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An age-based growth model applied to no-age conditions

70U Yi-qiao', DU Qun*, GE Hong-li'

(1. Zhejiang Provincial Key Laboratory of Carbon Cycling in Forest Ecosystems and Carbon Sequestration, School of
Environmental & Resource Sciences, Zhejiang A & F University, Lin’an 311300, Zhejiang, China; 2. Monitoring
Center for Forest Resources in Zhejiang Province, Hangzhou 310020, Zhejiang, China)

Abstract: Many growth models use age as an independent variable; however, many times ages are not only
hard to measure but also not meaningful, especially in an uneven-aged stand. This study used the Continuous
Forest Inventory (CFI) to test tree characteristics not based on age to determine if an age-based model could
be used in no-age conditions. Tree data from nine Pinus massoniana of Longquan County, Lishui City, Zhe-
jiang Province, China were used to build an age-based diameter at breast height (DBH) growth model. Then
DBH data was updated in the CFI for all of Lishui City. Two methods were employed: a single point method
(SP) that used a former DBH datum to estimate an age which then estimated its later DBH, and a two-point
method (TP) that used two former DBH data to estimate an age and a growth index (GI) which were then used
to estimate its later DBH. Results showed that both SP and TP had better accuracy than directly using the age-
based model. Also, TP was more adaptive and behaved better than SP. Thus, age-based models could be
used in CFT where DBH data are available but no ages. [Ch, 2 fig. 5 tab. 14 ref. ]
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FRMRA AR ZAEH R MOR | RS B8 DXIARAR 1) FE A B LA A2 o L 28 B A R AR A 25 28 0 I A [ 4
RO AR 1o B — SRR QR MR AR | A8 e B ST (R) AR A AR RS ) SR AR A B A | SF 3
Wi RREL . B 3 AR S BE I R] 728 A A R AR A5 25 DR A 2 1 R I RS i A8 A ok 2 i DA s Al
— e E A DL RO KA E AR I . XE T EMIERIRE, F4 WA Richards BLAI"2 | Schu-
macher #E713) Schnute A8 71 45148 | X BeREACE T3z W, JUHEP I Richards B8 /9 SCkAS T Hgk, &
2 RN, B AT R R AR W AR A K A G R AR L R X e X AE
BRI VESN A AR B B, I8 2 A EE R Rl A 78 B o 2000 2 AR AR o0 (R A Y L i AR MR A AR AF 2
TR . — AR RAE . B TN RIS MO R SR T A b, — M R SRR 4 0% 75 B2 A5 B A I o
5% 170 4 BRSSO IS RT3 e e RS S G S (AN S B Pinus massoniana) , “SMIRR T XA T
B R AL, A K B A B B WA RS, T A R HE A AR, E R T AR B R B AR
BRI, KPP 7 SR AN TIAT T 28 R 43 e A Eh T 0 3 A A A, BRIl P AR R el ], e L
WEM AR IER . ZRAFERIFA—E A8, X THBMARIN T, o r- s O K, BRI 58k
PR, AR E LB A BR K, S T HE K AL =42 Picea koraiensis 56 PRI ST
MR A K BRI AR EH AR S BRI, mRIA 24 S BRI . MM Z R E K 2%
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Ffr, T AE FR SIS AT DA AR A K B A SR R AR I B . B — S8k Tk G AR RS ) A ST A0 X
FRMTE IR 2238 A (LA F i BR CFI, continuous forest inventory ) 4 55 & 57 A9 4F 8 B 5 () A R BE ALY D 2 A
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AJGEBERY P 0 L] B, SRR AT A B T AR N AR AR AR AT Y A L A TR 2
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RME RGN 86% , RIRM G RH, 1M RIRMRAYAEHM E L2 A A8, P ER CFL IR R A Kt E
S IR TC A8 AR AR BCHE , WIFSE AT AR IR A A T IR AR IR 16 0L, T LA R O I A AR 8 A KRBT F
CFI 54k i) S8 30 R0 F0000 500 4% o T LA AR SR A0F 58 B X CT 119 3 G0 41 %y ) A0 174) A5 70 7 P AR R LA B 1) 2
o ARFFFERTE R B4 CFL A B E 7 AR08 B o i AR AL | T2 0 e o AR v A
RSB F CAFR IS 1Y CRLAE L, FEAHES b, FHWTVLAE T K T 8 SR T 10 5 )R A8 A B AR B0 2 37 A 4F
W AR | SRS R ZK T CFT Y 25 R WA AR B 42 S50 8 A7 A A7 i A5 180 I AT 1% 1o FH

