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Estimating the Competition Indices and Diameter Growth of
Individual Trees through Position-dependent Stand Survey'
Woo-Kyun Lee?
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ABSTRACT

In this study, a number of distance-dependent competition indices on tree-level which incorporate the
tree sizes and distances to competitors, and traditional stand-level density measures were estimated
from the data compiled with position-dependent survey in a Pinus densiflora stand. The performance
of the estimated competition indices was examined by comparing the relationship with the diameter
growth, and a dbh growth function, in which the competition index is considered as a one of
influence factors, are developed.
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In the searching method of competing trees, the competition index estimated with 30" competition
interrupting angle showed the highest correlation with the annual dbh growh, while the expanding the
competing zone distance had no significant effect on the performance of competition index in estimating
annual dbh growth,

The most of the examined stand-level competition indices, based on distance-dependent single-tree
competition indices, were evaluated to describe similarly the stand competition status. As a result of
part.al correlation analysis in which the effect of age and site index are eliminated, Alemdag's mean
competition index and relative spacing index were determined to have the highest correlation with dbh.
The relative spacing index, which can be easily measured in field without measuring the position of
individual trees, was considered to be a better suited one for estimating mean dbh of a stand.

Among distance-dependent competition indices on tree-level, Hegyi's competition index showed the
best performance in their correlation with annual dbh growth, if eliminated the effect of site index
and dbh. This enabled to derive the following annual dbh growth function of individual trees which
incorporate age, dominant height, dbh and Hegyi's competition index as influence factors :

dbl’ = 3.975362676 - age - 1.089274613 | ho .199893990 | dbh 0.269430865 | HgCI 0.353643587

This function is coincided to the growth principle in which site index has a positive effect on the
annual dbh growth, while high age or competition causes to reduce the annual dbh growth, and can
be used as a function in single tree growth model.

Kev words  distance-dependent competition index. tree-level competition index, stand-level density.
position-dependent survey, annual dbh growth function, single tree growth model
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Fig. 1. A Map showing the horizontal position of
individual trees measured in a sample plot.
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Table 1. Investigated competition indices and their type, equation.

Source Variable Name Type*' Equation*’
Hegyi (1974) HgCl TL DD SR-DW 2( D D’)
=W\ Dist;
n{ D 16-Dist,
Martin—Ek (1984) MtCI TL DD SR-DW 2( il D*D‘)
7=1 i
D;
Alemdag (1978) AICI TL DD GS-DW 3 7r~( Dsst D ) Dist ;
= D,+D; 5 j
=\ Dist
Lorimer (1983) LoCI TL DD SR z":l( %)
= i
)
Daniels (1986)** DaCl TL DD SR A2\ n
D}
Spurr (1962) SpCl TL DD SR-DW L. 2[( Dfs’t )( j—%)]
- i
. veal basal area
Stocking St SL DI basal area on vield fable
. , X 95 \ ~165
Reineke's SDI (1933) R'SDI SL DI N - (9/312)
10000
Relative Spacing Index RSI SL DI N 100
ho

*I TL.: Tree level competition index
DD : Distance dependent competition index
SR Size ratio competition index
DW : Distance weighted competition index
*2D;: dbh of subject tree i

Dist; © Distance of subject tree i to competitor j

N:  Number of trees per ha
n: Number of competitors

*3 [nversed index of Daniels's Basal Area Index(BAD, BAI =

7k x (ebef 2l 9], 1991; Kramer, 1988) $-&(%
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. Stand level competition index
Distance independent competition index
: Growing spacing competition index

dbh of competitor trees(j=7)

Dominant height

dbh . Diameter at breast height
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are chosen as compititors to subject tree
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Fig. 3. Number of competing trees(a) and Hegyi's competition indices(b) by competition interrupting

angle and competing zone distance.
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Table 2. Correlation coefficients(R) among the

