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

 

┴麌聴┡-札忘︸繁鉉浄х鞄麌35濤燠聴┡声

ナコナ燠札忘ⓔ渫, 彩熳х鞄麌ナ圾晶謄ユw蓬頓

啀35梓唖屋ホ, 鬘20ヮ檎90桿鰯印│歵ょ縟δ鞄麌
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Sievänen et al., 2000)┛GreenLab︸繁覇玄屋89抄┴

麌Ο鶫梵¹35棗ホ(Guo et al., 2006), 韋O艮棗ホ暒

籾35聴┡-札忘︸繁φヘ┛汚穀O艮δ樰, 覇┴麌モ

螞35棗ホ印檮鞄δε(肉軌シ, 2009; 87忸, 2009), 

覇縟桿鞄モ35棗ホ暒婉┛妍GreenLab︸繁棗ホ穀ラ

縟朱モミ35府麝収形埴縟35縟桿鞄, 綳こ゚⋛袴I𥿔

声鈑藥čゝ𠮟隸棙籾シ捓佳, 榺孛こ゚&𣠽ホ櫳洽35

ヮ湿鑷®声●棧ゝ®蠖'03︸繁čゝ35氊楾┛麝錮妍

GreenLab︸繁棗ホ穀18桿ナ声41桿ナ¿┛(Pinus 

tabulaeformis)縟桿鞄35ナ圾︸艾声詔⁂湿Ο, 糦ホ

紅寐臚珊翁O, 妍鞄麌┺35健麹声旔(whorl)つ縟韋

臚珊35寐, 緯薰ヘ寐Οホ喧繁臚珊35鑷®臚沼桷賠

┺妒職I𥿔, 圴くхI𥿔隸掮; 梏殃ホ啀聴┡︸繁

(Yan et al., 2004), 蠖'03х︸艾声čゝ●棧35氊楾, 

禾GreenLab︸艾¿┛縟桿鞄縟δ詔忘┛ 

U渟(渟埴)ナ圾П❀桿旔ナ圾┚尞ナナ圾┚ы

尞ナ圾, 韋鞄麌ナ圾︸艾35紞こ゚埴縟璡紅, 奧¿┛

縟桿鞄│岏, 鴦韋濔鼛彩熳35献埃┛奧эU渟ナ圾

︸艾, Mitchell (1975)覇嬥關┛(Pseudotsuga menzie-

sii)35せヽΟ彩熳х鞄言ぉш, đδ鞄麌桿旔35槀

橊声桿旔モ鑷鞄麌鐘啀35Μ鈑韋縟訒貨35┛Houllier

シ(1995)妍妋︸繁棗ホ穀亜鼕(Picea asperata)35せ

ヽΟ┛LIGNUM︸繁(Perttunen et al., 2001)妍0湈︸

繁35コ佬棗ホэ桿旔ナ圾35せヽ┛楆桿│, 鶫茜せ

ヽ歲无鷦忘妍棙●︸繁声聴┡︸繁聴浄𪆐│, ы歲

件蒸屋ホэ桿旔35ナ圾┛Deleuze声Houllier (1997)