1 MHEETE

1.1 HREREERRETE

R 7K TH ML A 7 7T 48 DG R T R W 4 25 5, AR 173 0 km?, JE E I TR K, YR, R
MW, WKFE, TR, BA W W S AR SR, AR RR A 18.3~11.5 €, P IAE H R
1 712~1 825 h, JCHHIH 180~280 d, 4FHFEKE A 1 400~2 275 mm, o SR A EE KT BT B9 nli, 1
A 0.31 77 km?,

K E R SR T O BRARUE L (Y 9 Bk 30 4F A DL L (1 R A T R BE A AR IS M A R (Y 2 S, TR
BRS04, FHTFRRIARG S, RR4UBs A SR A 3 R, JE R TT 199 kT R A it M AR B a1 2
ST 2% B AR —HE Rz AR B A R Ok R K T ZE 1994, 1999 Fl1 2004 4FEFESE 3 W2 /Y 1 614 £k A
[ 7 5 A i FH A8 0 7 T AR I8 155 0 T A L FH AR5
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1.2 AFRMEERNNET
AR O MR AT AR A% 2 AF % B HC T Xk O A A2 S 33 B A . ol AN R AT AT B o K
MaAs T S B IO P B AR Al B A, TR, B 25 e M A e S ity B A, R e SR T 199 Bk
AN AT A (14 25 Bz i A ———f7 B g A B a2 S e 4 S 1
D, = 0.647 804+1.062 780D, (1)
K ()H: Dy Rl B lte, D, J 2B, B e 9P 2 i de s WLk 1,
F1 OB AKRERIFHMELHE

Table 1 Age and average DBH of 9 analytical trees

R fa F B A fem ilf B 4% fem R fa F R AR fem i B A fem
1 0.00 0.00 16 9.27 10.50
2 0.00 0.00 17 9.96 11.23
3 0.00 0.00 18 10.61 11.92
4 0.20 0.86 19 11.22 12.57
5 0.61 1.30 20 11.74 13.12
6 1.34 2.08 21 12.21 13.62
7 2.31 3.10 22 12.68 14.12
8 3.23 4.08 23 13.08 14.55
9 3.85 4.74 24 13.44 14.93

10 4.67 5.61 25 13.80 15.31
11 5.36 6.34 26 14.22 15.76
12 6.07 7.09 27 14.56 16.12
13 6.93 8.01 28 14.93 16.51
14 7.69 8.82 29 15.22 16.82
15 8.48 9.66 30 15.54 17.16

PEPE Richards B AUAE A -1 5 R AA IR 78 A KA
D=m(1l-ce™)*, (2)

KW DWFEMTE, A RER; m, o, r, k ATFERE, Hrhm HEELS8, R4
KA BRIE, S50 c WP 1 2Bl BpAE i iy 22 i &, MR = B 1.3 m, PRLAZAR &
SR, SO g T M S o R R AR R AR KR B, SRk WP T2y S YA A i AR
Richards 5258 (1) B A~ S HCER A A= W 2 R E R0 i R B I R, IR 1 A B R AR &bl i/ —
Pzt () WS, S5RIE 2, MIHARIRIRIER S 0.119 6, JUE RER* 5 0.999 6,

% 2 Richards MZAKRBNELER

Table 2 Fitting result of Richards DBH growth model

240 fliTHE SRR 22 SR L ) R EU%
m 20.717 4 0.397 5 1.92
c 1.174 7 0.026 8 2.28
r 0.081 8 0.004 7 5.75
k 1.792 0 0.154 8 8.64

1.3 BERBBATEERER

SR AL RS T FOSURAG T3 2 Bl D7 ik EAT IR 9E o B R0 T i 2 R 0 i — S0 M A il £ 3 L2 4
By, PSR AR B (R RURURS Tk 2 AR i P 400 M A Rl LR R A A TR 4, 5 B A A B
WA RKIRE, SR TIN5 301 A B 42 BRI 1
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1.3.1 Fa4itk WRTARARAER MRS (A, D), FM N Ap=A+AA, D), AA N2 K
PR BEI, AA R D, BRI, D, KA, AR AL, DMK ()G,

