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thinning, this study used the measured data of 36 Cunninghamia lanceolata plantations plots and the climate data in
Shiyang Forest Farm, Jishui county, Jiangxi province. Through the biomass growth equations with the site index (SI)
introduced and the 3-PG model, the biomass of the stand was simulated and estimated, and the forest stand biomass in
different sites was analyzed under the condition of thinning and non-thinning from 0 to 50 years. The results showed that;
(1) The biomass growth equations were constructed, and the site index (SI) was introduced into the parameters a, b and c.
It was found that the improved model had higher fitting accuracy compared with the basic model, and the logarithmic
likelihood ratio test showed that the improvement effect was significant ( P<0.05). (2) Through the verification of the
prediction accuracy of the 3-PG model, there was strong consistency between the predicted values and the measured values.
The determination coefficient (R*) of the linear regression equations between the measured and estimated values of each
factor ranged from 0.65 to 0.96. The R’ of diameter at breast height (DBH) and tree height was higher than 0.92. The mean
relative error (MRE) of each component was less than 26%. (3) By comparing the biomass prediction of the empirical
model and the mechanism model, it was found that the prediction error MRE of the empirical model was 16.50% , and the
mechanism model was 23.52%. The prediction accuracy of the empirical model was higher. Further comparative analysis of
future predictions showed that the estimated value of the mechanism model was higher than that of the empirical model. (4)
The trend of biomass of Cunninghamia lanceolata plantations simulated by the two models was consistent, that is, with the
increase of forest age, the forest biomass showed a trend of rapid increase first and then gradually stable. Thinning would not
change this trend, but the biomass growth rate of thinned stands after thinning was higher than that of non-thinned stands.
Furthermore, due to the significant impact of SI on empirical models, the improved model has better fitting effect and more
ecological significance. The parameterized 3-PG model has high prediction accuracy and can provide a basis for the study of
the growth law of Cunninghamia lanceolata plantations in Jiangxi. Although both the empirical model and the mechanism
model have good performance in predicting the biomass of Cunninghamia lanceolata plantations in the study area, they have
their own characteristics and limitations. The parameters of the empirical model were easy to obtain, and the R* and MRE of
biomass, basal area and average height of forest stand predicted by the empirical model were better than those of the
mechanism model. However, the model had better evaluation effect within the modeling data, and had limitations for
applications outside the modeling data, that is, the empirical model is more suitable for simulating the stand biomass at a
certain stage during the growth period. Although the mechanism model needs more parameters, it considers the ecological
principle and makes up for the deficiency of the empirical model. Tt can better explain and simulate the influence of
environmental factors on forest stand growth, and has more advantages in predicting stand biomass in the growth stage other

than the corrected data.

Key Words: biomass growth equations; 3-PG model; Cunninghamia lanceolata; thinning; stand growth
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WS FEACTR A R A0 A A B 2 ORI SE o AAREAS TR BEALAN I 25 BorE AR S R A (BRI FE
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AWF5EH,3-PC AR ISR EIE R B 3 MBI, o S mii A YRR B R H
B R UR H L ROK IR R 22800 ok 1 AR 8005 M 1981—2010 4R 5 8045 % H B 48 Hh 757 7K sl (%) 308 I 45
3 5 I BH 4R GBI 22 XA 7T ) 5 KA CO, MeBE B Ok 1 BUR T AR Tk % 17128 51 43 (TPCC ) 19 RCP 4%
Y& (http ://www.iiasa.ac.at/) (£ 1),

F1 HREK 1981—2010 ESREFEHE
Table 1 The mean value of meteorological data from 1981 to 2010 in the study area

A ¥ H ¥l

ARk

K or PN KR
(' mm/month) (d/month) temperature/ °C temperature/ “C (d/month) (M) m™=d75) deficit/mbar

1 79.3 13.6 10.2 3.7 5.0 7.10 0.27
2 112.1 15.3 12.5 6.0 1.4 8.62 0.31
3 184.9 18.9 16.5 9.4 0.4 10.97 0.42
4 232.1 18.7 23.1 15.2 0.0 14.00 0.66
5 220.2 16.6 27.9 19.7 0.0 16.45 0.88
6 260.1 15.4 30.8 232 0.0 15.00 0.96
7 118.3 10.4 34.7 25.6 0.0 17.10 1.35
8 136.5 12.6 33.9 25.0 0.0 15.81 1.28
9 85.3 8.7 30.0 21.7 0.0 13.00 0.99
10 69.2 8.1 25.0 16.3 0.0 10.65 0.79
11 71.8 9.1 19.0 10.3 0.1 8.67 0.57
12 48.1 9.0 13.3 4.8 3.9 6.45 0.40
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T2 MARKAI®IPGIRESH

