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A Review on the Competition Indices of Individual Trees
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(1. The Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry University .

Beijing 100083, China; 2. Beijing Badaling Forest Farm, Yanqing ., Beijing 102112, China)

Abstract: The understanding of individual-tree competition indices (ITCID) is both of practical and theoreti-
cal values in forest management. In this paper, the concept, research significance and principles related to
ITCI were introduced. The methods of identifying reference trees and their competitors were presented,
including the fixed radius method, crown overlapping method, angle gauge constant sampling method, and
search cone method. Both position dependent and independent of ITCI were summarized. To modeling po-
sition dependent competition, indices included the crown competition index “KKL”, the competitive influ-
ence zone approach, the tree size ratio method, and specific methods for estimating crown size and the
number of competitors of a given reference tree. Several position independent competition measures were
also evaluated, including the methods related to the ratio of tree size and sample area.
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Fig. 1 A schematic diagram of KKL method and search cone method

3.1.2 AaxtAfRreH %
3.1.2.1 M8 hrEs  F. Hegyi T 1974 4E 42
5 A7 B ARG R T A bR, BN AR 2 A S
2P U N 1 BROR T I 9 T DA AT BR T i AR i R
Rl

DCI:ZLM/;'(L%XG[Z,LU
K ed, HIEFARPIBIE . d; X ZAR IR, dist,
RIX 2 BERS Z T A BE RS . R LA 0 B 5 A R
KBl R AT G2 R B BT L e P AR bR S K
3.1.2.2 #w4d545—ME G. L. Martin fil A.
R.Ek 1984 4E$& I 0y ik B Eit BT A4 K

) (6)

X EARMMAR LG d./d; }REE R G S EA
SR T8 BRI BOR AL A5 B 58 G 45 b5 MES

ME=Z?:1W<%><e [4]) )

K edist; B PR G RLARMER . d PR

A d; AT RARM NS ME Ry 58 F 48 b5 .
AU ME B 45 B2 Y 58 R i 42 /9 22 /) i

Bl /)N o

3.1.2.3 =4fEt3—A(H Johann (1982)f A

(BT 5 Ab R4 T BROR A K R T AR R 8 b AL

Ay RFESIEIR L E, HIE RS by X R ARMR &L H

b ] g ¢
_h; di
A”_Exdj (8)
AL AR @A EE] E, (A28 9 .
_hi di
Ey=3%5 (9

MR bR A A E BT AT DU E E R
5RO BE RS Sy AT R AR [ £ i T R
ol A P 8 s 2 I AT AR AR O ik
3.1.3 ZHHwmEREHE L E Bella T 1971 442
I 5 0GR W el E S T B BT A SR A A
A e 4 AR AL Y 5 4 46 bR 4 B R 81 4 K
T

0, _d

B=2ts (Cpaljcj XCT;

L icpac; FAGARWERZ 1O, h 5X %
A G E B R A R 1 B A, SRR
[ o A AR T 7 AR 0 3 A, B AR LU SRR X R AR
FHARA A9 KN B . T X R ARMIAE B N ARJZ P A
(5B WA O, K BT 56 4 18 45 (14 5Tk %4k 4,/
d; 5T .
3.1.4 BMEAXMEFRKF LHEREE
X G ARGE P AR B FE RS dist, , V0 2% 18T R 5 A T T
FU(CC;, M CCH 45 F 11 FL(CM; F1 CM,) 55 35 4
TEARTRCV, MICVD . RTIHHEXNRAR j B S
% . Biging f1 Dobbertin (1992) % #& 4 £ Xf 4 K |-
Wi —NSFALE p. ARG DB 5455 A 75 5 4 5
W AL CC, W 5 22 1 AL CM A s (A AL CV, 8%
Je 4% BT B A Ak B A B W R S8 4 48 AR BDV,
BDM, #1 BDC ",

(10)

CV,
BDV,=>" (o 11
T ey (b
CM,
BDM,=>" (o —— 12
f L 1i (CMjX(lidmw) ( )
CC,
BDC, =21 ,,.;( : ) (13

~~
(/(/]X(l;édm(])



156 [kl s

22 M

b 2 it 27 %

2 dise; 15123 055 BE 28T (4 A% A 1Y) 5 4 5%
W] o T 9 3353 P 3 228 A A ) S 4 S T
3.1.5  sEEABBIEH KL BORAEF — RS,
55X GRS A T A ) S A AR B 5 0 R B R
TEK AR AR b A A A 2 BUAE 52 4 K B R ORI
WHE bR 2 A7 . FELAE RIS L 5E R 1 R
SE RS A AR AT 2 Bk 4 BR L6 BR L8 BR 12 BRAEL
P B0 . VA A A B Al B K ST A 4R AR Y O
% CL oy

