N
N

N

HAL

open science

GreenLab - (A functional-structural model for
adults of Pinus tabulaeformis based on GreenLab)

Hong Guo, Xiangdong Lei, Veronique Letort, Yuanchang Lu

» To cite this version:

Hong Guo, Xiangdong Lei, Veronique Letort, Yuanchang Lu. GreenLab - (A functional-
structural model for adults of Pinus tabulaeformis based on GreenLab). Chinese Journal of Plant
Ecology, 2011, 35 (4), pp.422-430. 10.3724/SP.J.1258.2011.00422 . hal-00781236

HAL Id: hal-00781236
https://hal.science/hal-00781236
Submitted on 25 Jan 2013

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00781236
https://hal.archives-ouvertes.fr

A AR 2011, 35 (4): 4220430 doi: 10.3724/SP.J.1258.2011.00422
Chinese Journal of Plant Ecology http://www.plant-ecology.com

2L F GreenLab [ T8 44 22 7 # B 4 #% BY 25 #9- T ¢
FREY

1" FEMA' Veronique LETORT® [Hm g’

Ve [ bRV RIS B R S UIF ST T, JEaT 100091; *Laboratory of Applied Mathematics, Ecole Centrale Paris, 92295 Chatenay Malabry, France

W E RARMEEH-IRER T (functional-structural tree modeling, FSTMs) 3 T 4% B 2t 20 AF 0 A KA M 5 /R Sl e 45 &
R I — 2T 7E 8 AR B 0 AR e b 45 H S A e R AR 20 4 O 5 M P I 8o 123 DAL AR R4 LAE A Y i
(Pinus tabulaeformis)I R SR, K GreenLabAs B4 N I 21 b A AU b o SR AR PEIBORE, S0 T 20K i e B 1
TEAS Gk, RTS8 MR Yo 0 b S M E 28 PE R R R, BINAERESE I R A, K2R 7 Bo A Presslerii L 45 4 i
K, MR RO AR AN A A WS IR S A S AN R (1 o). BT (%) B 4 2 B0d 0 S B s 384T, B8 S 80R AR 8tk de /s
A K ERAT o I S A S LA R Bl B B 5 AR SO A AR A UL S RS B, AR R PR AR R R AT T
i, RO AL B RV Wy BT TR O (RS B AR s ST 0 R U R YT R ECN0.8470.98, 45 H- D g A
T 5 Z AR B AR P e Bl o R AN 0.95, 3R B2 BEAR LS M e ey A 1 45 R RN AR I 7R

KHEIR MORGH-Dhaetisy, Wik, SRk, hihsm

A functional-structural model for adults of Pinus tabulaeformis based on GreenLab

GUO Hong'", LEI Xiang-Dong', Veronique LETORT?, and LU Yuan-Chang'

!Research Institute of Forest Resource Information Techniques, Chinese Academy of Forestry, Beijing 100091, China; and *Laboratory of Applied Mathemat-
ics, Ecole Centrale Paris, 92295 Chdtenay Malabry, France

Abstract

Aims In functional-structural plant modeling, trees are composed of elements at the organ level and combined
physiological processes and morphological structures. When it is applied to adult trees, we must deal with com-
plexity of topology and consider ring growth. Our objective was to apply the functional structural model
GreenLab to adult Pinus tabulaeformis trees and parameterize and validate the model.

Methods Destructive sampling was done to collect detailed data including structure and biomass measurements
from one 18-year and one 41-year P. tabulaeformis. To extend its application in adult tree growth analysis, we
used substructure model to simplify tree topology and introduce ring biomass allocation parameter 4 to mix
Pressler model and common pool model to analyze tree ring growth in different ages and different environments.
Direct parameters were attained from the measurement data, and hidden parameters of the model were calibrated
using the generalized least squares method. The model was validated by comparing simulation data with observed
data and comparing simulation data to data calculated by empirical model.

Important findings Simulations of P. tabulaeformis growth based on the fitted parameters were reasonable. The
coefficients of determination of linear regression equations between observations and predictions ranged from
0.84 to 0.98. The coefficient of determination of linear regression equations between GreenLab simulation data
and empirical simulation data was 0.95. The results showed that the GreenLab model can be a new tool to simu-
late tree biomass at different growth cycles.