棗ホ捷𪘚-紅釐︸繁│槀≳桿旔ナ圾35せヽ, 汚韋

橆せヽ¢鶫彩熳鞄言聴┡35淅箭┛覇聴浄艮以せヽ

35府コモ , 麝せヽ殃激桿旔ナ圾淅箭O鈑Ȝ, 妍
Pressler︸繁声傑寉紅𥐮︸歡(common pool)埴浄𪆐

│, 彩熳Ζ△鄂棗35傅浄淅箭, 圈xх櫳ホэュ蒸

桿汏¿┛桿旔ナ圾35︸艾┛ 

1  ⷨおᴤ᭭⌟䞣ᮍ⊩ 

麝せヽ罕ホ35珊麝δ2006桿5鶇沼鬘く゚峺┴背

351諺41桿ナ声2008桿11鶇沼鬘鍋囉猶庪如351諺

18桿ナ¿┛┛く゚峺┴背声鍋囉猶庪如賠押э漆絢斫, 

妋芭鞐⊕Ζ喞𢿫}弥, 耗厄档隱1/248, 沬鰀籾磓Ο

覇7┚8鶇┛桿沬鰀𥿔δ631.2 mm, 桿桷賠鏞ね12 , ć

桿陌肈鸚δ220厄┛陲肈梗x覇10鶇Ο隘, 餬肈聴槇

э3鶇ャ隘┛𢿫埴印く゚漆𢿫δε, εこ゚晶ナ覇弧喞声

鞐喞┛ 

麝錮糦ホ紅寐痁黝臚珊(stratified random sam-

pling)35鑷®, 妍鞄┺35健麹声旔屋δ寐, 覇薰ヘ寐

献賢毚棙喧繁臚珊35鑷®臚沼ヘΜ桷賠┺槀≳I

𥿔┛剣翁│岏, 奧鞄档璡紅, 薰Μナ圾収形臚沼ヘ

Μヘ健┺槀≳妒職I𥿔, 十I𥿔妋┺35濤燠聴┡

(圴掮圾楾声圴掮U渟)声ナ89𥿔(圴掮ナ89𥿔声𩸕

鐘ナ89𥿔), 奧э券井┺意I𥿔券ナ89𥿔(圴掮ナ89

𥿔声𩸕鐘ナ89𥿔), 奧э臚沼35ヘ健┺罕毹ヌ35ы

健┺, 糦ホ蒸珊35鑷®, 奧эメ健┺会尞ū蝠┛ 

小彩く゚漆┴喃澷氎┴醫せ嗇I圀35聴┹, ¿┛

ы桿ナ庪35屢┚扑声鐘3Μ殿囮35森鰀83覇50%� 

55%φ掮, 弥𪘚蜥楆縻Y攴±4% (唳隸斲, 1992)┛麝

せヽ岸僲¿┛圴掮声鐘35森鰀83韋Y蒸レ琿圀35, 

沼50%, ャ錮ナ89𥿔賠δ侉迮𥿔┛ 

2  ⷨおᮍ⊩ 

2.1  GreenLabൟⱘᴀॳ⧚ 

GreenLab︸繁韋ラΟ®掌鑷浄屋せヽ黝┡件

蒸せヽ晶尹35┚府эヘO郊｛89喃s凊屋梗岸僲梏

建鼪х｛89濤燠声｛89札忘35︸繁(Hu et al., 2003), 

券Ο┧-+6皿韋券札忘︸繁35εこ゚黝コ┛妋︸繁糦

ホ掌宀楾鬘皿黝︸艾｛89聴┡35濤縟, 毚棙︸艾｛

諺35ナ89𥿔ナ扱ユ府э｛諺艝羝聴┡35ナ89𥿔紅

𥐮, 印抄殿囮ナ89𥿔⌇~ユ殿囮濤燠35倦O, 梏≳

︸艾｛8935聴┡-札忘棙●, 緯姿鴦ɚ問芭︸艾｛

8935ナ圾┛GreenLab︸繁35府麝初コ詔印小彩Guo

シ(2006)声肉軌シ(2009)錮問, 覇橆ュ屋妒職湘橎┛ 

2.2  ᄤ㒧ᵘൟⱘὖᗉঞᵘᓎᮍ⊩ 

茣せ┴麌聴┡-札忘︸繁35聴┡┡櫻, 縟桿鞄

韋ラ縟朱モミΜ埴烏┡縟35, 綳こ゚𠮟釱弥𥿔35čゝ

隸掮槀≳︸繁艾浄声㮍ゝ┛麝錮糦ホ啀聴┡︸繁

(sub-structure algorithm)│ヮ湿鞄麌埴烏Μ鈑, 梫穀

醐婉čゝ隸掮35O35, 緯姿禾滕ホGreenLab艾浄縟

桿鞄縟δ詔忘┛啀聴┡︸繁ラYanシ(2004)鵝憩蠖

梗, 韋Y奧э聴┡35㎤燻, 啀聴┡韋聴┡35ヘ璡

紅┛啀聴┡ラ黰屼抄黰屼扱ナ35ュ蒸ū繁35圴形声

圴形モ毹ヌ35ュ蒸ナコ桿汏(physiological age)35叟

屼縻歲ラ榺茜叟屼扱ナ35┺埴縟(Cournède et al., 

2006)┛ナコ桿汏ホ│錫麹┺35ュ蒸ū繁, ヘΜナコ

桿汏奧棗эヘΜū繁35┺, 麝錮Οュ蒸35ナコ桿汏

奧棗ヌュ蒸健麹35┺┛毚棙啀聴┡︸繁詔印┡櫻1

穀彐档Μナ圾滷w醸35嚶鉉35鞄麌聴┡ , 奧э
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GreenLab35問圀繁︸繁, 罕鶫剣鶫Y蒸ナコ桿汏声