CI:*QXdist (14)

D

KPCT R GARMTEG AR R - D Ry 3 G A 145
DXt G A A B B AT 8 b 5 4 AR 1 - 4 B 4% dise A
AREE B LT Y 8 KRR B IIBE B . kA R BUE
2O LW 5 A TR
32 SEEREMERIERTR

5 B B TG O () 5 4 45 b 10 ST AR T 3R
S5 BT 5 5 I L S A 2 KA T b4 2 K 1
JrE . S B TG I BE A bR AL 45 b 4
Y FBE UM 43 P PR AC R /N fE 3 S SR 1 40 14 AR A
A5 o M3 b 3 3 R AR /N5 b4 T 1k
IINE R B KN 22 L 3 LA 3 4 T T U
K% R BSR4 Al 0 H bR R/ T2k i AR
7 7 1 AR AR 2 i 4 PR R R
3.2.1 AR R KR H /N E A T R 1 A
K2 ] 5 A FR T 9 4 5 4 e kL R A KR
WAL . LA T AR A 72 g L e 3 Rl (1) 35 4

AR IR AT .
_d
CI=p- (15)

X CT N RARTEF AR d MRIT A @ R4
ARBIMAE Dy S5 %k G A F A AH R 4F 1% A 57 H 2% 1F
MPEEA M A2 . GEA R Z AL J5 3, Han 22 5K
C15) (14 7 B e p AL 35 A F- 239 Jig A o AR 5 SF- 32 Jig 422

LA,
3.2.2 LWAAXHFEFRA
3.2.2.1 MRAHX LB 5B 0 B T R

EREE LS PR AN i B TR ANy L Ty T2

S AR R T AR AR AT AT LA B BE T R e A R

()3 P ROR M 28 o DUR SR R AR £«
prReV=S": (16)

%

A CV, R G K 4 A 5 PR B CVR B A BT

AR 2 W S AR AR PRCV & 55 05 88 8 56 58 4

R

3.2.2.2 MXESEMWELL  F A

BRI RN AR S5 XM F e hn, 2
Al S WA TE R oh BT o AR B O AN g 5 AR
23 [H] B A A R A BB A6 A 2 U0 1 s e B K 52 B
e AT I AR T 5B S 8 br RE-
CR.
M3 D OK Y B A ROE iR B
AR A2 D, 18 T AR A R0E IR B4R

38 2ok SR BB B A A8 P P e e S B0 2
T3 35 s AR A 2% BA Pk S i 5 A (W) AR 8 O R A
RO R 22 FAE S — 1> e S Wbk 43 v SRR 32 J8] BRI AR R
Seg AR,

BH P 5 2 4 O ] 55 30 0 A 22 fioh 0 e v A R S
HB LA b B AR 568 5 43 o BH P S 108 e i R /0N ok Sy B e el
W . Tadaki SNy B 5 R 20 06 & ORIy o2
R AR GG A BIL ™ W 0 35 ORI T R B A SR
FOL A RORAR, X R AR B A K TTERR /N Ot & 3L
R 3 B 43 BE 1 56 o hy B 1 A 408 e

BT AR 2 F5 DU S 3 A AT AT 3T R0 A 2 i, N 52 BF
FEGEEPS . H AR AT DL SZ BHOYG BB A A
3.2.3 HHmARrs ik
3.2.3.1 H48br CCFP BB EAEY R
MW RE, X 5 B AT A B W 52w Z
2 epa i K, A LA T 5 8 8 I8 K 0 38 4R AR
CCFP . M55 v 48 b5 o] 156 B AR 43 4 19 — 5 4

CCFPZ%X 221 CPApori (18)

KW CCFP Bz T 1, 3 BB A 1
AR AR T A A S 0 LT 2 R,
HEARRSMOEIRT CCFP<< 1, X TiemsEsg s
S5 CCFP> 1,

3.2.3.2 JKOPREWTIE AR FEXFRORIEAFEIR Y
P AT A N7 — 1> K R B K- T L A8 BT I A KQE CRi )
(1 22 18 11 A KMF s e AR KV i X A4S 7K F
THT (1 JIT A5 AR AR A (78 A 07 A8 BT 1T B O e 2 1 R
B LA B AR N PR DAAE b TR A

RECR= QYD)

KKQ=—4X S, KQF, (19)
KKM=—X X KMF, (20)
KKV=%>< S KV, 21)