Table 2 Parameters for the 3-PG model for Cunninghamia lanceolata plantations

24 e H K
Parameters Symbols Values Sourses
St 2R K 5 R P BE Allometric relationships and partitioning

4% A 2cm BT i Foliage : stem partitioning ratio when D =2cm P, 0.45 A5
4% g 20em BB iE L Foliage : stem partitioning ratio when D=20cm Py, 0.50 N

T 5 AR R 5 2 H 4L Constant in the stem mass v. diam. relationship a, 0.19 ENGIS
T 5 42 A FEHE B Power in the stem mass v. diam. relationship n, 2.05 PN
EHRIHA 7= 71 (NPP) 43 e B AR A9 B K L 5] Maximum fraction of NPP to roots ure 0.45 N

NPP Z3BE EH 1985/ H 491 Minimum fraction of NPP to roots Nn 0.059 ENGI
7% W) KR B %% Litterfall and root turnover

e R 7% 33 % Maximum litterfall rate Vix 0.03 B35 ,2008
MR H 0 BV R Litterfall rate at t=0 Yro 0.001 B35 2008
I 9% 3R 3K 1/2 BEAKIE Age at which litterfall rate has median value Lk 96 XIS, 2008
A ¥R JE 4% Average monthly root turnover rate Yr 0.015 RFGE
8B JH T Temperature modifier

H K FAKIRE Minimum temperature for growth T, 3.7 KL%k

H K FOE IR E Optimum temperature for growth Ty 17.6 KR

A K3 R Maximum temperature for growth T e 34.7 SR

HE IR Fertility effects

AE 124 0 B m B{E Value of m when FR=0 m 0 LS/
AEF14 0 B N BY{H Value of N when FR=0 frvo 0.3 S, 2008
(1-FR) Xt N O FEHE 5L Power of (1-FR) in fN gy 1 XI5 2008
MBI Age modifier

F KM Maximum stand age used in age modifier t, 50 BRMiE

ST AREE XS fAge FUREFEEL Power of relative age in function for fAge Mo 4 RIAE
fAge=0.5 I AHXT MK #2 Relative age to give fAge=0.5 Toge 0.95 NN

He T AR Specific leaf area

W He T R Specific leaf area at age 0 o 8 BT, 2008
PR TR Specific leaf area for mature leaves o, 3.7 XA, 2008
FE T B (SLA+SLA | ) /2 BEAEE Age at which specific leaf area= ( SLAO+SLA1) /2 ty 6 XA, 2008
JE#AR Light interception

PRI MO A A7 354 5 BT 6 R B Extinction coefficient for absorption of PAR by canopy k 0.55 EN T
WEEABAII #REE Age at canopy closure t, 0 RINE

He 7= I Production and respiration

)2 B A% Canopy quantum efficiency g, 0.028 NG
FRIRE = 31/ ML= J1 ] Ratio NPP/GPP Y 0.5 NN
$4 N T Conversion factors

X K AR S A9 422 8%, Intercept of net v. solar radiation relationship Q. -90 L 7N

XiF K BH AR 5 #9412 Slope of net v. solar radiation relationship 0, 0.8 LN/

2.2.2  FREAKE R SIE

K FHASERY SR # 5 5 DU AW =22 T) Zhe M (0] 05 5 A2 1 Do R (R? ) 348 XT38 25 (MAE) P 24 A1 %15 22
( MRE) R VPAG R By 500 58 7
2.3 HHAEYERITHA

ARSCR HIEARAE Y R R SR A2 AR) % T VLS A AR N TR A P i B8 TR AR A )
i, AR R A Y
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F T ST AR A A i A K R B | 7E 3-PG B X & MRS TEARIR A 10a 15a B 15 B30 B R
30%1E) AR (AT,30%) , -5 TCIAAK (NT, 0% ) (15 B0 047 %60 BR AR 43 0—50a 19 A4 Kad A8, 2 ] AR 6 42
AN TARA: Yy A= K g5