1
Aw= Tl [1o (P e |, (3)
- -

RARK(2)F

Di=m( |—ce i >)" ) (4)
o (2) R P Ih, xFFAROkR UL, AMETFHLZ I, AMETFHLZT, ANEELEK
TWEL ., M D, KTHHEL m i, ARG, XIREFHL, N THRIEXG)AEM, Xt 1614 #
[ 2 AR AR EA TR 50, SRR T AT T AR 92 K, FIR 1 522 #R A TR AU, T 9 AR AT AR
It 0 B AR 2 AR SR, T LA AT A T ICAR 8 T3 . 5 FH 20 200 B ke A AT R 1 25 g o 42 48 B 1t Bz e
7, SRIEHAE O MBS A 3 NI A —4L, i2h Dy, D, 1D, A 210 41, WL,
BRT 94, FF 201 4., HEERATER, B 5510, H 1994 4R 8daAhiT 1999 4EH 1999 4F 11
FAEAG T 2004 4F R ECHR T EC S, T 1994 45 B 5CHE A T 2004 45 19 B0 B B 10, AT A B s T
W18 2, MDAk D, 5D, Al Dy BFEC L, F DAt DB 2, S5 LR 4,
1.3.2 A EAfEHFE BFG) RAR T BRI WP AEMIC R, WA WA T 4b (1 57 Hi 5
MR A B s RS RSN R, NEEXEHE ) 5l AE KIS L (growth index), k)5
(AT Ry

D=ml,(1-ce™)k (5)

TG AT 15 100 1 B0 s Ak TV R AR I T 2 B0 A 1 B A B S AR IR AR Y A RIAE AR o, PR BRI AT Y A
L A (] BRI AA DA R A KRB T BAREE 3 W B A BREE 1 IBUE A (AL, D)), A 2 RO
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SRR 22 E AR
R=( Xy,= 2901 25 x 100%, (14)
AR R
E=L S (X7« 100%. (15)
n ¥y
S-S5 AF T 15 25 4 X {1
E=L S 1575 1000, (16)
n y
i RS BE .
P=(1- : ) x 100%, (17)
Yn

RAD~AT) Py BEBFE; 5 W 0 REARL, 1 WERE KT N o WE 0 T y SR
i, y AT,

2 BERGHHN

21 WHZR

DR g i M A R AT AR, BT AT DL ECH I S (2) R Al B, AT O R Ak A A S 55k i 422 O ¥ ikt 2%
JE 9 201 2O Bl S R 25 R AR 3,

R3 HEERFRTENBIAREMGETER

Table 3 Result of analytical tree data with age directly

FEIMR ¥ E A R

Wattfem ~FILPME/em S MITHE/em PR FIRIREZE MOCRE BAAXIREL ARG BE 1%
W%  FEURE %
D,(A) 10.51 10.64 0.13 2.852 0.804 4 -1.23 2.49 21.28 96.30
Dy(A) 11.15 11.27 0.12 2.949 0.776 8 -1.07 2.02 20.37 96.38

UL Do(A)Fom I SEBRAERE A A5 Dy, Dy(A)Fom HSEBRAERE A 51 Ds,

P R B A% R T A 2 I ) 1 522 ¢ 18T 72 A A B A1 201 LA A A S Bl dha 1) B A 1145 SR I3 4
x4 BRfEitETEER

Table 4 Result of single point method

W f e TR T L TR BRI AR BB G
{E/em {E/em 22 2% WE%  EUIHI% %

Do(Dsy) 11.08 12.34 1.26 2.034 08195 -10.18 -11.71 15.38 99.17

FEREAR 1522 Dy(Dyy) 14.91 1.83 3550 05552 -1224 -13.63 21.09 98.80
Do(Do) 108 13.95 0.87 2,194  0.8577 -6.20 -8.24 14.18 99.21
D,(Dy) 10.51 10.49 -0.02 0.308  0.997 9 0.19 0.33 3.29 99.59

filt BT A 201 Dy(Dy) 11.12 -0.03 0.568  0.992 6 0.26 0.17 5.15 99.29
Dy(D,) e 11.14 -0.01 0305  0.997 9 0.09 -0.19 2.74 99.62