Key words functional-structural tree modeling, Pinus tabulaeformis, ring growth, topological structure
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Sievinen et al., 2000). GreenLab#¥iHY7E R AEW) Ak
AT IZ N (Guo et al., 2006), F& H i
ZNE5it-DRetiftl 2 — . (B2 HJiR ik, fEpRoR 1
TP FH CAh R A (B 20 %%, 2009; F &, 2009),
TERAFER E N 2> K5 GreenLabf5 784 3 H 21
JCT b7 IR AS BTG A R A B, i S el
FEH V- SRE I I 220 45 e il XA SR 3% FH A& 4 1)
TR TV P S e B BT SR I . AR SCHs
GreenLab 1% 1 3 ] 21 1841 2E Fll 41 4F A2 1 K4 (Pinus
tabulaeformis) FAFA 1) A= KALFU R AT RLAL T, SR
IIEMEER R, KR AR GO0 AL (whorl ) B %2
HUFEIJZ, BE— 2 v H SR (0 T vl - 23
K &, 54 T I EN TR, 0] H S AR
(Yan ez al., 2004), $ 1 BT SR P I8,
fi GreenLabBLAL IR AR 1A W g o

Bt )A KW AR, RAEK, =
AR, AR AU P B2 i 0, X oA
B, R RN . AT EAAAEK
14U, Mitchell (1975)7E1EHERA (Pseudotsuga menzie-
sit) A9 T 2% 18 T B el 3 4, A R A A 4 1) 3
B FHAF e L7 B A AN 02 B EE A9 ) - Houllier
(1995 ¥ %L N FH 3 = A2 (Picea  asperata) (1)t
7 - LIGNUMAR Y (Perttunen et al., 2001 K& 1E 15
RER N TR AR, Tak, ALt
A B T B A N SE RER 25 Gok, =3
A TR E K . DeleuzefHoullier (1997)
I FH S5t - 43 OB Sk EAT AR50 AR K I T 5T, R
A FUBAT 2 e et S5 10 ()5 o {1456 i AIFST
PIEEAL B, ARSI R A K W R K
Presslerfsi 74 Fl1 4> 5 43 BC 4 5 (common  pool) 4] A
K, FHIEPAF NI ZEG sE, SEEL T H T AN ]
Rl YNGR e QY R E

1 FARMEFNETZ

AHIEFE T (AR A 52006455 H H A P4 1Lk
9 TRRA14E AR FI20084F 11 H B 3 [l 2547 v ] 16 18k
184EA AR o 75 1L ARIZ AN I8 2075 1 3447 T b 5 T,
ZHAEK NI K, ERTERM, K2 ET
E7. 8. EREKE}631.2 mm, FFEFHIRI2 C,
TR AN 220K AR IR 10 R A1), WA 45
T3H T W BAPE AR RO =, FZRAEAEA R

HFo

ARICK 57 2 AL A (stratified random sam-
pling) 777, FHAL BN FNEAE A )2, fekE— )=
DA P e L TRl A ) 7 R A P R R AT
o BARCKUL, MRSy, REANERK S IoHE —
A — AR AT PRI 1, B R TS S50
(9 TR) & 58 R T ) B 420 ) AR W s (O ) AR ) o R4
AR ), RE T AR A AN I I AR A (e R AR )
HFVE IR E), AT RO — R S R
HA, RHFRFERIITE, T = RAHIR A

ZZ PR B AR = I e 1 45 58, TR
TARAR IR ZERTI 3N S IS K R AE50% 0
55% [R), KEHL AN ZE£4% (IMNSEF, 1992). A
AF A 58 YRR 1 1) I 1 5 7K 28 A2 A [R) L e 1,
H(50%, "B SCAD) R

