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FEE AR AR AT A VE RV E F A L3 BT S iR AU KR FESE MW AR A 16 SRR =01, LU s EM Ea
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Effects of diameter at breast height on crown characteristics of Chinese Fir under

different canopy density conditions

FU Liyong', SUN Hua>", ZHANG Huiru', LEI Xiangdong', LEI Yuancai', TANG Shouzheng'
1 Research Institute of Forest Resources Information Thchniques,Chinese Academy of Forestry Betjing 100091

2 Research Center of Forestry Remote Sensing and Information Engineering, Central South University of Forestry and Technology, Changsha 410004, China

Abstract: Crown size is an important tree variable included in growth and yield models, which are commonly used as
decision-support tools in forest management. Crown size is usually described as tree crown width or live crown ratio. Tree
crown width and live crown ratio have been found to be a useful measure for tree vigor, and allow one to predict tree growth,
mortality and aboveground biomass. In this study, using 103 plots of Cunninghamia lanceolata stand in Huangfengqiao
forest farm in Hunan Province as an example, each plot was divided into five classes by stand canopy density (CD)
following the rules of CD = 0.8 (Type 1), 0.7 < CD <0.8 (Type2), 0.6 < CD <0.7(Type 3), 0.5 < CD <0.6
(Type 4), and CD <0.5 (Type 5). We analyzed the distribution structure of tree crown width and live crown ratio of each
tree for each type, and also analyzed the relationships of tree crown width and diameter at breast height (DBH) , live crown
ratio and DBH, respectively. In addition, nonlinear mixed effects models approach was used to describe the random effects
of canopy density on tree crown width and live crown ratio. The commonly used logistic model with predictors of DBH and
mean diameter at breast height in larger trees (MDL) was selected as a based model to construct mixed effects crown width

and live crown ratio models. The prediction accuracy of the developed nonlinear mixed effects crown width and live crown
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ratio models were tested using the validation data. Results showed that; the sizes of tree crown width of five types mainly
distributed in the interval from 2.5 (m) t04.0 (m), accounting for 65.82% ,69.56% ,70.79% ,58.15% and 53.21% ,
respectively, and less distributed in the intervals of less than 1.5 (m) and more than 5.0(m). The sizes of live crown
ratio of five types mainly distributed in the interval from 0.3 (m) to 0.7 (m), accounting for 65. 82% , 69. 56% |,
70.79% , 58.15% and 53.21% , respectively, and less distributed in the intervals of less than 0.2 (m) and more than
0.8 (m), and specially, there is almost no distributed for more then 0.9 (m). The linear correlation between tree crown
width and DBH, and live crown ratio and DBH are very weak. The size of crown width of the tree for Type 5 is the largest
and is the smallest for Type 1 under the same DBH. For live crown ratio, on contrary, namely the live crown ratio of the
tree for Type 1 is the largest and is the smallest for Type 5 under the same DBH. The developed nonlinear mixed effects
crown width and live crown ratio models not only described the effects of canopy density on tree crown width and live crown
ratio effectively but also have a high prediction. This article main emphasizes on method researches, the effects of many
other stand or tree characteristics, such stand age and stand density, on tree crown width or live crown ratio also can be

studied using the nonlinear mixed effect models approach.

Key Words: tree crown width; live crown ratio; chinese fir; nonlinear mixed effects model
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S HTIK SE PR X SR MR A, SRR BT LA, N IR R DL R SR S SRR BE AL TR
SR AN 3 AR A X 1 (8] P BB S BRI AR AR M SC R . Sk Iml g v il ) i A o 5 1) s B i
SR 2 AR, AN [7) A5 A0 P rh XA AR e i ket 23 o R UL, ok e 250 11 081 e o 2 [ T e AEAE AT I
(4 AR SRS 22 5100 TR IR0 2B 9k 2 A B3 el AR E 57 AR S b7 R I R AR AR R
B0, X TR TG (MR ST ) AR ] Y 22 SR8 B, 91 T AS [l A8 PAT R 45 4 6 e i R et 1 SR A B AIL S 1), A5 B2 Y
WA IFE TR I, A8 SC LA 4 B E 0 [EA K37 103 ettt At 2461 BRAZ AN, R4/ 287 TR
BRI T3 43 W AN TRV P R 25 500 e i AN et 2 (9 2 ) (] Ak i 45 281 e Mg AR et 4 e iy S 78 S B A 3
BIETE S-Plus B4 nlme #HE [ 52
1 #R5H%

