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A height growth model for Cunninghamia lanceolata

based on Richards’ equation

WEI Xiao-hui, SUN Yu-jun, MA Wei

(The Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry University, Beijing
100083, China)

Abstract: To establish a height growth model for Chinese fir (Cunninghamia lanceolata) on a Chinese fir plan-
tation in Fujian Province at the Sanming City’s Jiangle State-owned Forest Farm using Richards’ equation,
field survey data from 15 sample plots were used to simulate the tree diameter-tree height curve, the tree di-
ameter-cumulative tree number (%) curve, and the tree height-cumulative tree number curve (%). Then data
were analyzed with distributive rules for stand relative diameter (dr) and relative height (hg) using statistical
software SPSS 20 for P = 0.95. Results for present stand structure were r = 0.993 with parameters A = 28.606,
B =1.094, k =0.031, and m = —0.466. These parameters’ estimated values were fit to the Chinese fir growth
rhythm. Richards’ growth equation could greatly improve forest survey indicators for tree height simulation and
could provide basic data to help achieve optimal allocation of forest resources. [Ch, 3 fig. 3 tab. 30 ref. ]
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KB NT I, A Cunninghamia lanceolata TR A A A AP F A A G TR R
M X, BAERM 7 BRSO R, 2 B R AN T AR & 00, RS i b B A2
AW 1R BE S Bl TAE 2 g ) A SR B8R, O S AR AR B IR ) DL AR I B A R A 200 . Richards ZE K
T REEA ) Z R E I, BEAR G HBIR AR AE RK AB BE, ERUH S5 5087 T Richards pRECAY T B PE
O HEA 5 B AT PR R G ) IO . CIRCR S B H ARV R Larix kaempferitR o3 AR BHEST T
Richards A=K7 #8, N W HAG I PEL, WUAGROR R4, WEHTA kR, £ BN Richards #7
PEAT T SRS IR BRI TR RLAG B, A OO B B A ROR IR B, & W APEBGE . Richards A2 K5
AT DUAR B HbOKS B o A Fl R A8 g o T 3R 25 SR8 B 14 Populus tomentosa, 24U T& M A Larix prin-
cipis-rupprechtii, FIFEL Robinia pseudoacacia FIPE LA Pinus banksiana WA FTEL, #R1T T Richards 4= &
TR EEYE . HAT, AR BB SED A R N TR R E i ok b R AR = A TR
B, AW IR AR = WITTR AR FA I AR MO BEEN 4, %3 Richards Az K7 B X AZ AR i A
TR TG KT L

1 MHET &

1.1 ZRXER

SIS XA T AR N R B AR E A MR, B AR B T AR LTS, 26°26'~27°04" N, 117°05'~
117°40" E, MiAbRFINMKARREH, i, ARy 3, Fem BB v 14K 1 620 m, & 2 #4GHF 2= KUA0 M
LA PR AR Bl S A o, ARSI N 18.7 °C, 4EREKH 1 672.3 mm, JCRW) 273 d, BENAIR
B, EREMEH, &RBEM, FREED, AR, R ERAR LAl s R B4 1 1
gty BARB R 6 N IS W M4 A LR, BN R, P oK A iy, Rk
KRB 38 S0 X B A A R H A2 R AR B ARF BEAR R 2 38 23 Fh | Hod $2 3 Dicranopteris dichotoma
N, AWM TR 16 F, HAMMEE Ficus hirta 3 iz, EAMTEH AR 7
Ffr, HA ARG Z . ARHEIE R AR E 2 b 35BS BA AR B IR R O 2, Dh e AL R e 32 22

PRI | A ASERBE TR R PERDL S R R 3 R AL 1,
F1 EARAIMKRESHER
Table 1 Chinese fir plantation sites situation
AE I fa G A X R e i ol 211 B A1 BE

5 KR BT SR N TEA3 DR 0.2
5 KR W 7 A 0N 10 2K 0.2
13 VNERE) e FUMR =) 10 A 0.7
17 TR A AR EA 10 iZ A 0.9
18 KB A FE R £ 5 KAR+5 R 0.5
18 7K R 75 K IR A7 10 fZ AR 1.0
23 KR TR F bk GIN 9 K2 AR+1 LR 0.8
24 KR A A N 10 A 0.8
24 JER A WA 7 A 5E ) 10 24K 0.7
27 KR A WA 27 AR A 10 A 0.8
32 PIEELT) A AR A 10 FZA 0.8
33 KB A FE AR £ 5AR+5 LR 0.8
30 KRR HAE F =k N 10 K 0.5
36 PRELD) e AR &l 4 10 A 0.8

38 K FE A T FE 7 R £k 10 2K 0.5
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1.2 EEWRITSEFMFERE
121 SE30t  ESCH XN T RARYEEUE 7R WEAR | R IR K IR BEE AR MERL . A2 AR N TR
HEHL AL 15 B (3R 1), MR A by b AR 00 FIVAZ AP T 4B B 19 22 A R V00 DR A 2 s v b T AR s o4 3 e R
A 20m x 30 m, I/PNH 20 m x 20 m,