XHEAR TS Eis KKQ.KKM, KKV,
FERE B 1) 7 3k R G A AR B R T LR Ry 5
A 2 TP B A S T B AN AR
(AR A AT LLIA R & 55 4+ K . Biging 1 Dobbertin
(1995) WA 5E R WA e e 45 b5 KKQ METES % 5
N 60 % ~T75 % it



56

BORLE « BRI % FORTT S48 b1 1 0F 52 0 e 157

3.2.3.3 CCF {4 J.E. Krajicek £ 1 14 CCF {&
g FXEFEFAHALWT

D111, 291 486+0. 220 921[1>2><5§
CCF= A X100

(22)
X CCF 5 WA 51 58 38 b A b M T
R(m®) . D; Jysg FARM MRS, Tl AT 5L
7 IR e A S AR 18] 5C AR R e A AT
4518 . CCF SRR S 25 R 0 B4R G & A e v it
¥ CCF (5 bR T BRAE N 78.5, B RRAE N 3905,

4 i

Xof 5 R B A S RITE S Y 2 FhAIEGE J5 vk Hh 5 5 TR
— TR B AR A AR Y A b A0 A Y )R LA AR
Z 4 H T BN - 5 B B A Q1Y 38 4 4 A e 1
W AT WIS S AR AR SE B A v A0E LR T . A
B NS SN e D L N L R T R TR PR 72 B
VU 5 A 92 R AR el o

VFZ 57 B A AR N B 5 | AR 5 R
KA FE e bR R UL TC W] 8 A0 5 . L AT BE LA 1 5
JEAEBA N 25 I KRR AR A I AR o e
s HORAR Z2 WF 5 I 3 T [R] % S AR 1) o 58 4 PR T 10 22
S BN 30 5 000 A O 1 T ik B I R R A A
A T EE A ML/ o B /N L rP AT B8 BT X L
& th 2 RO 2000

X T ARRS A AR A AR I ARG T 1S &0 F
P B R O Y 5 418 A X G A B4 4 B R T T LA
AH . MRoraitg i 2 R AR A% S5 Hh BLAY IS
i 5 50 B JC 0% (4 07 ik AR PRl 23 2R Lo stk

PATE ) B R 58 S F 53 20 43 3 40L& HE BB . 1T 22
MBS AT 7E—ERE B TR IEA . JF
Hoi oG B WA 32 4 5 b8 R G0, AR 3E 4 A% 1K
T ML E S T R S AT TS AR A RS
R A A9F 5T IE 1) AR Bl A R (] B9 2 S B R R L
U 4 5 1) KSR

S Z30HK:
[1] mdrp Rl 020, B Ay w Sk RI]. &
A2deik, 2011,3009):1863-1867.

(2] MVL, B SR, . RN TR AR e AR 5 LT ). 1L
TG A K 2F 24 4R 2001, 23(2) :240-243.
LIU J, HONG W,WU C Z,et al, A study on the law of com-
petition in naturally regenerated Sassafras tzumu forest[]].
Acta Agriculturae Universitatis Jiangxiensis, 2001, 23 (2):
240-243. (in Chinese)

(3] 3, ULAR  RIRBT, 45, KA B 1L A 58 4 48 by Kbk 3 58 4 A K

OB A BFSE )], 1T P4l K% 254] , 2002,24(2),251-254.,
FENG L, HONG W, WU C Z, A study of competitive index
and growing model of Pinus taiwanensis[]J]. Acta Agricultu-
rae Universitatis Jiangxiensis, 2002,24(2):251-254 . (in Chi-
nese)

(4] &80 ok SChs. Y fe M9 L T LR 9 45 R ) 32 4 (4 B0 6 &R

LI H#RF5T,2004,24(1) :53-58.
JIN Z X, ZHANG W B, The quantitative relation of intraspe-
cific and interspecific competition in endangered plant Hepta-
codium miconioides[J]. Bullerin of Botanical Research, 2004,
24(1):53-58. (in Chinese)

[5] A2, T %, 452 IR A 245 8 ad A2 o

B 5 4 B LT ] VG e U9 K 2 2 3 - AR B2, 2000, 25(5)
601-605.
SHIS Y., LI X G, WANG Z P. Study on the competition in
the course of ecological reconstruction of wind damaged slash
in Mt. Jinyun[]]. Journal of Southwest China Normal Univer-
sity: Natural Science, 2000,25(5) :601-605. (in Chinese)

[6] VLIE,¥7dF. KB L FE S ik AR OL 3 Fh 5 5 00 B0RE ¢ R

L], Wik B 2 41, 2008 ,25(4)  444-450.,
JIANG T, TANG M P, Quantitative relationships with com-
petition of dominant tree populations in an evergreen broad-
leaved forest on Mount Tianmul]J]. Journal of Zhejiang For-
estry College,2008,25(4) :444-450. (in Chinese)

[7] . 2= R, HEH, % RIAR L T #2 (Taxus cuspidata)
b AR ] 3 4 (1], AR 25 24l 2007,27(3) :924-929.