ﬁul

MEE

"ER #E

stand competition indices(DD-CI) or stand density indices

(DI-CI).
HgCl  M(CI  AICI LoCI  DaCl  SpC1  Stocking R'SDI RSI
o HeCl 1.00000  0.72122* -0.70825° 0.88301* 0.82019° -0.01321 0.74233* 0.39381 -0.42649
i 0.0 0.0001 0.0001 0.0001 0.0001 0.8957 0.0001 0.0001 0.0001
MtCI 0.72122*  1.00000 -0.41733 0.71519* 0.64464* -0.46066 0.33004 -0.20403  0.04609
0.0001 0.0 0.0001 (.0001 0.0001 0.0001 0.0008 0.0407 0.6472
AICT -0.70825% -0.41773  1.00000 -0.68041* -0.54301* -0.12795 -0.64996* -0.50197* 0.69704*
DD-CI 0.0001 0.0001 0.0 , 0.0001 0.0001 (1.2023 0.0001 0.0001 0.0001
LoCl 0.88301* 0.71519* -0.68041* 1.00000 0.89609* -0.08148 0.66429* 0.39101 -0.41888
0.0001 0.0001 0.0001 0.0 0.0001 0.4179 0.0001 0.0001 0.0001
DaCI 0.82019* 0.64464F -0.54301* 0.89609* 1.00000 0.09521  0.55035* 0.39204 -0.36407
(1.0001 0.0001 0.0001 0.0001 0.0 0.3436 0.0001 (0.0001 (.0002
Socl -0.01321 -0.46066 -0.12795 -0.08148 0.09521  1.00000 0.08782  (.66808" -0.42724
- 0.8957  0.0001  0.2023  0.4179  0.3436 0.0 0.3825  0.0001  0.0001
Stocking 0.74233*  0.33004 -0.64996* 0.66429% 0.55035* 0.08782  1.00000 0.63176" -0.45224
0.0001 0.0008 0.0001 0.0001 0.0001 (0.3825 0.0 (.0001 0.0001
DI-CI R'SDI 0.39381 -0.20403 -0.50197* 0.39101 0.39204  0.66808* 0.63176* 1.00000 -0.69956"
0.0001 0.0407 0.0001 0.0001 0.0001 0.0001 0.0001 0.0 0.0001
RS -0.42649  0.04609 0.69704* -0.41888 -0.36407 -0.42724 -0.45224 -0.69956" 1.00000
0.0001  0.6472 0.0001 0.0001 (0.0002 0.0001 0.0001 0.0001 0.0
No. of CI DD 4/5 3/5 53/5 4/5 4/5 0/5 4/6 2/6 1/6
®0.5) DI 1/3 9/3 5/3 {/3 1/3 1/3 1/2 2/2 1/2
SUM 5/8 3/8 6/8 5/8 5/8 1/8 5/8 4/8 2/8
el A S ol o) 5 89 4 Reinckes] ¥UEA S ThE A ¥ DA
g s wesd e Fow & 4 lehE o) Fale] Trsm oed % 4 v, w3y
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A 2 245 Gt 7]
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gokt, &S] dEAEASE TR R o L
YTEw HEAAAN SR TE 249 oJrds . 1
Azbe] ARAE vlmA %A e, oy ow .
GE ARl 2T dRUEAse slEe]
pumelabi: e AANE W UEE 2 o
abo)shAl dvis) Foar o8 AAbElE el
A 3] o = Hegyizl4, Alemdag#|%, Lorimer o
214 Daniels® 4 % o} =57} 3o 7 AAbe) . !
W weg wgeb Awsl i AR vhebde _Lososr
27 62 AAA 7] T EH(cluster anal- L
ySlS) ] éjﬂ}"-% L]___T__T]_—I_(dendlagram){f_ \/]—E]-Lﬂ HgCt  Stocking AICI LaCl RSt MtCt gaCl SoCl RS}
Aold, dAddez ¢o] AR v F Fig. 6. Cluster tree diagram of competition indices
e Holw sk, 4 SDUYTQ] 3 WA o by simple linkage method.
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AL, Remeke«l JELEeAeds W o BEel Yol xgsEe] glvim B 4 glvd. met
L ABAE vepdla gloks AR Ftetd ol A AHEASY AlAE 7 B AR E
ek, A o1gk hawd 24MHE dudsz A48 >

3 I AAR s s AR A gl o] A e FEFaAA(db)E o
ol e JrdFFaAEd dELsle AF &7 el d¥(age), HRAAF(SD F had 2
A 2 dezeetd HARASFE eplich, (VY] F4E ek 5 sdck(Lee, 1993).
Alemdag¥ 7 Az 2 AbdlEaR S AR
xe ABNE wel YAz x9S} gopw dbh = 65.28055556 - SIVHHT
FaA gt 7 9T fA sl AR o THBITION N e VIS B g6y
ebytrl, Hegyi 73 A214, Lorimer 7 A4
Reineke®] d+L=AF7F °F 0.5 H=e AFa Lee(1993)ell 9)std #141& alut Azby Ao
#AE, 225 Daniels % Spurr®] A7 pe EAAC AHER L Ao QA
oF 0.4 AEe] ATAAZ B FugAgztel 4 slc),
TAde} wimd & Ao jepytrl, Martin-
Ek A4 % JE5xe Fuagae] daA 3. SEXAE9 MK ENEAME

Al
3t

-~
'N
o3
v
M,

Azt £ Aol A7 el A AEE AR eF ol A} v
sl #ew velgrl, olelg AAUA F dE o FumAAd A ZA ik vxeslE ¢
o) FmA AT 7pA BAVE 2 AR P olm 7] gla #H2 5W7be] FaAE Hr|HE4
2l 4 stepw1se option® ©] 48 c}F3]H ka4 Az Sehe] AbpEAS d At o
M o d]

B apAko. o 01;%94 A|

it
2
M
ig v
rll

,o ]
AAF(R-sq. )& Az wlarstedvh. 0 A Aakersth A Rre) wa

1) —’F(RSI)“ qeg o “«1 14‘%‘} TAA AL Martin-Ek #| #2} Alemdagxh
E7b A EA ehdoh, geba dRe] BEEF 2 A AR o 0.35 AR AR s
g1 FAst=d= Alemdag AAAF2} A o]% Hegvi® ZAAA47 F127 4