P . De(Dey) 7R Hl 1994 4F AU K0S A1 1999 4F 1%kl , HAx 284, Do(D,)F s 1 D, A&,

FHA R 1 614 Kk [ 2 B A B A1 3 20 19 1 522 #REIE , 438 210 40 % H7 A B 0t B S = iy
201 U s H FRSAS T, g5R LR S,
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x5 WMREIHHEITEER

Table 5 Results of double point method

FEA B Ty SEpR T4 Pl Achn SAARXER EA E AR AR
e S W fem TR o HIKRK . '
7S {t/em {ti/em i 2% %1% X% BEUIEI % %
1614 13.91 13.47 -044 13171 09704 3.28 3.65 7.26 99.52
[ 5 B A Do(DgiDoo)
1522 13.08 12.65 043 13176 09537 3.39 372 747 99.47
210 11.62 11.64 0.02 02067 0.999 2 -0.12 -0.26 1.80 99.75
fif AT A D5(D\D,)
201 11.15 11.22 002 02099 09990  -0.14 -0.28 1.87 99.74
VLW . Doy(DoiDoy) F 7R HI 1994 FiI 1999 4 (KL HE Al 1 2004 4E 5 , Dy(D\Dy) F R Dy, D, it Ds,
22 HERHOW

B GRUR M EL S, BUR IR 2 A8 B iy 172, HARE TR R 2 BUS A KiEftm . 2K,
XA FR)RS JRE 2 LGB A o KU A T B4 B RT 15% 22 11 ARG 1% 22 9 48 XS EL X /N T 4%, B B0 R Y
AGinZE, KW T — BN R EE A T 0 BAR XAR 22 AP AR IR 22K T 10%

PR AT AR H R A0 B AR % | PR OO A R, B URDBURE B8 T A 48 AR 40 EU B 42 P A % ) 2
R Z, B RUMIBUR L, RS L B R B

FRAREEIR R[] B S0 R AR R L IR B R A s

K1 9 BRARST AR kAT R Z 0 I, BEAR AR S, DA 22 . MBR M, KL
SAGTER Dy(DiDy) B 5% 22 fe R AL, BTt Do(Dy), Ds(Dy), Ds(D)IRZ, BELEEAARS M2z,
B 6F A ) B8 AT A A7 ] ) R LR 22

P 2 g 1 AR AN [R) D7 i At i 5k 22 20 A 18] o USRS T BRI Doy (DouDoo) BT FAE BB 2200415, HR
RO AT Dw(Dy) , D99<D94)‘{j'\z, Doy(Doy) 272 , 55 I 1T A 2 AT — 2L

3 Hw 5t

Hh [ AT e AR 2 AT AR 2 KRR | B HL A AT LU T S AR Y Y LA I8 A 9 — SE R | RER
B o ASHETEAT AR R AL 2 T 7K T B — 1 S5 9 B 0 B g A e S i, (B T RS T K T A v AR
MRBT IR L2 18 A (CFL) B dla A BT Al 3, HBUS TR SR ARTITE RERM, A 4RI A KRR ]
LASE P 20 J0AF i (H A 552 I 4 K0t 1) CFT Bl (9, 300 A T e B K i CFT K08l 2847 A0 bR 58 50RO 5
P HA B A

A AR A R RN AT U T JOAF W8 (B A B 52 00 i p 5 00, T ELRG 2 L 4 P A AR IR R T g
Hh—AHEM IR, AR T2 R SRR, SRR AU AR A5 3, [R5
AL | SRR BN R SRR N RIZESIER, iR ORI, XSSO 7
B — A RIR R, ERER ISR AR ROR B . S HTHT 1S Eods (CBRR) BERT 2 AN EUE (BURD) B4 A4
7 ST B S s AT LA AR BB AA (L, 30K 0] SRR AR P00 ok 35 S An i

MR T T — AN KA, R EERGE, RIIN IS RO S A AN AR B R T £ N T 1
TR IR, AR5 T 2 2R 2 o

F AT R C M — A SRR RLBEAT BB A, (RS BE R, S b B >4 S (R T
LRI AT R IR, ASHIETE P IR T AR DR T L A R, TR S BR TAR R R AR AN SR A Y
PR g T Ao Al 2 st A R ahs A

SEHk .
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Figure 1  Residual images with different methods of 9 analytical trees
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Figure 2 Resiclual images with different methods of the permanent tree data
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