3 ZBREHSH

3.1 T AR R IR AR E A
311 A SEA K IR

P A M R 7R BRI RIS R0 5| A AL 18 %5 ST 5 SR T BRI AR LU ARG 36 | o o i i A 180 ) 400 2 A0
EATRESG A 50 S ) 0 B AR R 5 LR R A LA R R, R R ST R AR R R B
ES 2R

ZERFN  SEREA R AE H , B A Mod_Be . Mod_Bbe . Mod_Bac . Mod_Babe B AIC i T LRl 45 AU |

logLik 5 F 3L AL s MBI LA S0 & , 51 ST AR it B T JE R ( P<0.05) (£ 3) . R
Mod_Babe /Y LogLik KT Mod_Bac, {H3H % &N T S 808 K W& 240k, BT RS AIC 1A BUE A R e 40 3ok
FHAEEARL R R B Mod_Bac A BUE R 15 B B EAADIE A KIE Mod_Bac ALY TRNNRS B2, & 2L R* 4 0.86,
MRE H1 MAE 23519 16.50 F1 14.97 , TA A4 50 T30 55 A -

IS

R3 EYERIERBESRITE

Table 3 Biomass independent model fit statistics

- KEIERJE Correction precision THPIHGSE Prediction accuracy
Models R? AIC LogLik e LRT - R? MRE/% MAE
Mod_B 0.997 125.319 -58.659

Mod_Ba 0.997 125.552 =57.776 1.766 0.184

Mod_Bb 0.998 124.438 -57.219 2.881 0.090

Mod_Bce 0.998 122.329 -56.165 4.989 0.026

Mod_Bab

Mod_Bbe 0.998 118.213 —-53.106 11.106 <0.01

Mod_Bac 0.998 118.095 -53.047 11.224 <0.01 0.86 16.50 14.97
Mod_Babc 0.998 119.436 -52.718 11.883 <0.01

Mod_B 42 B fl BA H (3R Mod_Ba Mod_Bb Mod_Bc Mod_Bab .Mod_Bbc . Mod_Bac Mod_Babe & {EFERIEIAI B EL o b .c B A SIS
FRERE L, Mod_Bab NS ; 45 i P2 o AR B3 . B3 (P<0.05) A3 (P=0.05), R*:JE R EL determination coefficient; AIC ; 73l
FEMEN Akaike Information Criterion; LogLik : X ¥l #X (. Log Likelihood ; LRT: Xf £ Bl 4K LA 45 likelihood ratio test; MRE ; V- AH X 1% 2% mean
relative error; MAE ;323115 2% mean absolute error

3.1.2 bR b e U R RT3 v AR K R

A AR 53 L ) v DR T BRI 2 e 2 KO R IR E S B g L ST, 55 3 a5 B A HE, el D BRI R 43
$EE T 0.141 F10.233, AIC IR FEERBBIAY , LogLik WA o 2 52 &1 s XPECRISR HUAS B0 245 SRt 3 B, oo df A5 0 Xo)
TEEAN RS R B BT (P<0.05) (R 4) o XMW ULHT, 37 25X BA 1 H AR KGR 10 450
Wi, MRS AIC AYIR(E , 2% H] Mod_BAabe F1 Mod_Habe 520 5iI/E Ky BA Fil H B4 13 B L B63E Mod
_BAabe \Mod_Habe 5 RIFINAE B2 , 25 307, TN {F 5 500 =2 [R) e ik [l 9 5 # 9 R* 4351124 0.76 11 0.94, MRE
I3 51H 9.86% F1 10.36% , MAE 43511 3.47m?/hm*F1 0.96m , F 5 T ek S5 4
3.1.3 MG AEW A

28 3.1.1 F13.1.2 BERIPPAN S5 SR U 1 R AT S 35 38 s ) R e A R A Ry de e AR i 2R KO e, B
XEERIRIIEA TR A it A 5 (X 8—10) o AL A A8 A A2 RN TARE AW B BEARES (A) Z [H] 948
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SRR (& 1), BEARIE B3GR EE S Y23 < 3 I B SR IR 18, i Jm Bl TP A EAT Rl AR e i
o (57 5 RS e , PR O3 AR B | ELREE A 0 RO R, 25 M (S48 R A W 2 ] 19 2 S AT I e 5

x4 HHOAMMBHEARMKS FHTERFESBUAER

Table 4 Results of parameter fitting of the stand hectare breast height section and stand mean height growth equation