1.1 WF5RIX [ SR

5T XA T 151 R 48 2 = AT ARG, IR 35 52 A IR 43 A0 8 B8 R DN T A0 L R P, A AR & 113°04" &2
113°43" b4 27°06' 2 27°24" Z [0], ARACFFSVLPUREAL W 2 38R, R 54 b B3, v AL S ek | i
BEHEAS, a3 PR o 3 B s R 1270 m, AR 115 m, BT 20—35° 8 2 Al Mz
Ak HPOT A 2 XU A8 DX AR 178 °C 3 Teaa I 2924, AE I RE/K i 1410. 8 mm, 23730 A Ml
[ #110122. 6 hm® , {F 3 AR EFL 879705 m’ , Hrf AT M 5 L 879688 m’ , i il A AR EFL99.99% |, UM EFH 17
m’ 05 0.01% , MIGHIFRME 35N 86.24% , WFh FELIAZA ( Cunninghamia lanceolata( Lamb. ) Hook) |
FAZE (Pinus spp) A E, HAF AR 3197.6 hm®, 7 M ARIEIFL 89. 9% , E L 593738 m’, i 96.56% , &K
N TR,

1.2 W EdE S50k
1.2.1 #Fsgds
FEMAMABAE (CD ) KN 07 A MR 53 5 FORTRIAR KA. 2K AL 1 €D=0.8;25%12 0.7<CD
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<0.8;2KM30.6<CD<0.7;2A14 0.5<CD<0.6;2K% 5 CD<0.5, EiX 5 PRI 25 oh 2 BEHLAMEL 6 13 |
14 34 136 Hedk 103 ekt FEHbfR/NRIATN 0. 0066 hm* | F KT ALK 0. 1052 hm® , F5ANE L A 8 250 g
185 em DL ROIG SEARMORE A R e LLR (RS VS AR DA e et A R SR 2461 K

1.2.2  F5briE

(1) (Cw)
WFFEHT R OE R A 2R ma P AL PO A T ) B34, TR A ST
CW = (CW, +CWy + CWy + CW,,) /4 (1)
K, CW, . CWyy . CW L CW IR AR P8 AL IR B (m) o

(2)Et (CL)
JeE A RIS SeE O B, FR A T2 — NI AR A B

CL=H-H (2)
L, H R (m) , H AR — AT R B (m) |, AR R
(3) KA (CR)
e RN T SR A A

CR =CL/H (3)

CR WMEAE 0 B 1 Z[8], 24 CR = 0 BRI TEATEIR, CR = 1 W A2, XPFREIEAE R D UL, %56
KFAT 0 < CR < 1 SMIBEARNKE 2B
(4) KFXFGEAM A A% (MDL)
KT XFGAR (3T IR AR ) AT 359 B AR S 48 A 1l o KT X AR A R A8 -S4 0E, B A A
FEMRGY o G R /N0
MDL, = X" D;/n, (4)
A, MDL, R T5 i SR RARFTA AR EHAR, n, IREHLH T X R BAR IR ARRR
1.2.3  Hdasrir
(1) ARl
WG Logistic AL S M ek i Al e % SARA N B AR ( D) KR S BRI A ) B 5 4 BT 7= A 1Y
BEATLASORE Xof T W AR 8 B i B g 38 m A2 B MDL, 3RA AT .
y=¢,/[1 +¢g,exp( = ¢;D)] + ¢, MDL + & (5)
Kb,y AR (CW) BUE R (CR) ; ¢, — @, NTFESEL
(2) IREHAR
Pinheiro 1 Bates'*" 25 H A AR LR A TR B O AR RS (B NLMEMs) ik R .
yi =f(@;,v,) e, =1, M, j=1,"-,n (6)
®; =AL.J.,8+Bijui, u,—N(0,) (7)
o, M ORI B SR n, AR @ AP B A G R S LR 5y oS § AR A BE S 9 2 j oML iy B
AR (KT IR SO R ) | fRICT SR i o, FIELSE it v, ARZMEREL B p x 1 HERTERL
PEZH; u, 2 q x 1 AERIBEHLRON S8, B0E IR EE R 0 J7 220 o WYIEZS i 5 o, WIEXSE(RFES) ,
5B u, BEEREOCR A, 5 B, AR B u, W o, RREHLIRIEIT, IS A T AT A
e, ARIRMIIIEE R 0 J7 2208 R BYIEZS A IFBCE BN S u, FIRZEI &, Z AIFH BT, T IRAHE
AUTRANA 28, WA 55 55 22 450 35 ST IE Y 4
(3) BERIPPAN
FFIRERL(6) 73 R e A el A8 78 103 ottt b BERLANERL 69 HRAf i A Ay K , 0T 34 BRAF M
NRGYEE . WENFEIR -T2 (e ) FRZETTZE () MIBTFRZE( 8 ) R AX T
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e= X X eN=2 " X" (= 5)/N (8)