圈氄桿汏35啀聴┡韋ヘ𪘚35┛覇ナ圾趨鸚δt隸, ヘ

Μ啀聴┡︸繁35εこ゚ⓔ渫詔印ラ券ナコ桿汏声圈

氄桿汏ś梫, ŬδSt(p)┛虹1郊梗х鞄汏δ435ナコ

桿汏紅麹δ1┚2┚3声435啀聴┡┛ 

㍍ヘ啀聴┡35獪鈑𥿔δPt, 榺ヘ鈑𥿔Y奧殿囮

Μ鈑│岏韋Y洽婉35, 頓姿, 啀聴┡︸繁妍圴く弥

𥿔35čゝ隸掮┛屢藥啀聴┡︸繁初コ, 聴浄¿┛35

艝羝聴┡ⓔ渫, 麝錮蜿vх櫳浄¿┛啀聴┡┡櫻35

鑷®┛ 

麝せヽ印圈氄桿汏δT35鞄δ貨, ナコ桿汏鵝

弥δ4, 十鞄麌鵝弥紅遉健麹δ3健, ┡櫻鑷®韋:  

ŀ憩, 緯┡櫻St(4)鬱臨, 𣠽苒圈氄桿汏δt35メ

健┺, 券圴掮ナ89𥿔声𩸕鐘ナ89𥿔φ声Ŭδsqt(4), 

榺茜┺35Μ鈑屢藥圈IδmΜ, 𣠽苒圴掮ナ89𥿔声

𩸕鐘ナ89𥿔φ声qt(4)Y奧桷賠35┺, 十蜥楆桷賠還

35┺屋δSt(4)┛ナコ桿汏δ435啀聴┡35Μ鈑沼袴э

圈氄桿汏35鵝弥還, 屢藥圈氄I𥿔, ¿┛齧婉こ゚ゔ

ы桿羇忘ナ圾梗ヘ健┺, ヘ健┺35圈氄桿汏鵝弥還

δT�1, ы健┺δT�2, メ健┺δT�3, 十メ健┺35桿

汏δ1i t i T�3┛St(4)35Μ鈑nt(4)屢藥圈氄桿汏

δt35獪ナ89𥿔声qt(4)φ訒惇乚阿激滕穀;  

 
茣せ蒸珊35鑷®𣠽苒ы健┺啀聴┡St(3), 榺珊

35啀聴┡鈑𥿔コ佬モ鶫T�2Μ; 頓δヘ健┺覇薰ヘ

旔Ο意臚沼ヘΜ, 頓姿ヘ健┺35ε档詔印屢藥圈氄

I𥿔還U蜥滕穀┛ 

2.3  ᑈ䕂⫳䭓ߚ䜡ൟ 

鞄麌韋籾桿ナ翼0｛89, ユ枲麝｛89ュ蒸, 鞄

麌ナ圾瀠х辞森'03ナ圾(降尞ナ圾), 榰こ゚彩熳U渟

ナ圾(ы尞ナ圾)┛U渟ナ圾韋濤縟寐(十懐ナ紅ナ埴

親)職婦埴桷趨鑷埴紅て35聴┹┛濤縟寐初臨職婦埴

献濤縟尞ナ麌迮璡, 埴勿濤縟郉77璡, э韋鞄麌35

U渟ュ鐺膨弥┛GreenLab︸繁岸僲鞄麌Ο罕鶫圴掮

桿旔覇ナ圾趨鸚i隸罕澋滕35ナ89𥿔声ナ圾趨鸚i�1

隸獪ナ89𥿔/獪綳&35倦O縟訒貨, ◓(2)歡:   

 
券Ο, Qrg(i)韋ゔiΜナ圾趨鸚献紅𥐮穀桿旔35ナ89

𥿔┛a韋繽匵, b韋鏥83┛ 

 
 

1  府эI𥿔鈑藥35啀聴┡┡櫻学校法人碆虹┛St(p), ナコ桿汏

δp┚圈氄桿汏δt35啀聴┡(p = 1, 2, 3, 4; t = 1, 2, 3, 4)┛ 

Fig. 1  Construction of substructure based on measurement 

data. St(p) is the substructure whose physiological age is p and 

chorological age is t (p = 1, 2, 3, 4; t = 1, 2, 3, 4). 

 

 

鉱ゔiΜナ圾趨鸚献桿旔35綳&Drgδ: 

 

券Ο, p0韋桿旔紅𥐮繽匵, p1韋桿旔紅𥐮鏥83┛ 

茣せGreenLab︸繁35コ佬, 岸僲薰桿ナ扱35ナ

89𥿔紅𥐮穀桿旔35璡紅Qrg憩邉覇ヘΜ穴件DΟ, 

Qrg声噪35綳こ゚Q/D縟訒貨┛緯榺Μ穴件DΟ, Qrg毚

棙Ζ△ナ89𥿔紅𥐮︸歡紅𥐮穀情Μ圴掮Ο┛榺Ζ△

︸歡ヘ△韋傑寉紅𥐮︸歡 , ヘ△韋Pressler︸歡

(Guo et al., 2007)┛傑寉紅𥐮︸歡Ο, 覇薰Μナ圾滷

w, 紅𥐮穀薰Μ圴掮35桿旔Ο35ナ89𥿔韋ラ券ナコ

桿汏k声券圾楾l (k,i)袴圀35:  