122 AR ERIE AL A m TG AR S5 46 D 5 00 Bm o L . 6 b PR X B R AR D0 A e MDA L
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L 7 5hE A . MR A AL R A Figure 1 Diameter-tree height curve
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Figure 2 Diameter-tree number accumulative curve Figure 3 Height-tree number cumulative curve
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2.1 Richards A KA B ZER R EYFHFE

2.1.1 Richards £ K77 ey 2 PR HIRAERK IR LIE— 2 B DR A A KA, R A DR
AR B AR A KRR BT DA 3 s (] AR AR B R 100 Richards A2 5 F2 " H von Bertalanffy 4z 4 B8 7 #2129
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2.1.2 Richards £ K7 A28 £ F4F M Richards K ITBSHEA, B, k, m ™, A>0, k>0, Ht.
A BT BRN R AMEIRARE KR KIE, S8k SRARERKEEHE, RERAMERKER, 28 m
HEBMERIERA R, e SaiE, SRR SIS B % UM ¢, ) S0R i 3
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£ 2 Richards & K AFEAEL FS5HEMAEKAFEZ BRNEHR

Table 2 Conversion between Richards growth equation and other growth equation in theory

SR A B Ty A 2 ik 20 M LR 2 M T
1
<0 y=A(1-Be®)'™ | A, B, k>0, X% Richards )7 BEARFEAEE 5, (BN A WL y=A K 50 W00 5E 45 1, A W
A A B RAE
m=0 y=A(1-Be™), A, B, k>0, ¥4k Mitscherlich A& 5 &, A #ELk y=A , (L& H5FXRIFAED 5,

1

0<m<1 ¥=A(-Be)™ A, B, k>0, iJE Richards # KL (4 B=1 HAT =0 0, y=0 99086 & 4F), ATJH TR
AN KL, AR A K BT T E R R B

y:Aﬁ“MLB,wmo%wwcmmmiﬁﬁﬁ,ﬁﬁz%ﬁﬁﬁyﬂwy%oE*:A%wxiﬁmmﬁﬁ,

m—1 A
At o= DBy oA e ks (§) <Ak
1
y=A(1+Be™) ™ | A, B, k>0, W7 BEFRH Logistic B, 4 m=2 W1k Logistic 777, Hl y = A (14Be™)™, f77E 2
w1 REEES A Wymy, o HOP A RRORE KRBT, A — Bt i =By = A e ok o

oy d k
%ﬁhﬁkjgra

MRS . ST HBRE R, PR | MORE EEA DGR R, HAKES X S50k BUE /N ok . MRl SF
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Richards Az & 77 F J2& MR g AR M I A AR | SR SPSS 854l 42 1 43 B 844 K Al 11 Richards #5784 (1)
ZH, HSHem &R E Mo . o th 2l it wiE, ek S4UE . A=30, B=1, k=0.1,
m=0, >KJH SPSS 20 4 ik {4 B 82 Ak 1) 22 %5 4% (Marquardt) 354015, 28 24 2536045 2 Richards J7 2
S HAE I WL T % 3,

1
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Table 3 Height growth model y = A (1-Be™) '™ of Chinese fir parameters estimated value
ZHAGTHE 95%1 B A7 X [H]

28 SR A A i E AR E LR
B LB
A 28.606 1.164 25.858 33.040
B 1.094 0.018 1.053 1.129
k 0.031 0.006 0.010 0.034
m -0.466 0.225 -1.342 -0.451

AH R FE L R?=0.993, 5% 221 J5 Fl1 (RSS)=6.932, 5% 2377 (MSE)=0.289, M & A KA iy o (0B
B, AR R A KB R] , MER 3 AT IR KA e A AR LA 25

y = 28.306(1-1.094¢°%!)
3 #wEREYE

Richards 77 2 B b5 35 2 B 09 R P FIE S BOBSRURT B, DG, AR 4 A BE T vh BAT Tz B9 A
ARG P A1V 2 B AZ AR BROP AR S | MRS | MR RO, SRR 22 O MIgEAT RS BE 20 B, 0 16 1 Richards A2 K
TR TR RS E, BT AR A R 1 98 & 8o, 05 28 Hh 45 B 89 Richards A2 KT RS8R



55 29 45 5 ) BRI . JET Richards J5 F2 B R2 AR g A AR Y 665

i 2R S B AR A, DRGSR s SR B MR a0 A KRR

PR3 0 TR o 6 PR 53 45 1) NS00 A% AR B B b A A E T . SR 3 Richards 57 B X A2 AR i 24k
KRB 25 B nT T, 28 A=28.606, B=1.094, k=0.031, m=-0.466, i/ 5% m<<0, A, B, k>0, X
% Richards T REANAFES S, (BAAEHEL y=A, A BWARAERKOW KM, H25 THARKA KL, i
LILREMT B, B2—FELn “S” T, BEAR G i 9] 16 Az K s S5 PR A2 AR i A K A
S m B RS BRIMERIE ARG, JoE P&, A= S E SRR R AL /E ARG,
B A KB AR AR KB, R 2 0<m<<1 i}, Richards 77 FERIIR A 4L KA HA EY)
RS0, ARAESEBRIUA B AT AR BRI S EUEALF G A5 5 SO m<O WIS B0 . ASBF ST B0 A 1=
A RBAISH m=-0.466, Richards ZE KT RSN SEEE G, HAFGEARNARKME , X HE A
SrEAs . BN A RIS AR TR X,
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