n=X X" (e, =)/ (N=1) 9)
d=+e+n (10)
Ao, 5, WIS KRB, N Oy BRIRE N = X7 n,

2 RS
2.1 EMEAE R R
2.1.1 SR RABFEARGE R

TR ARVAERS B FE W R AR N SRS HE B LR 1, RISH, A A b bR 4R 1%
GIARTE 5—35a [A], H £ SRR G- B AR IR AR 4500 (28 1,2 4 2 192,265 3 F15 24 20a) . X T8 BE, 4%
PSRRI AH 225K, A 7E 237. 62—1719. 272 #R/hm® [8], ARG 28R [A] - 35 %5 BEAH 25 85/, X IAR , 4%
A REHL B A AE 5—39.5 em (7], AR/ S H [A] V-3 M = AH 22 8/, X T3 s, 45 A R b = B2 AR 7E
4.3—25.8 m [A], AR ZERIEAHZEAR K, X THRCT & AR 250 A 78 1—18. 2 m [A], AR 45 bR o328
RIBIAHZEA K,

F1 5SHHARSEBRSEIHER
Table 1 Summary statistics for 5 stand types

Fexl AFHY Age/a 2% Density/ (££/hm?)
Type s/ 5T T bRz 52N 5PN T brif 2=
Min Max Mean SD Min Max Mean SD
1 6 25 19 6.04 281 1203 506 254.47
2 6 25 19 5.43 336 1173 693 247.04
3 10 35 20 5.83 258 937 551 200. 38
4 8 35 19 5.75 251 1719 627 268. 83
5 5 30 20 5.11 238 1713 694 235.42
e 4% Basal area/cm == Height/m
KA — —
Tope B A T mEE W ik Ty 2
Min Max Mean SD Min Max Mean SD
1 5 27.9 17.16 5.40 4.3 20 12.21 3.55
2 5.5 33.6 16.46 4.46 4.8 19.6 11.23 2.74
3 7.8 35 18.08 4.72 4.5 19.8 12.31 2.90
4 6.4 37.2 18.20 4.99 5.7 23.5 12.30 2.68
5 5.3 39.5 19.41 5.51 4.8 25.8 13.42 3.16
. R 5 Under branch height/m JeEME Crown width/m
Foy
Type ok oA O R R ok i s
Min Max Mean SD Min Max Mean SD
1 1.9 14 6.28 2.97 0.65 5.05 3.09 0.90
2 1.8 12.6 5.23 2.18 1.55 5.05 3.07 0.67
3 1.5 15.2 6.92 2.68 1 5.7 3.32 0.83
4 1.2 16 6.52 1.96 1.4 6.1 3.53 0.88
5 1 18.2 7.11 2.55 0.8 7 3.85 0.98

2.1.2 JEIELH
AN INIEANE BILE 1, IWFE 1 ThF3H 5 PSSR el iE K/ N X ] (0. 65—7 m) Z [a), Hir 28
5 S e g e R, A 3,85 m, 28I 2 /R 3,07 m, 5 A2 A SO TR N 3. 37 mo 5 PR AR AR S

http ; //www. ecologica. cn



2438 A E = 334

FEOTIN 29,13 21.82 25 .24.93 F125.45 , AIEAEHAN IR IR S5 89 5340, DL 0.5 m R REE XTI A T
SR (AR E TN S RIEAR /NI, 2GR ] 0 43408 0, AR KB SeE R4 v 40 A5 B LA B ], 275 75 18
PR 0.5 B REASIT MR 4544 ) , o KT 5 m AL R 1 SRy 45 S0 v Sl i A5 4 o LI A B Ay
i, AR5 Fh B T R R/ 32 B A TE X TE] (2. 5—4. 0 m) Z 0], 73 5] i 65. 82% .69. 56% .70. 79% .
58.15% M153.21% ,/NF2.0 m FIRTF 5.0 m 3 Ak,