 
歡Ο, PAm韋ナコ桿汏35鵝弥還, l (k,i)韋Ni (k,i)Μナ

コ桿汏δk, 圈氄桿汏δi35圴掮35圾楾, Prg (k)韋ナ

コ桿汏δk35桿旔35+沛┛Pressler︸歡Ο, 紅𥐮穀薰

Μ桿旔35ナ89𥿔声榺Μ圴掮印モ35鐘啀35Μ鈑縟

訒貨┛榺П孛碆寸ヌ, 薰Μ鐘啀妍扱ナ35ナ89𥿔杝

激穀0湈Ο, 㮍杝穀鞄麌35棣し, 㮍杝棙●Ο圴掮

滕穀35ナ89𥿔ユ券穀梫鐘啀35圾楾縟訒貨, 券︸繁

詔印ś梫δ:   

∑ ∑= ∈
⋅⋅= m

k

PA

k

rg

Pp

apressler iklkppikNiD
1

),()(),,()(

                                      (5) 

歡Ο, Na (k,i,p)韋ナコ桿汏δk35ゔpΜ押鵈35圴掮

覇ナ圾趨鸚i隸35鐘啀Μ鈑, p韋鞄麌聴┡35押鵈小
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鈑, Pk韋鞄麌ナ圾趨鸚畐韋i┚ナコ桿汏δk35圴形35

ヘO郊詔忘35押鵈┛Pressler︸繁覇ヘ茜せヽΟ鶫棗

ホ, 汚榺ヘ︸繁痁鞄△声w蓬35ュ蒸, ︸艾鄂┹隸

裸隸剥┛ 

GreenLab︸繁đδ桿旔ナ89𥿔35紅𥐮︸歡消

榺Ζ△︸歡35遂浄淅箭, 頓姿殃激Ȝ (0 i Ȝ i 1)

妍榺ΖΜ︸繁衆浄, 洽Ȝ = 1隸, 鞄麌35桿旔紅𥐮︸

歡δPressler︸歡, ナ89𥿔傑璡埴押э懐┺印ャ35璡

押衛杝; 洽Ȝ = 0隸, δ傑寉紅𥐮︸歡, ナ89𥿔覇鞄

麌傑寉Ο紅𥐮; 洽0 < Ȝ < 1隸, 岏霽券消Ζ△︸歡

35傅浄鄂棗淅箭, 洛歡(6)罕学校法人, 券Ο, qrg (k, i, p)韋

ナコ桿汏δk35ゔpΜ押鵈35圴掮覇ナ圾趨鸚δi隸詔

印澋滕35桿旔ナ89𥿔┛ヘ倻đδ, 洽w蓬頓t┚鞄△┚

桿汏ュ蒸隸, 鞄麌35桿旔紅𥐮︸歡ュ蒸, ȜПュ蒸┛ 

)(),()()
)(

),,(

)(

1
(),,( iQiklkp

iD

pikN

iD
pikq rgrg

pressler

a

pool

rg ⋅⋅⋅+−= λλ
                                      (6) 