2 MRFAE

2.1 GreenLabtRZ!RJE KRR

GreenLab 5 84 &t 132 X7 A VE R ST B A St
[FIRFFER ) JET— R AR 7 AU E AR 3O
FHEWT T AED LA FIRED D RE AR (Hu et al., 2003),
HpJE-TC IR S 2 L D) RS 1) - T L o iR ALR
FIXURE B S AUV D) 4546 1R T 1, 30 i ASE 400 A
PRI Ay B 2R 7= 5 6L TR R 3 1 S5 40 1) AR ) & oy
i, U EAEDEMBEHRERESNRER, AT
AL RE ) ) 45 46 - Ty ek A, AT S 7 e A 400 A
PIHIHEK . GreenLabfbi ! (1) 3L A 5 B 0] L 222 Guo
2E(2006)FE 2155 (2009) SCiik, (EILAMEEQIAUR .
2.2 FHMRBEB S REESE

P HEAR R &5 ) - D) eSS 24 ) 5 R A 2, A
A T EJTAN AR B, 5 R O R R 5
I BEAT B R HU A FIS B . AR SCR 1 45 M Y
(sub-structure algorithm)k i (U A A 44N 4L, 15 2
I THECS TR IR E Y, A AE95 FH GreenLab U 45 %
EMRONTTRE . 1 SRR T Yans5(2004) 5 S 6
H, AR TS, AR S 1)
Gy o T AR T ZE S 02 7 AL R AN [ S AL 1 o
176 LB AN [E] AR BELAE S (physiological age)F i
SR A X SO AR A A S (Cournede et al.,
2006), A PR ISR DO B KA RIS, — A2
FEWS RN T — AN R IR, AT AN [ 1) A B AR 8
N A AN RO (R o 38 3 1~ g AR 2R mT ARG 2 1
BTN ERKIEH G MR R g1, X T
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GreenLab (17 52 RURY, BT A H AT AH 7] A2 BEAF 58 Rl
SEBRAE WS 1) T2kt — B . RS, —
A7 G5 BB S BERFAE AT DL ph G AR A S R S
PReEwtRIE, i AS(p). KA T R A4 4 5
SER AL 20 34K TS5 8.
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AHIFFT UL SE BRAE s A TR A 1, A5 B AR i
KA4, BIREA K5 SN R3%, fdITiEe:

56, MRIEES(4) TG, PR SEPRawe R o) =
e, LA A R B AR i 2 FIE A sq(4),
XA N O AR S Ky mAS, R A A R RN
ER A 2 Mg (4 AR R, RT3
(A AE S SA4) o A2 BRAERS hy 4111 45 R AN B T
SEBR A S 1) g KA, AR SEBR I &, s 2/ DB
TAEA R L, — R SEBR AR B KA
NTON, AT, =2 kT3, BRI =R 4
BHI< t < TI3. S(4)IINEn (R YESLFraEid
htf AR g (4) 2 E DY 4 NS 3

i 5q,(4)
(4) = d (£ ,0 1)
n round ( @ )

FE IR [FIRE R 7 VR B — b T 45 K9S(3), X kE
TS5 R BOR B BT ToAS; RO — BB i —
B AHE AN, DRI — 2R 1) A ] AR S B
A AT 3
2.3 FREKNEED

BRI Z Y E Y, SEARYAIR,
ARAEKER T AE & ERK@IRAK), BEEE T
AR (CIRAEK), ARAEKEIERUZEMAE 724
SV 10 1]~ J 7 1r) 53 2R 25 SR o T B2 B 2 4 i )
W R AR BTSSR 8 I R, T AR
HARAWIE K . GreenLabA B 4% A H BT 714 1]
SRR AR AR A S Ti Bk A 1 AR A A AR i
I A R TSR IO R ], L(2) =L

: o@G-1)

Q,g(z)=a+bm (2)
b, O ()2 EK AN 43 B B AE 5 1 AR )
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L
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§3(2)

Sa(1)

B R TNEEG N T AR E . S(p), R
Hp SEBRFER T 4P =1,2,3,4;1=1,2,3,4).

Fig. 1 Construction of substructure based on measurement
data. S(p) is the substructure whose physiological age is p and
chorological ageist (p=1,2,3,4;t=1,2,3,4).