30 -
e
25 L m R 2
O kM3
| kA4
E I FESIE
]
g
5 15|
[= 9
=y
R
m 10 |
5L

0—0.5 0.5—1.0 1.0—1.51.5—2.0 2.0—2.52.5—3.0 3.0—3.53.5—4.0 4.0—4.5 45—5.0 >5.0
st g 4:4% Crown width class/m

1 BEADBIEERSAVEHES LS

Fig.1 Crown width classes accounted for the percentage distribution of observations for each type

2.1.3 KRN

F ARG R RIAR G TR LR 2, TR 2 WS, 5 Fh 2RI 51 8 A E X 8] (0. 02—0. 89) Z [a], & F
PR R A 0,47, Horp 2880 2 (e KR e ko 0,52, 287 3 Fe /R 0,44, X FAES A28, 2880 1 ek, N
45.32, 287 4 /R 29,98, S —FE XA T 0.1 HE AT (B T kS RIS | & 2
R AR A AR AR IR B A LA . NIRRT 5 AP 2R AL S 38 250 A FE X [R] (0. 3—0.7) Z
8], 435 b5 55.69% 71.93% 67.01% .82.22% F1179.28% , {EX[A]/NTF 0.2 FIKTF 0.8 KR Mg/,
KT 0.9 R FLF A .

R2 SHEBREBKEZITE

Table 2 Summary of live crown ratio for 5 types

eS| /M S SN FHfE i A5 R AL WL K
Type Min Max Mean Standard deviation ~Coefficient of variation Observations
1 0.05 0.83 0.47 0.21 45.32 79
2 0.05 0.84 0.52 0.17 33.33 253
3 0.02 0.88 0.44 0.18 40. 66 291
4 0.04 0.85 0.46 0.14 29.98 810
5 0.03 0.71 0.46 0.15 33.23 1028

2.2 HHRAGERAERK F 5 M50 R
2.2.1 HSHRAGNR S5 MR R

&l 3 k25 A eh o AR S i /N5 A8 ) RS o3 A R [R5 5 T et R 55 I A2 iR Ze vk [l 3 7 R R &R
¥, B E IR/ S AR SRR IEAE G, o 2R 1 e REUR K, AL S R VeSS 2 5 R
FAI A TR 5 AR — 8 P S AE DG (R S AH DG MR B0 A9 76 AT S 1 o = 0. 05 B ERAHOCAN i35, 28
1 BABRKIHICERE p = 0. 74 W RESWMEE A G, PRI I el i KI5 i 2 T B AA AR A A2 2 iy A
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LHERR,
O
35 = A2

T4 bt Percentage/%

0.9—1.0

0.1—0.2 0.2—0.3 0.3—0.4 0.4—0.5 0.5—0.6 0.6—0.7 0.7—0.8 0.8—0.9
b 24 Live crown ratio class

0—0.1

B2 BEEDBREZREUMNBHES LS5

Fig.2 Live crown ratio classes accounted for the percentage distribution of observations for each type

RH2

y=0.0799x + 1.7544
R*=0.2803

KA1
y=0.124x +0.952
R=0532

(=2}
(=}

5 iE Crown width/m

2 2%

H

£
S~
£
3
z
=]
z
22
®)
=
R

1 | 1 1 1
0 0 5 10 15 20 25 30 0 10 20 30 40
M4 Diameter/cm 4% Diameter/cm
6 e £, K24 g RAS
2 [y=01077c 1. = $=0.1063x + 1.5942 g y=0.116x + 1.5953
s 4 R=0 s R2=0.3594 5 R2=0.4268
c s 5 g 5
Q Q &)
lg O | | 1 1 1 | 1 ] lg O 1 1 1 1 | 1 | ] E 0 I 1 1 1 1 1 1 ]
W 0 5 10 15 20 25 30 35 40 W 0 5 10 15 20 25 30 35 40 " 0 5 10 15 20 25 30 35 40 45
4% Diameter/cm Hi41% Diameter/cm H1% Diameter/cm

