g Aeo]l A4 A el ol 2719 #
=72 s AR AAHE A FH 5] W
AA=HE Aol 7|Agcis & 4= lciFigure 4(b)).
e AEg JFHE F)gt oA A 7 (step-
wise thinning)S %3] A= YAse] F43% 3
A5 L AX & = 9le Aoz Yy, 3§
o) Folx|A| ¢ishs A5 A& el
FHogE Zxrde] FAAHA4AE w)Lsh
Ao 2E zol7} qel, &, A=de] A

Table 3. Various thinning intensities applied for a given at thinning cycle.

Class of thinning

Thinning intensity

Moderate A= 0.2
thinning in young stand. (age : 0~30) (1=0.3)
Stepwise thinning in middle age stand. (age : 31~59) (A=0.25)
thinning in old stand. (age : 60~100) (1=0.2)
Heavy A= 0.35

Thinning cycle

3m height thinning in young stand. (age : 0~30)
2m height thinning in middle age stand. (age : 31~59)
1m height thinning in old age stand. (age : 60~ 100)
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Figure 4. Development of the gross production(GP) and volume of the residual stand(a) and thinning
volume(b) for different thinning intensities.
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hat 24548 2H, 304 o F712 40
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ol€ 309 haw dE5EF7F 4099 HAYEL
T o gyl did, 2 Aelwtge B4 At
A& vepin,

A B
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e BAE TR o F 722 R AHE
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Figure 5. Development of quadratic mean dbh(a) and number of stems per ha(b) for different thinning

intensities.
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