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Fig. 1 Coordinates of sample plots in research area
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Table 1 Forest type division and basic data

MRS o3 2H RS Y R ke TR 5 g MY o B e ANEL
Age group Age range/a DBH/cm Height/m Density/(trees’hm ) Total mass/(thm™®)  Volume/(m**hm?)  Plot number
B Group 1 29~46 8.87~31.18 10.18~33.90 200~670 12.93~196.95 13.69~314.56 11
WA Group 2 47~64 14.48~28.67 15.79~27.24 290~740 37.92~185.30 49.66~267.20 11
=W Group 3 67~91 12.78~29.25 16.07~28.30 120~770 27.38~159.69 36.08~215.08 12
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Table 2 Modification of 3-PG model parameters
Parameter Value Source

9422 cmBs A -5 8 42 b Foliage-stem partitioning ratio with DBH = 2 cm 0.8 [23]
Jif4%20 cosf B4 -5 4% 43-Bic L Foliage-stem partitioning ratio with DBH = 20 cm 0.0513 F
AW 5% 5¢ R 1% 2UH Constant in the relation of stem mass and DBH 0.083 F
BT AR 5 4% 55 R 1 7{H Power in the relation of stem mass and DBH 2.448 F
AEKEBAR A KSR Minimum temperature for growth/C _5 [23]
AE K& A IR Optimum temperature for growth/C 16 [23]
A K S5 R IR Maximum temperature for growth/°C 35 [23]
fq =050 7K 5375 ik Lt Moisture ratio deficit for fq = 0.5 0.5 F
K535 ik LI M Power of moisture ratio deficit 5 F
RS 0BT 1) LTI Specific leaf area at stand age was 0 12.93 [24]
R B THT AR Specific leaf area for mature leaves/(m*-kg ™) S [24]
LI TR (SLAO + SLA1) /2 (ki Stand age at which specific leaf area was (SLAO + SLA1)/2/a 8 [24]
ji )2 8T 23R Canopy quantum efficiency/(mol-mol ") 0.035 [5]
TE UK FLAHE AN K IR K 2 AW B Defines stomatal response to VPD/(1-mBar ') 0.05 [24]
W FAFAK Z 11 BU{E Constant in the stem volume relationship 0.001125056 F
MRS R 4% B F{E Power of DBH in the stem volume relationship 1.9675 F
T A FSE R R I R{E Power of height in the stem volume relationship 1.1606 F

e FE R SIS 4.

Notes: F means fitting and observed parameters.

x3 HEERELER
Table 3 Results of model calibration
EELa g4z e B4 -2 R b A BRSO EN

Indicators DBH HHeight Stem mass Foliage mass Root mass Above ground mass Total mass Volume
13 Slope 0.94 1.14 0.95 0.69 1.15 1.03 1.07 0.85
PERH R 0.98 0.81 0.98 0.68 0.96 0.98 0.98 0.91
FHiRE ME —0.67 —2.23 -1.26 —0.07 3.29 4.96 8.27 ~25.59
SPRILEIT R ZE MAE 0.74 3.93 422 0.66 3.88 5.36 9.10 27.56
¥1Jj %% RMSE 1.08 5.02 4.48 0.76 4.38 6.84 10.76 33.77
PR IR E MRE -333 -8.87 -2.02 -2.35 13.19 6.92 8.54 -19.77
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BOE R 0.68~0.98, Hrf s BT AEYE. H
AR Rk A SCHE R B R YN 0.98;
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B A TE 25 SR A BRAR
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PR AT N B E AR SN A E E W
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RUBAFE R 255, R (-5 S e 1 Tl
HSGEHEE, 45R % 4,

WIS R T AR, KT AR S S
LG RO RAR IR R e B AR S, R 35 %) 0.98,
A A 1 B S B R X R 22 0 -3.08%, Er A
i ME, M. WE. e S
Yyt (0 SR X HR 22 i A £10% LAWY . 1A
HERESE R R BT T, M R R h
KIEZE A1) 0.68 FTHE] 0.80, [RIE A= 45t 1Y
IR ZE | PR LRR 25 A O R 22 A AR



162 Mool B o OBF 5 %35%
F4 HEBWIEER
Table 4 Results of model validation
Ei=ta 4% Wi HrEwE REELY/) HRAEY R B BREDRE EHER
Indicators DBH Height Stem mass Foliage mass Root mass Above ground mass Total mass Volume
A% Slope 0.81 1.53 0.87 0.60 1.03 0.78 0.88 0.75
RERB R 0.97 0.77 0.98 0.80 0.93 0.97 0.98 0.73
P11k % ME -1.57 2.76 -2.29 —0.49 437 3.05 7.42 —36.48
FILURTR 2 MAE 2.20 4.68 5.78 0.88 521 7.28 9.52 57.39
Y77 % % RMSE 2.45 5.01 6.94 1.09 6.52 9.98 11.12 67.47
SERARTIRZEE MRE/% ~7.54 —8.80 -3.08 -15.49 11.84 3.69 6.21 -19.80