O

[iud
i
|o
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Table 3. Partial Correlation coefficients(Partial=age, SI) between mean DBH and stand competition
(density) indices, and R-square of regression analysis with the function
dbh = a + [y-age+ B,-SIt+ B, CI
HgCl MtCI AlCI EOCI Da(l SpCl §tocking R'SDI RSI

mean -0.50338 -0.18338 0.78430 -0.50460 -0.43267 -0.39760 0.19503 -0.46099 0.78609
DBH 0.0001  0.0692  0.0001 0.0001  0.0001  0.0001  0.0531  0.0001 0.0001

‘R-sa. 0.88  0.85 0.9 0.8 0.8  0.87 0.8 0.8 0.9




548 BRI r# A o1 RS RPHEH 2 WHEEER #E

Aekab 7bA S AR S deln Qe el A T dE S vAE o2 uelytod ol
Hegyi#le] 20 Avizls gl 7189 o 38 53 4e] 4=,
{Daniels, 1976; Hoimes<¢} Reed, 1991)2F =&
7ho) shir glis o)), dbh’ = ().46627859 — 0.00409402 - age

Al H o AFkA R e e Al F (0.000D) (0.0001)
aAl g abel 29w FarEl 7 ole)e) gabgql —=0.00743294 ko + 0.00550554 - dbh
oflle od & mbyl witeleiar A} Flvh, Tomé (0.0088) (0.0006)
¢} Burkhart(1989)+> Al 52 A4S ofs, = —0.02771380 - FlgCI (R=0.35)
71, 7S ofu]el Qlate] wlglE oW F el (0.0013)
24 o g kol g grelw glvh, BAdT
o 1 ix olel g Ak aale wiHl Al AbEel A ey Al S arel) ofgh A Ao RE)
R Rl R S -3 vbel e QElea] S EsTyl Eow

NalEel ol Ay AR e AR A A Ea ool ulel FuzAAgeE &
skl glal HAISe]l Fa Al A A (dbh ) ohis dubE el A Hel gl E]o] ¢l tlFs
FHMpE st Aole AAE: d¥(age)dt AL FaAARARocRdE= HHAR Esbg
Al =alho), WAE FA AR, NAE ol gebd Arle] Wgg AR ofe] hx] w)
o HFAASEE T4 dAste] olE A A3 ##2E SAS2] NLIN Prosedure(SAS,
WA AR Ay e, SAEe, RAE 1988)F ol &t RAsle] HEHoewn # 59
FAaAEE w2 FoAAdE A FadAddd & FuAE ARAE faskdo).,
gfoll dgFg wlz Ak AR FES 2YATO i el 7F Eglwlgeol] gl FAAp] 3
o) el vig- el FarA el vlA 4 of gol F Atoe Aol FaoA A 3 ale] ub
w9 b2 7o vhebytvl, whebs F1E 73 A Al AAe A Hggdg o ek, 4 $
ol thgh FAR 42 dEke Rl w3 9 A o] ek Alge] BEvf + 2 S5
7] 818l stepwise optiond F7hale] vhEE AR 3EE gl -"r‘ﬂ%%i’ b ol A8 % Ea
g Ak, oL Ast A AR 4F Hegyi®l olol wel FuAFAYFE Frh= Adubgary

A (HeCD7E AA%S] FaAR Ao b Aol

Table 4. Partial correlation coefficients(Partial= SI, dbh) between Periodic Annual Increment(PAI) of
dbh and competition indices of individual trees

HgCl  MtCI  AICI  LoCI  DaCl  SpCl  Stocking R'SDI RS
038128 -0.16458 0.24345 -0.34037 -0.33245 -0.35994 0.12065 -0.26448 0.31249
0.0001  0.0233  0.0007  0.000]  0.0001  0.0001  0.0973  0.0002  0.0001

PAT of dbh

Table 5. Growth function of DBH and it's parameter estimate using nonlinear regression analvsis
(PROC NLIN),

B Euncglon  dbh = a- age Ea 'j’ dbh HgCI o (VMSE=10.0827, R*=0.39)
, . Parameter Asymptotic " T for HO:
i 7\ aflrabléb o Estimate __Std. Error Parameter=0 Probe ~| Tl
@ 3.975362676 1.2358657982 3.2167 0.0015
A -1.099274613 0. 1147998534 -9.5756 0.0001
21 0.199893990 0.0753481694 2.6529 0.0087
3 0.269430865 0.0820560376 3.2835 0.0012
3 -0.35 364’3581 0.0674404580 -5. 24?8 0 [)(l[)l
ho - Dommant height of stand(m), dbh : Diameter at breast helght of mdlwdual tree(cm),

I1gCl: Hegvi's competition index of indivutual tree,
age © Stand age(year), dbh’ 1 Annual Growth of dbh(cm).
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Fig. 7. Development of dbh (a) and annual growth of dbh (b) by Hegyi's competition index(HgCD
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