LIUT, LIY L, ZHOU Z Q, etal. Intra specific and interspe-
cific competition of Japanese yew (Tazus cuspidata) [J]. Ac-
ta Ecologica Sinica,2007,27(3):924-929. (in Chinese)

[8] ¥, BODURE, 3K A, i AR 41 e AR 58 5 46 A5 1 00 25 B 50 LT .
B e Aol BB . 1996(3) £ 32-36.

[9] J7ie, E g, 848 5. B 4 iy J5 B RS AR DX O ZR R AR AR P L il 1)
segr it gEl)]. PHALAEA) 4. 2007,27(2) : 334-339.

FANG J, WANG X A, GUO H, et al. Intraspecific and inter-
specific competition of Quercus iiaotungensis in Malan Forest
Region of Loess Plateau[]J]. Acta Bot. Boreal . Occident .
Sin. ,2007,27(2) :334-339. (in Chinese)
[10]  ARF S wh-L2A SR ZEHE. [ i 2 A MO il 1) 55 4 OC R RO
Mo LT RS20, 2001,20(4) - 35-38.
[11] ARIE 0T, A G . 55 A R, 45 T8 A A Kk XN T4 B2 3 A R Ak
il P9 5% G — LA B 2R ) VA e 30 9] L ). s pfoll k2 2%
2 .2008,30(3):13-17.
LIN Y M,CUI P, GE Y G. Intraspecific competition of Leu-
caena leucocephala plantation in the area of high frequency
debris flow: taking the Jiangjiagou Gully as an example[]].
Journal of Beijing Forestry University, 2008,30(3) :13-17.
(in Chinese)
[12] S0, JUBNI L, PhES 55, Z0AR SRR T T AR AR KA AU [T, 78
JEMR2F B 2# 9], 2011, 26(3) & 143-146.
HUANG X F, KANG X G, SUN L. Establishment of indi-
vidual basalarea growth model of Korean pine[ J]. Journal of
Northwest Forestry University, 2011, 26(3) : 143-146. (in
Chinese)

[13] PRETZSCH H. Forest dynamics, growth and yield: from



158

U AL 27 B 27 4

271 %

[14]

[15]

[16]

(171

[18]

(191

[20]

[21]

[22]

[23]

[24]

measurement to model[ M]. Berlin : Springer,2009.

TLA 40 BR2E 30, AR08, LA Von Bertatanfly 25 1 B8 S S At
BB R AR LT ] v Aol 9 A # R, 1994 (4) :5-8.
BAOR L JTIRTE. T AN N AR5 I B A OG0 o AR A L I Y
(], gl A= 92541 . 2000, 19(1) - 10-15.

HUANG ] R, WAN Z M. The study on distance-dependent
models of individual tree in Pinus massoniana plantation[]].
Journal of Mountain Agriculture and Biology, 2000, 19 (1)
10-15. (in Chinese)

KET RS 56 AR AR 09 50 BT LT ], dE st Mol K
F3%,1992,14(4) . 1-8.

GUAN Y X,ZHANG S G. A classification and comparison of
competition index[]J]. Journal of Beijing Forestry University,
1992,14(4) :1-8. (in Chinese)

kb B R, A, AL BR R SE AR S R E] 5 A 0 B
KAL) B A 241, 2006, 17(1) : 22-26.

ZHANG C, HUANG Z L, L1]J, etal. Quantitative relation-
ships of intra-and interspecific competition in Cryptocarya
concinna [J]. Chinese Journal of Applied Ecology, 2006,17
(1) :22-26. (in Chinese)

S R A, X L B AT L A5 N MRObR A 5 4 500 48 b 119 X L TR
Fe[T0. #ARA B, 2002, 31 (6):11-14.
EENIRRA T O I =0 e o eI R S Ry L N R U
S4B OC R LT, PUAb AR B =4 2007, 22(5) . 32-36.
HU G, LIANG S C, ZHANG Z H. Quantitative relation-
ships of intraspecific and interspecific competition in Cy-
clobalanopsis glauca in Karst Hills in Guilin[]J]. Journal of
Northwest Forestry University, 2007, 22 (5) . 32-36. (in
Chinese)