PR AT LA AR A B U RO A R4
23 EEEEUAHR
R A 34 BAEHL A MO . IR Sk

AR R A BB R AR5 A RO A T
Bro SRR, 3-PG AR AT DU 1A AR 2 1Y
it W, AEPESEPUERER (£5),

&5 3-PGCRENSHEREXNEILE
Table 5 Comparison of fitting results of 3-PG model with measured values

Ei=pa ik W i BeFA:vE AR HRAEY & Hy AR BHREDE MO ER
Indicators DBH Height Stem mass Foliage mass Root mass Above ground mass Total mass Volume
#H% Slope 0.95 1.28 0.93 0.72 121 0.98 1.04 1.05
RIERE R 0.92 0.83 0.98 0.78 0.96 0.97 0.98 0.77
PR %E ME -1.94 0.35 -1.47 -0.21 4.73 333 8.06 -14.25
LR % MAE 1.99 2.08 3.46 0.59 5.43 5.22 8.89 33.31
YJ7% % RMSE 2.58 2.55 435 0.71 6.12 6.53 10.65 39.09
SEREFIXT 1R Z MREY -9.57 -1.63 -2.22 —7.25 7.24 4.50 7.95 -10.13

M5 AT LIE Y, B AR b g s T
B2 )5, kTR SRR A Y B 5 50
DB AH OCHVE R BUKIR R FF T A B T W B = B,
0.98; M. MRAYE S E TR R BURRAIE
Bl eI, Forh R A DGR R BOE KR B
K, H0.77 EFHF] 0.83, (7] A - XA AH X 15 22 ek /D>

F14 5 MR JEE 0t BRAE AR 5 3R 20, 1 -8.8% i /N g -
1.63%. BRETL, BT e briy-F- XX iR 22 04
HilAEE£10% LA, AT AYCH R RIBSOCR AT
24 AEMREMEREVEUSHEE

AREXS A PO A o BRRGAS [R]bK
RERE AR AR D R LA SR IR 6,

R 6 REIEHEEEHIEEE £ I
Table 6 Simulation of total biomass in different age sample plots
ke R R FHRZE SER AR 2 BriR%E SRR R 2 FEHIAN L
Forest age Intercept Slope ME MAE RMSE MRE/ Plot number
B —#4H Group 1 2.16 0.94 4.58 6.91 8.31 4.42 11
B 4 Group 2 —1.43 0.95 7.53 7.76 9.44 6.56 11
3 =% Group 3 -2.28 0.90 11.75 11.75 13.28 13.43 12

Xof AN TRI RIS M 2B T () Bk A ) i U5 RUCRA:
B, BRI 3 AU LA RO AR T
BONHAERCR, p (AR R4S
TR R AR ZEERITE T 6.56% LAN, H

B AP A SRR AR, PR ER
4.58 thm™, FHLXF1R2EH 6.91 thm™>, HJ7iz
254 8.31 thm?, “FYJMXTERZE HEAEHIFE 4.42%.
BEAEAES BG4 TR FEbnal i B/ MR )
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Fig. 2 Fitting of total mass in different age
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Table 7 Simulation of DBH in different age sample plots

MRE i) FR FHRE ST EA) A o R BT iR ST AR R AR FEHIAN %
Forest age Intercept Slope ME MAE RMSE MRE/s Plot number
F—wH Group 1 1.20 1.04 -2.05 2.05 2.29 -9.82 11
oW Group 2 231 0.97 -1.75 1.75 1.96 —8.08 11
F=WH Group 3 0.73 1.04 -1.51 1.65 1.98 -7.02 12
SRR AR TR R A R ek 3 TR

WY, BIAUXT 3 AR ST B LA RCR AR A AR,
p EBIN R, HAVF A R 22 3 FE£10% LU
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A /N B2 R4 T, PS8R 25 2R — I A
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em. FHLUE -5 SSMNE 2t [l F 45 52 LIE 3,

35
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Fig. 3 Fitting of DBH in different age
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Application of 3-PG Model in the Prediction of Growth Factors in
Natural Larix gmelinii Forest

QU Ling-hao, ZHAO Xiu-hai, ZHANG Chun-yu

(Key Laboratory of Forest Resources and Environmental Management of National Forestry and Grassland Administration,

Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] To simulate and predict the biomass and volume growth of natural forest using process-based
model. [Method] Taking Larix gmelinii natural forest in Daxing’anling mountains as the research object, the applic-
ation of 3-PG model was studied based on physiological process in natural forest. By adjusting the parameters of
built-in module equation of the model and optimizing the fitting results of measured value and simulated value, the
model parameter group suitable for deciduous forest in Northeast China was finally obtained, and the test results of
different forest ages were compared. [Result] The model achieved good results in the simulation of DBH, stem bio-
mass, root biomass, above ground biomass and total biomass. The coefficient of determination R? of stem biomass
and total biomass equation reached 0.98, and the relative mean error was controlled within 8%. The results of total
biomass prediction and DBH prediction for different aged forest showed that the model had a good fitting effect on
young, half-mature and near-mature forests. [Conclusion] After adjustment of the local parameters, 3-PG model can
be applied to the growth prediction of natural L. gmelinii forest, and it can achieve good results in biomass prediction
and DBH prediction.

Keywords: natural forest; Larix gmelinii; 3-PG model; biomass
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