3  ൟᢳ 

3.1  Ⳉখ᭄∖㾷 

︸繁小鈑辞苺U蜥小鈑声痄森小鈑┛U蜥小鈑

韋毚棙⁇壟声I𥿔鈑藥čゝ澋滕35, 覇麝錮Ο鶫圴

掮+沛(sink strength) Pe┚鐘35+沛Pa┚圴掮欸氊ナ

圾35訒貨O鈑be声濤せO鈑ȕ抄𩸕鐘35訒鐘紞SLW┛

Pe声Pa屢藥¿┛洽桿ナ鑄儲圴掮声鐘35訒83倦O&

梗, čゝ鑷®◓肉軌シ(2009)錮問┛ 

圴掮欸氊ナ圾倦O莢圴掮圾楾声圴掮ナ89𥿔

φ掮35Y倦倦O, ラ虹2詔印つ梗, 陌佬韋41桿ナ

榰韋18桿ナ¿┛, 情健┺圴掮ナ89𥿔声𩸕鐘ナ89𥿔

φ掮畐鶫ヌ暒裸35Y倦倦O , 袴圀O鈑R
2
δ

0.60�0.82, ユ41桿ナ¿┛Y訒, 18桿ナ¿┛情健┺

35R
2
賠暒弥┛41桿ナ¿┛35ヘ健┺┚ы健┺┚メ健

┺35𩸕鐘ナ89𥿔声圴掮ナ89𥿔35訒貨賠弥э18桿

ナ¿┛, メ健┺35𩸕鐘ナ89𥿔声圴掮ナ89𥿔35訒貨

Y攴暒婀, 榺岏霽痁ヌ¿┛桿汏35膨弥, +沛洩鶫

渉湿┛ラś1П詔印滕梗Y蒸35聴佬┛ラэ41桿ナ

¿┛声18桿ナ¿┛35ヰ芭瑤烏声ナ圾w蓬ュ蒸, 頓

橆奧э¿┛鞄△覇Y蒸瑤烏ャ, 韋心鶫痁ヌ桿汏膨

弥姿𩸕鐘+沛膨弥35x澠, 綳こ゚鴦籾嗎MV鈑藥35MV

儃┛ 

虹3A声虹3B紅麹韋41桿ナ¿┛声18桿ナ¿┛

35ヘ健┺┚ы健┺┚メ健┺圴掮紞𥿔声圴掮U渟35

欸氊倦O, 41桿ナ35R
2
δ0.70�0.91 (p < 0.000 1), 18

桿ナ35R
2
δ0.73�0.93 (p < 0.000 1), 岏霽ΖΜ桿汏

竑35圴掮紞𥿔声圴掮U渟φ掮唸覇顆砵35欸氊ナ

圾倦O, 榺δ緯圴掮紞𥿔蝠ゝ圴掮U渟┚圴掮繽螞

⌇擁圀х府コ┛屢藥ś1罕学校法人, 41桿ナ¿┛声18桿ナ

¿┛35圴掮欸氊ナ圾小鈑be声ȕY攴ュ弥, 岏霽圴

掮欸氊ナ圾倦O痁桿汏渉湿ュ弥┛ 

3.2  䱤খ᭄ 

︸繁Οナ89𥿔ナ扱35櫈察O鈑声｛8935脣淅

螞⌇シ韋献覇35┚62燠35小鈑, 緯I𥿔35㆛楾│岏

渤砷澋滕, 頓姿毚棙誕喧35艾浄陌®澋滕, 榺茜小

鈑❀δ痄森小鈑┛緯︸繁35㆛楾姿ㇷ, GreenLab︸

繁35杝梗渉𥿔(殿囮Μ鈑┚宀奠声殿囮ナ89𥿔)声榺

茜小鈑φ掮35倦O韋痄歡35┚螌舜狢35, 頓姿榺茜

小鈑35澋滕綳こ゚毚棙︸繁捷&┛ 

麝錮罕&⋛35痄森小鈑辞苺𩸕鐘35脣淅螞⌇

 

 

㸼1  ¿┛縟桿鞄35U蜥小鈑 

Table 1  Directly measured parameters for adults of Pinus tabulaeformis 

屮狢 Trait 

18桿ナ 18-year-old 41桿ナ 41-year-old 

小鈑 

Parameter 

森τ 

Meaning 

PA1 PA2 PA3 PA4 PA1 PA2 PA3 PA4 

Pe 圴掮+沛 Internode sink 0.10 0.11 0.03 0.01 0.10 0.05 0.02 0.003

Pa 𩸕鐘+沛 Needle sink 1.00 0.37 0.16 0.23 1.00 0.44 0.35 0.01 

be 圴掮35訒貨O鈑 

Scale coefficient of internodes 

 26.51 29.19 33.99  26.30 33.33 32.81 

ȕ 圴掮35濤せO鈑 

Form coefficient of internodes 

 0.04 �0.20 �0.36  �0.02 0.20 0.36 

SLW 訒鐘紞 Specific leaf weight 0.08 g·cm�2 

PAi, ゔiΜナコ桿汏(i = 1, 2, 3, 4)┛ 

PAi, physiological age i (i = 1, 2, 3, 4). 
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2  圴掮ナ89𥿔声𩸕鐘ナ89𥿔35訒貨倦O虹┛A, 18桿ナ┛B, 41桿ナ┛PAi, ゔiΜナコ桿汏(i = 1, 2, 3, 4)┛ 

Fig. 2  Biomass ratio between internodes and needle. A, 18-year-old. B, 41-year-old. PAi, physiological age i (i = 1, 2, 3, 4). 

 

 
3  ¿┛縟桿鞄圴掮欸氊ナ圾︸繁┛A, 18桿ナ┛B, 41桿ナ┛

PAi, ゔiΜナコ桿汏(i = 1, 2, 3, 4)┛ 

Fig. 3  Internode allometric relationship of adults of Pinus 

tabulaeformis. A, 18-year-old. B, 41-year-old. PAi, physiologi-

cal age i (i = 1, 2, 3, 4). 