B3 HXRBBERANNESRER=SH

Fig.3 Scatters distribution of crown width and diameter for each type

2.2.2 HFAERFSELR

Kl 4 Sy 5 Fh A B A e 2 5 B AR A TS A AT L, DT s e 385 0 e 38 5 A R/ N BRI
SR, 28 2 MR 3 B[R] DT s n] AR 45 A B P RBCERAEH /N R R 2 LT R,
AT A 4 38 5 i K/ INTCERPE DG &R | 38 A OC R BUR 30 ttk — 2P AR BIESE PR MO T4 Fh 2 S %%
R SRR G ARMAER LR,
2.3 MR A AR A
2.3.1 EbIERRY

M A AN 3R 5 M A 2R A S 455 , PR e S FARLARL (5) X e AT 8l G . T AR
AT 3 X6 e A e84 0 (4 5 M SSCHE TS AT A Ry BREATL AR N PR P i TR B AR VR AR AR (5) B 15 FAs
[l JE 2 B0 5 28 T UEA T 40 5 L (REAN 84 ATC I BIC /B4, 25 DL SCR ™) #5260, 24 F AR P J3E 7 AE
I BN [FI B E TR IE NS @, Tl @, LETIFA R bR/, AIC = 3770. 23, BIC = 3819. 25, A L%
TS BT AT BE o S i R 2 2 AR kN
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= 1.0 »=0.009x +0.3137 = 1.0 y=-2X10"x + 0.5234
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Fig.4 Scatters distribution of live crown ratio and diameter for each type
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Table 3 Parameter estimates of model (11)

240 e 28 fhiiHE 2 fhiHE S8 e
Parameters Estimates Parameters Estimates Parameters Estimates Parameters Estimates
Uy, -0.345 B, 6.2 uy -0.0091 B 2.7582
Uy, -0.1323 Bs 0.0689 U3 -0.0075 By -0.0014
Usy 0.133 o 0.3199 U3y 0 81y 0.758
Uy -0.3247 0y, 0.0108 Usy -0.0012 o? 0. 1442
Uy 0.3586 Y 0.5552 Uz 0.0178

6]1 Eﬂ 522 ﬁ%”j‘j Uy; }ﬂ Uy; B‘Jﬁfﬁ;alz j‘] uy; Eﬂ Uy; %mﬁf_
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RCV, = B, +u;) /1 +Bzexp(—,B3Dij) 1+ (@B, +uy) MDL; + ¢,
u, ~ N(O,¢,,,) (14)
& =g’ i=1,-M,j=1,n,
X ROV, AR EESS i b e j WO AR R 3, w, = (wyp,uy,) WABHIEESS @ SF 90077 A I BEATL A
N, BAL(14) FERBEPL AR BTE S ARSI (TERETRE S o, Mo, 1) BRI S50 25 Hy T 534 5 1557
(11) g 5Ea AR AR E R
F T ARREEE XA (14) #ATHH AR RIS BAGTHE (R 4) o SR 4 A, 80 1 X0 A BELAUN 241
KRR 2 R BRI, Fre /N A 5 | AT I8 BF 78 A (] A B s ELAR NS S 25 0 T, 28 1 1Sl R
K, TRA 5 (7Rt [RAEA A (14 ) X6 50 50di JEA T JN s, 73 8 A9 4518 5 175 58 A TR, RIAH
XTSRS VRS R (14) A7 05 o R TOUIDAS B8, 6 S B g FH rh ] AR RS 2R T 0 e 4 %

F4 WE(14) BHMAEITHE

Table 4 Parameter estimates of model (14)

280 fliiHE ZH fliiHE ZH fliiHE 280 fliiHE

Parameters Estimates Parameters Estimates Parameters Estimates Parameters Estimates
Uy, 0. 180 B, 0.4815 3 0.0003 B, 10. 0398
Uy 0.1020 B; 0.5494 Uz, 0.0003 By 0.0004
Ups -0.0119 oy 0. 0664 U3y 0. 0005 81y -0.989
Uny -0.0833 Ox 0.0024 Usy 0.0032 o? 0.1873
Uy -0.0085 b% -0.0681 U35 0.0001

3 FitHitie
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