RADTKE P J, BURKHART H E. A comparison of methods
for edge-bias compensation[ J]. Canadian Journal of Forest
Research,1998, 28(6): 942-945. (in Chinese)

R SRYLME EZEF. F5E G 56 b3 0 oKkt g o AR F
PR Rf I 2 i) 56 R L) ] B AR A5 %31, 2000, 11(5) 1 641-645.
WANG Z Q, WU G S, WANG J B. Application of competi-
tion index in assessing intraspecific and interspecific spatial
relations between manchurian ash and dahurian larch[]J].
Chinese Journal of Applied Ecology, 2000, 11(5):641-645.
(in Chinese)

WG A AR AR T P LD AR A SR A A S A Y
()], AE 3R HE,2008,17(3) :1082-1085.

TH S BN AF. LDIE R 3L [ 2R O AP X R SR A A AR
Fi g ) 2 4 A3 BT LT ). AP B8 05 5 PR B 4 4R 2008, 17(2)
9-14.

MAO L, YANG D Q, WANG D M, et al. Analyses of in
traspecific and interspecific competition of Pinus sylvestris
var mongolica natural forest in Honghuaerji Nature Reserve
of Inner Mongolia[ J]. Journal of Plant Resources and Envi-
ronment, 2008,17(2):9-14. (in Chinese)

BoAm M SR, SRR AL AR WL # L AR B P 5 R ] S

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

MWEFELI]. P4 . 2008.28(1):78-81.

DUAN RY, HUANG M Y, WU G L. Study on intraspecific
and interspecific competition of Pinus taiwanensis[J]. Guiha-
ia, 2008,28(1).:78-81. (in Chinese)

BELLA T E. A new competition model for individual trees
[JJ. Forest Science, 1971,17 (3): 364-372.

PUKKALA T. KOLSTROEM T. Competition indices and
the prediction of radial growth in Scots pine[J]. Silva Fenni-
ca, 1987,21 (1): 55-67.

BIGING G S, DOBBERTIN M. A comparison of distance-de-
pendent competition measures for height and basal area
growth of individual conifer trees[ ] ]. Forest Science, 1992,
38 (3): 695-720.

PUKKALA T. Methods to describe the competition process
in a tree stand[J]. Scandinavian Journal of Forest Research,
1989, 4(1-4) . 187-202.

HEGYI F. Growth models for tree and stand simulation[ C].
Royal College of Forest. Stockholm, Sweden, 1974 74-90.

MARTIN G L, EK A R. A comparison of competition meas-
ures and growth models for predicting plantation red pine di-
ameter and height growth[ J]. Forest Science, 1984, 30 (3):
731-743.

XUJERN 22 RCH o T4 B 7 AR N bR B AR A8 10 g 5 LT .
M9, 2003,23(2) ;238-243.

LIUZG, LIFR, YU]J C. The study of individual tree mod-
el on Larix olgensis plantation[ J]. Bulletin of Botanical Re-
search, 2003,23(2):238-243. (in Chinese)

K EO. A AR A KB R S [T, e bl 8 A R R
2006,25(3) :1-4.

ZHANG H G. Researchs on single wood growth model of
Fokienia hodginsii[J]. Central South Forest Inventory and
Planning, 2006,25(3) :1-4. (in Chinese)

A ARH B — AT Y BOR SE A AR bR A X A RO IR L
LI bRl B 22558 . 1994, 7(3) 1 337-341.

WANG D S, SONG X M. A new single-tree competition
measure-relative effective crown ratio[ J]. Forest Research,
1994,7(3):337-341. (in Chinese)

Fal gk RHTR. AedudE ik A TbR CCF AR i 4R 15 LT ], i)
JbAR2E B 27402, 1995.10( 1) « 1-6.

WANG D S, SONG X M. Aanalysis of the CCF characteris-
tics for Laris principis-raapprechll plantation [J]. Journal of
Hebei Forestry College, 1995,10(1) :1-6. (in Chinese)

WO R. RN N TR R TEG 18 b5 B A KA BE T[T ). #k
AR . 2001,26(3) :1-4.

ARAR IR SCIE. VIR B AR R S A g DR L) )L A AR
B4R .1998,22(3)269-274.

ZOU C J, XU W F. Study on interspecific competition of Pi-
cea mongolica [ ]]. Acta Phytoecoligica Sinica, 1998, 22 (3)
269-274. (in Chinese)