小鈑Sp┚鐘5535鰀察櫈腋r┚桿旔ナ圾淅箭O鈑Ȝ┚
桿旔+沛P1┚ヘ健┺桿旔+沛prg (2)抄券渉欸O鈑┛

緯ś2Ο詔印つ梗, 18桿ナ¿┛35r声Sp婀э41桿ナ

35¿┛, 榺ユ圈氄發胡Yゎ浄┛ 

3.3  ൟ䇃Ꮒ᷵ℷ 

毚棙訒暒¿┛35圈I鈑藥ユ︸艾鈑藥│奧聴

┡-札忘︸繁槀≳慧御(虹4)┛緯虹4詔印つ梗, ︸繁

奧圴掮獪ナ89𥿔声𩸕鐘獪ナ89𥿔35︸艾鄂┹螌曰

裸, 艾浄還声圈I還螌曰蜥楆┛虹5A┚5B┚5C紅麹

韋2Μ桿汏¿┛35鞄麌圴掮侉紞┚鞄'03声鞄档U渟

35艾浄虹┛ラś3詔s, 18桿ナ¿┛35艾浄還声圈I

還35Y倦O鈑紅麹δ0.90┚0.95声0.98; 41桿ナ¿┛

35艾浄還声圈I還35Y倦O鈑紅麹δ0.84┚0.99声

0.98; 岏霽GreenLab︸繁詔印暒裸芭︸艾鞄麌35鞄

'03┚邦渟声ナ89𥿔┛ラś3榰詔印つ梗, ヘ健┺┚ы

健┺声メ健┺35Y倦O鈑訒鞄档璡紅婀, Y奧宓攴

班奧還声賠鑷宓訒鞄档璡紅弥, 榺韋頓δヘ健┺┚

ы健┺声メ健┺35Μ鈑暒籾, ︸繁蕉韋逃梗хY奧

桷賠35聴┹, 奧эュ蒸┺35︸艾鄂┹鶫裸鶫剥┛ヘ

健┺┚ы健┺声メ健┺35Y奧O鈑賠弥э0.70, 岏

霽︸繁奧ヘ健┺┚ы健┺覇鉉翁モ35︸艾鄂┹ュ凘, 

頓δヘ健┺┚ы健┺声メ健┺35Μ鈑暒籾, 榺紒ュ

ヘヘ逃梗┛ 

3.4  Ϣ㒣偠ൟⱘᇍ↨ 

豪ホ41桿ナ声18桿ナ鞄麌35桷賠小鈑︸艾澋

滕1桿ナ�41桿ナ35ナ89𥿔鈑藥, ユ誕MV︸繁35艾浄 
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㸼2  ¿┛縟桿鞄35痄森小鈑 

Table 2  Hidden parameters of adults of Pinus tabulaeformis 

18桿ナ 18-year-old 41桿ナ 41-year-old 小鈑 

Parameter 

森τ 

Meaning 
小鈑還 Value 渉欸O鈑 CV (%) 小鈑還 Value 渉欸O鈑 CV (%) 

r 鰀察櫈腋  

Water resistance 

2.97 0.46 3.40 2.07 

P1 桿旔紅𥐮鏥83 

Slope for ring compartment 

2.60 2.60 5.40 0.51 

Ȝ 桿旔ナ89𥿔紅𥐮小鈑 

Ring biomass allocation parameter 

0.73 0.20 0.40 0.35 

Sp ｛諺脣淅螞⌇  

Plant projection area 

2.85 m2 0.49 78.00 m2 1.00 

 

 

㸼3  ¿┛縟桿鞄︸繁宓攴慧橫小鈑還 

Table 3  Parameters of model calibration for adults of Pinus tabulaeformis  

桿汏 Age  賠鑷屢宓攴 Root 

mean square error

桷賠Y奧宓攴班奧還  

Average absolute relative error 

r 

鞄档圴掮ナ89𥿔 Stem internode biomass  28.90 0.44 0.90 

鞄'03 Tree height  16.70 0.28 0.96 

鞄档圴掮U渟 Stem internode diameter  0.89 0.24 0.95 

ヘ健┺圴掮ナ89𥿔 Internode biomass of 1st level branch 1.20 0.68 0.70 

ы健┺圴掮ナ89𥿔 Internode biomass of 2nd level branch 2.00 0.80 0.75 

18桿ナ  

18-year-old 

メ健┺圴掮ナ89𥿔 Internode biomass of 3rd level branch  1.30 1.10 0.56 

鞄档圴掮ナ89𥿔 Stem internode biomass 50.50 0.45 0.84 

鞄'03 Tree height 28.21 0.22 0.99 

鞄档圴掮U渟 Stem internode diameter  1.35 0.16 0.98 

ヘ健┺圴掮ナ89𥿔 Internode biomass of 1st level branch 54.41 0.57 0.68 

ы健┺圴掮ナ89𥿔 Internode biomass of 2nd level branch  1.52 0.76 0.79 

41桿ナ  

41-year-old 

メ健┺圴掮ナ89𥿔 Internode biomass of 3rd level branch  1.10 2.02 0.50 

 

 
4  ¿┛圴掮獪ナ89𥿔声𩸕鐘獪ナ89𥿔艾浄還声圈氄還35

奧訒┛ 

Fig. 4  Comparison of simulation and observed data for total 

internode biomass and total needle biomass of Pinus tabulae- 

formis. 