WA K I N AR I 75 3K Do
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W 4y T B A AL TR 03 O, B IAE — AN A 35t
O ME M TEQDB LIS . NIXASA S, Q0,38
PR AR S RO 0 3 &N TR . IX P A
P — P 4 R A BC B 5K, — b 4 Pressler 15 X
(Guo et al., 2007). A= JRsrBekiAry, RN EKDE
IR, 4y WO BRI AR vh 1) A= A el AR 3
CERS KRN LA B (k1) P e 11

PA,,
%mm=;M%ﬂp¢Hﬂh0 4)

A, PA, e AR BRI 5 KA, 1 (k) A2EN; ()M E
HPRAE WS Nk, SEBRAERE AT K EE, Py (k)24
PRAERE M k)5 BV 55 o Presslerti 2, 4 He 31 &F
AN RS A ) B A S T TA) BLF R e A Sk
Lot XA, AR AR AR B
ANFETE T, 18 %0 B o, 18 H i A% o 4 18]
33 A S LA KR b, AR
Al LARIE N
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k=1 peP
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5, PO ORAK IR AR BRAF S A 1 T
— ZRA A BERIAT o Presslerfsi AU — LU 57 iy W
H, ARIX — A5 R RN RS R AN [R], ABEHOL A5 SR i
IR

GreenLab 5% R A 4 4F 46 A2 ) 1 1) 43 B A oK 52
PR B S Em, ISIAL (0 < 4 < 1)
FHXPNBIRRE S, 2 = 10, RERIPESRE o
A A Presslertbiz, AW A0 a7 T-MAL BL R B8
fiAL%; 2 = oW, A4 R fisi=t, AV srm
ARERHPAHL 240 < A < 1, U2 PR
(MERE RN g, We) R, L, g, (k i p)i&
A AT RS A k1) 55 p N S TR A A K R A R s m
PLSRAFIAE R A i o — O Ry, HEAEER R L B
ERSAN RN, A ()58 43 BT AN W], A AN [

o 1-4 AN,(kip), o
4, (k:1, p) =( D o7 D, .0 ) P (k) 1(k,0)- O, (D)

(6)
3 AR

BIESHOKE
B SHATE HESHNR S S5, HESH
S UL R S A T RS, AR
[H){ 5% (sink strength) Pov AV SRP, . 15 [A] pid A2
KW LA R E b TR R LB ST W g L B SLWY
PP AR AR A AR B0 1 TR R 3 OGSk
VR T L E 4155 (2009) SCHER -

T S 3 A R O AR AR T ) B AN () AR )
ZIRIAHOG R R, 2T LR H, Tk &414FE28
R VS A AR, A g i) A Ay e A 2R )

31

R MR E S

3T GreenLab J BRI LRI KA HEAE RS IS M-I RERETE. 425
2 HAE R LR, hERMR A
0.6010.82, HA41FAJMAAHLL, 184F A yliAa & A%
IR K . AV MR — k. ik, =%
Rt it A A4 R ) A A 1 AP 34K T 18 4F
AR, R (R AR A R ) AR A I B
M ZER IS, I U W Bl A SRR IR, VOB
A, R AR AR S5 . 41448
TR RIS AF A AR O ST 4 A AR KRBT, A
SRS FIAA B R LEA R 0F N, 751 B AR L
RIMTEF LSRG KIS, 75 2250 22300 2 (1 56
1k,

K3 AT EI3B 73 Sl S 4 147 A i A 8 AF A= il
M —2B . k. = AT IA) 3 RS () AR
SRR, 414EE IR 40.7000.91 (p < 0.000 1), 18
AR 40.7300.93 (p < 0.000 1), i HHHAMER
B F) 4 170 5 2 R ) B AR 2 TR A7 A k3 1) S A
KOG, A M TR ST IR B AR 1Y ) i
FABOE T HEa . ARIER UFTR, 4144 MAA 1 84E AR
TR [R5 1) S AR K S 5 M BAH ZE AR, Ui B T
) S 3 A K K R B AR AR AN K
32 BRESH

R T A ) AR I B ) 2R BORIR ) 1 4 5
TR PRI RS IR S E, I 1) A 5 A1t
TRAESRAT, DI ok 2 8 P Tovk kT, XL 2
KRR R Bt 28, WBEARLI f 2T, GreenLabfs
A (AT N RO REE B AR i) Al
SR 2 (M SR R SE R ARZREm, DR ix Lt
SRR T B B A SR