FEIEAHE Correction precision THIMRS BE Prediction accuracy

FEAY LRT

Models R? AlC LogLik 2 P R? MRE/ % MAE
Mod_BA 0.706 158.283 -75.142

Mod_BAa 0.740 157.236 -73.618 3.048 0.081

Mod_BAb 0.836 145.731 -67.865 14.553 <0.01

Mod_BAc 0.765 154.747 -72.373 5.537 0.019

Mod_BAab 0.841 146.956 -67.478 15.327 <0.01

Mod_BAbc 0.840 147.087 -67.543 15.197 <0.01

Mod_BAac 0.769 156.250 =72.125 6.034 0.05

Mod_BAabc 0.847 147.967 -66.984 16.316 <0.01 0.76 9.86 3.47
Mod_H 0.756 165.554 =78.777

Mod_Ha 0.988 58.354 -24.177 109.2 <0.01

Mod_Hb 0.982 73.453 -31.726 94.101 <0.01

Mod_He

Mod_Hab 0.986 66.329 -27.164 103.22 <0.01

Mod_Hbe 0.913 132.442 -60.221 37.112 <0.01

Mod_Hac 0.983 72.704 -30.352 96.85 <0.01

Mod_Habe 0.989 58.745 -22.373 112.81 <0.01 0.94 10.36 0.96

Mod_BA J2& BA— A 3L Mod_BAa Mod_BAb .Mod_BAc Mod_BAab Mod_BAbc ,Mod_BAac ,Mod_BAabe J& 7RI RIS o b ¢ 55|
A SI G B BERL s H—A TR Gy £ 77 3C1R] L s Mod _He ANISSH K ik 25 PR 5 b RIS 1 3. 10 3 (P<0.05) R i3 (P=0.05)

B - (0791 _ 0018 X SI) % BAI.O37 X H(0A436+0A016><SI) (8)
BA — (4868 _ 0526 X S[) X (1 _ e—(0407+04022><S]) ><A) (14.68-0.65%xSI) (9)
H = (_ 116 + 1.56 X SI) X (1 _ e—(0,08—0.002><Sl)><A) (1.19-0.0097xSI ) (1())
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Fig.1 Relationship curves between biomass and age of stand with different status indices

3.2 BT 3-PG ER AR A W R A

3.2.1 BRI

FREREAARAS B AR v A BN (S S DML HEA T 1A 08, 2R, & N1 R T
0.82, HrP 2 R* 5% 0.98, 2 K1 MRE YJ7E 28% LAY , e W 5 AL S 400] LIRS 19 4805 R s A=

http ; //www.ecologica.cn



3510 H

&t
B

#H 44 %

PRI

PR AR AR ML A RSB S S BONEE 5 A2 AR A2 B2 R A BRI | AT R[] Fsf 70000 36 i
FEATEAE R B A A BRI AR SR SRR A Tl SRS R R A S A A (2 18 A
AR BIAR G, I AT R 789 R*AE 0.65—0.96 2 ], JUH - 3 i 42 AP 2 i 9 R 2485 T 0925 45 119
MRE ¥J7E 26% LA, R, 3-PG BRI BIFFE IXAZ AR N TARAY A= K B BB A B SCR B R4, L3k 5,

x5 WMENTMLER

Table 5 Model evaluation results

K Accuracy HiifH Statistic R? MAE MRE/%
e ERG B W42/ cm 0.98 1.39 13.52
Correction precision e 25 I 16T AL/ em? 0.82 7.14 20.87
R /m 0.96 1.22 14.13
FAE/(1/hm?) 0.85 16.18 27.30
BAEYE/(/hm?) 0.85 22.08 26.10
FERE/ (m’/hm?) 0.85 35.77 21.66
TomAs Mt/ cm 0.96 1.58 14.67
Prediction accuracy e 3 W T B/ e 0.65 8.59 24.42
R /m 0.92 1.14 12.33
FA:4 R/ (vhm?) 0.81 5.16 25.61
BAEYE/(V/hm?) 0.81 21.33 23.52
ERE/ (m’/hm?) 0.78 39.69 21.76
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Fig.2 The relationship curve between biomass and stand age of different soil fertility stands
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Fig.3 Comparison of model biomass prediction
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Fig.4 Response of Cunninghamia lanceolata plantations to thinning
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