鈑藥槀≳奧訒┛¿┛鞄鐘┚圴掮森鰀83賠沼50%┛

誕MV︸繁小彩'03軌よシ(2009)35┴汏-ナ89𥿔豚洫

︸繁, ラэ妋︸繁εこ゚韋𩸕奧¿┛縟桿鞄, 彩熳穀

奧┴麌聴┡-札忘︸繁35艾浄糦ホ35韋18桿ナ声41

桿ナ35鞄麌, 頓姿覇MV儃隸麝錮糦ホ18桿ナ�40桿

ナ35鈑藥┛┴汏-ナ89𥿔豚洫穴歡δ:  

Wtotal = 22747246.2342/(1 + exp(8.5571 �  

0.078679A))                    (7) 

歡Ο, Wtotal韋莢桿汏δA隸¿┛35収麌獪ナ89𥿔, A

韋莢鞄麌桿汏┛ 

洛虹6罕学校法人 , 誕MV︸繁艾浄35鞄麌ナ89𥿔声

GreenLab︸繁艾浄還35Y倦O鈑梫0.98, 桷賠Y奧

宓攴班奧還δ0.19, 賠鑷宓12 405┛獪35│岏 , 

GreenLab︸繁奧獪ナ89𥿔35︸艾鄂┹暒裸, 汚︸艾

還駛淟雁婀┛紅┭券初頓, ヘ韋頓δ聴┡-札忘︸繁

艾浄35珊麝暒婉; ы韋ユ𣠽苒35誕MV︸繁濤歡鶫

倦┛覇槀ヘ橳35せヽΟ, 綳こ゚殺弥珊麝𥿔, 梏ユ籾

△ū繁35誕MV︸繁殺印奧訒┛ 
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5  ¿┛鞄档濤燠ユナ89𥿔︸艾鈑藥ユ圈氄鈑藥35奧訒┛  

Fig. 5  Comparison of simulation and observed data for stem 

structure and stem biomass of Pinus tabulaeformis. 

 

 

4  ⊍ᵒৃ㾚࣪ᢳ 

屢藥čゝ澋滕35U蜥小鈑声痄森小鈑 , 覇

Digiplante㫖烏(Cournede et al., 2006)Ο妍18桿ナ声

41桿ナ¿┛濤燠35メ翼詔⁂湿皿燠蠑橎梗│(虹7)┛ 

5  㒧䆎䅼䆎 

麝錮府эGreenLab︸繁┡櫻х¿┛縟桿鞄35

聴┡-札忘︸繁┛妍聴┡-札忘︸繁棗ホэ鞄麌︸艾, 

ⓔ麹韋縟桿鞄35︸艾35ヘΜ紞こ゚砷佳韋面コ盲黹

35艝羝聴┡捓佳┛麝錮糦ホ紅寐臚珊35鑷®, 妍鞄 

 
 

6  誕MV︸繁ユGreenLab艾浄獪ナ89𥿔35奧訒┛ 

Fig. 6  Comparison between empirical model and GreenLab 

model for total biomass fitting. 
 

 
 

7  18桿ナ(攀)声41桿ナ(醤)¿┛35メ翼詔⁂湿︸艾┛ 

Fig. 7  3D simulation for 18-year-old (left) and 41-year-old 

(right) Pinus tabulaeformis. 

 

 

┺健麹声旔屋δ寐, 槀≳臚珊, 醐婉х¿┛濤燠声

ナ89𥿔I𥿔35隸掮; 豪ホ啀聴┡︸繁, 妍Y蒸ナコ

桿汏声圈氄桿汏35┺⁂δ韋ヘ𪘚35, 槀姿弥弥醐婉

х艾浄罕綳こ゚35府麝収形Μ鈑, 緯姿圴くх︸繁35

čゝ隸掮, 禾聴┡-札忘︸繁︸艾剣鶫縟朱モミ35

府麝収形35縟桿鞄麌縟δ詔忘┛ 

δх┡櫻¿┛縟桿鞄35聴┡-札忘︸繁, ŀ憩

こ゚奧︸繁槀≳餌圀, 毚棙嗎MV声čゝ澋滕︸繁35U

蜥小鈑┛41桿ナ¿┛35ヘ健┺┚ы健┺声メ健┺圴

掮紞𥿔声圴掮U渟35欸氊倦O35R
2
δ0.70�0.91 (p < 

0.000 1), 18桿ナ35R
2
δ0.73�0.93 (p < 0.000 1), 岏

霽ΖΜ桿汏竑35圴掮紞𥿔声圴掮U渟φ掮唸覇顆

砵35欸氊ナ圾倦O┛ 

41桿ナ¿┛35ヘ健┺┚ы健┺声メ健┺35𩸕鐘
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ナ89𥿔声圴掮ナ89𥿔35訒貨賠弥э18桿ナ¿┛, メ