AR SC T SR AR 1R B 2 B0 B A i 1 B85 T AR

Table 1 Directly measured parameters for adults of Pinus tabulaeformis

S5 P4 JEYE Trait
Parameter  Meaning 184E/F 18-year-old 414E7E 41-year-old
PA, PA, PA; PA, PA, PA, PA; PA,
P, A5 Internode sink 0.10 0.11 0.03 0.01 0.10 0.05 0.02 0.003
P, 5% Needle sink 1.00 0.37 0.16 0.23 1.00 0.44 0.35 0.01
b, RGO R Y 26.51 29.19 33.99 26.30 33.33 32.81
Scale coefficient of internodes
s 8] R TR 2R 5 0.04 [0.20 [0.36 [0.02 0.20 0.36
Form coefficient of internodes
SLW ELrF 2 Specific leaf weight 0.08 g-em®

PA;, SN EIFRG=1,2,3,4).
PA,;, physiological age i (i =1, 2, 3, 4).
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Fig. 2 Biomass ratio between internodes and needle. A, 18-year-old. B, 41-year-old. PA;, physiological age i (i = 1, 2, 3, 4).
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- = 100
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44 [a] B 4% Internode diameter (cm)

01l
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Fig. 3 Internode allometric relationship of adults of Pinus
tabulaeformis. A, 18-year-old. B, 41-year-old. PA,, physiologi-
calagei(i=1,2,3,4).
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SRS, R KD BB AER AR K R
TERRTHRP . — BT iy, (2) AR S R AL
ME2H AT DL Y, I84E A AR 1 RIS, /N T4 14E 22
(RIhARS, X5 SRS OAERT 5
33 RELRERIE

T I B B R P S A A 5 AR BB AR R x5
FA-DRERE R AT A HE(EI4) . A4 TT LUE H, A5
X1 AL A A e R I 2R 4 i R AL R AR
U, A EASEME AR B . BISAL 5B 5CHil
FE2ANE RS A BRI S 5 B g RO T ELAR
LA . H3 T 4N, 184E AR AL I F8h A (AN S
T IAHE R E05 50 40.90, 0.95%110.98; 414EE AL
(1) 4EL (1 R SIS DAL PR AH G 2R 3803 ) 2R 0.84 0.99 A1
0.98; Ut ] GreenLab s 1 1] DU {7 M AU A (1) 4%
ms MR A . HRIETTLE N, Rk, —
SRR RN = A TR AF O R B LU AR 358 /DN, AR 22
A0 (E AN 708 LERR -0 23R, 3@ Rk — A
TR =R B 2, B IR S T AR
LR, AT AR BRSCR A AR, —
ke BRI =k AR R B K T0.70, B
WIRERDN — A A AR AR b AR SR AN,
DA — 2B R =R 2, X HA
——4H,
34 52T

I 4146 A2 R0 848 A2 A4 A 1R 1 1) 2 BBl 3k
RVEAEAVEAER Y R, 540 NE
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Table 2 Hidden parameters of adults of Pinus tabulaeformis

T GreenLab JRUHFA EIMAA GAEW I G5 H0- D REAR Y 427

24 o X 184E/f: 18-year-old 414E7: 41-year-old

Parameter  Meaning SHAE Value  BRFRE CV (%) ZHUAE Value  BRAH CV (%)

r KI7BE BT 2.97 0.46 3.40 2.07
Water resistance

P; ARSI AR 2.60 2.60 5.40 0.51
Slope for ring compartment

A YRS 0.73 0.20 0.40 0.35
Ring biomass allocation parameter

S, RPN 2.85 m? 0.49 78.00 m’ 1.00

Plant projection area

R3S A PR R IR IE 2 U

Table 3 Parameters of model calibration for adults of Pinus tabulaeformis

T Age BIJ7iRZE Root PR AH R ZE 2 0 r
mean square error Average absolute relative error
18454 P 448 Stem internode biomass 28.90 0.44 0.90
18-year-old M Tree height 16.70 0.28 0.96
TS H4% Stem internode diameter 0.89 0.24 0.95
—RE W EY) & Internode biomass of 1st level branch 1.20 0.68 0.70
ARSI AR Internode biomass of 2nd level branch 2.00 0.80 0.75
=R A& Internode biomass of 3rd level branch 1.30 1.10 0.56
PARGES P4 4% Stem internode biomass 50.50 0.45 0.84
Aloyear-old e Tree height 2821 0.22 0.99
B3 E42 Stem internode diameter 135 0.16 0.98
— PRI /EY) B Internode biomass of 1st level branch 54.41 0.57 0.68
ARSI AR Internode biomass of 2nd level branch 1.52 0.76 0.79
SRR A& Internode biomass of 3rd level branch 1.10 2.02 0.50
140000 B AT L o AR L 9 TR) 5 /K F A H50%
T 120000 ° 2200 WY 22 2 1 41 BL A (2009) 1 AR S - 2B 4 =[] )
éwwm B, TS Y 32 SR AR A AR, 5 rE 3
2 80000 S AR G M- T B RS 250 P 0 4 SR P 160 2 184 A 41
5 o000 R BB, TR 726 I A SR 18 662 7404
€ 40000 PR, BRE-E R 25
20000 / - Wiow = 22747246.2342/(1 + exp(8.5571 [
0 —

0 10 20 30 40 50
H K A Growth cycle (a)

— HifEfl&4Rt Internode biomass simulation
afftl &4k Needle biomass simulation
s F[ASc@i44iE  Internode observed biomass
o HHEEER Needle observed biomass
A &4t  Internode biomass simulation
N a4t Internode observed biomass
— — HmMflSEHR Needle biomass simulation
o Enpaziidgnit Needle observed biomass

B4 AT ) S A A i S AR S B RN SE PR
L.
Fig. 4 Comparison of simulation and observed data for total
internode biomass and total needle biomass of Pinus tabulae-
formis.

0.0786794)) (7)
KA, Wi B FRHERE AR IR AR B AR, 4
SETRW AR
W 6 FT 7, 2050 15T 0L 4 TR AR R A= ) £
GreenLab % R UL 45 {H 1 AH ¢ R 40140.98, ~F3JAH XS
R 22 AN E 4 0.19, 775412 405, SR,
GreenLab# RU56T 3 A2 ) f (R RSERLA Ac e, (RS
B 30 it /]S o 53 BT JRUERT, A DRI Ay 54 - Dy RS 24
LA PIFEARR D, R SEFENAEEREAH
Ko ERE—LMHET, TEMAFEAR, 52
PRI (W 2 ALK .
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o I8 FEASEH 18-vear-old observed
184E4 44 18-year-old simulation

4000 A AVAEAESENN 41-year-old observed
2 3500 41E4 4 41-year-old simulation
o
g A
£ 3000 .
4 2500 |aa 2 A
€ 2000 | % m
g nc'e.ﬂ by a ©
= 1500 S, & aba &
i‘é 1000 o N
iy

500 o N
= 0 Sa0c0000 o oy
P

0 10 20 30 40

B9 18 % FF Internode rank on stem

A E4% Internode diameter (cm)

40

500
450
400
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200
150 |
100
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%5 Tree height (cm)
bo
=]
(=]

0 5 10 15 20 25 30 35 40
A M Growth cycle (a)

BE5 ket TR AL AR AU SO L S B B R B
Fig. 5 Comparison of simulation and observed data for stem
structure and stem biomass of Pinus tabulaeformis.

4 HATF LIRS

W FHRBWEHESHNES S8, &
Digiplante#f4-(Cournede et al., 2006) 5185 Al
AVEEAE AR TE A 1) = 4 n] R B AR R (B17).

5 ittt

AT GreenLab i R i 1yl A2 AT 4 1)
SiR-DIREREAL o K S A4 - D BRI N ] T AU,
YR ) A RS PR AOL AR A i L Ak B AT
(PN R I AR 73 JR R IR T, R
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160000
140000 O LU Empirical model
C] A GreenLab A7 GreenLab model A
3 120000 A
2 ]
o
2100000 | éD
G 0
kE 80000 | o Q
I 60000 - oot
R ot oan
532 40000 - E%gAAAA
A i Q
2000040 AR E
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Fig. 6 Comparison between empirical model and GreenLab
model for total biomass fitting.
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Fig. 7 3D simulation for 18-year-old (left) and 41-year-old
(right) Pinus tabulaeformis.
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