健┺35𩸕鐘ナ89𥿔声圴掮ナ89𥿔35訒貨Y攴暒婀, 

榺岏霽痁ヌ¿┛桿汏35膨弥, +沛洩鶫渉湿, 𩸕鐘

35+沛歵ょ膨弥, 姿圴掮35+沛歵ょ醐婀┛榺ヘ聴

┹蠖学校法人縉淫, 圴掮声𩸕鐘35+沛洩痁隸掮晶ナ渉

湿, 頓姿覇畏醸35せヽΟ, 奧縟桿鞄35艾浄綳こ゚彩

熳+沛痁隸掮35渉湿, 頓姿綳こ゚艾浄+沛渉湿┛ 

鞄麌ナ圾声枲麝｛8935錫麹覇э鞄麌35桿旔

ナ圾┛奧э桿旔ナ圾艮以攸鶫ヘ茜せヽ, 貨洛0湈

︸繁┚Pressler︸繁(Deleuze & Houllier, 2002), 汚榺

茜︸繁覇蠑橎ュ蒸w蓬頓t┚ュ蒸ぉш瑤烏┚ュ蒸

鞄△声ュ蒸桿汏橊竑35鞄麌隸, 鄂┹隸裸隸剥┛δ

х⋛袴ュ蒸桿旔ナ圾︸歡櫳ホ狢35捓佳, 麝錮殃激

Ȝ還妍Pressler︸繁声傑寉紅𥐮︸歡聴浄𪆐│, 緯姿

⋛袴х桿旔ナ圾︸歡35駛櫳狢捓佳┛毚棙奧¿┛縟

桿鞄35︸艾, 晶xュ蒸桿汏35Ȝ還ュ蒸, Ȝ還異э0�1

φ掮, 18桿ナ¿┛声41桿ナ¿┛35Ȝ還Y攴暒弥, 岏

霽¿┛35桿旔ナ89𥿔紅𥐮︸歡消桿汏35淅箭暒弥┛ 

GreenLab︸繁奧圴掮獪紞声𩸕鐘獪紞35︸艾

鄂┹訒暒裸, 艾浄還声圈I還暒蜥楆, 奧2Μ桿汏

35¿┛鞄麌圴掮侉紞┚鞄'03声鞄档U渟35艾浄聴┹

ś霽, 艾浄還声圈I還35Y倦O鈑覇0.84�0.98φ

掮; 岏霽GreenLab︸繁詔印暒裸芭︸艾鞄麌35鞄

'03┚鞄档U渟声ナ89𥿔┛艾浄35ヘ健┺┚ы健┺声

メ健┺35Y倦O鈑賠弥э0.70, 岏霽︸繁奧ヘ健

┺┚ы健┺鉉翁モ35︸艾鄂┹ュ凘┛ 

紹勿, 麝錮小彩晶ś35誕MV︸繁奧GreenLab︸

繁槀≳хMV儃┛聴┹ś霽, GreenLab︸艾35¿┛獪

ナ89𥿔声誕MV︸繁︸艾35聴┹Y倦O鈑梫0.98, 獪

圴掮ナ89𥿔Y倦O鈑梫0.95, 獪鐘ナ89𥿔35Y倦O

鈑意鶫 0.75, レY奧宓攴班奧還梫 0.30, 岏霽

GreenLab︸繁覇︸艾鐘ナ89𥿔モ声誕MV︸繁攴匵

暒弥┛ラэ麝せヽ𣠽沼35珊麝暒婉, 奧︸繁35MV儃

榰綳鴦籾35鈑藥, 梏糦ホュ蒸ū繁35誕MV︸繁槀≳

MV儃, 妋錮35MV儃蕉韋聴┡-札忘︸繁声誕MV︸繁

Y唖MV儃35降橳嫗嗎, 覇畏醸35せヽΟ綳こ゚殺沛榺

鑷螞35擺屋┛ 

㟈䇶  胸鯉助淋窄948肋差妙折(2008-4-63)苦胸鯉

埓坪糸容減艮妙折(30872022)垓嚀。 
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