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The simulation models of the forest carbon cycle on a large scale. a review
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Abstract: The carbon cycle in forest ecosystems is an important part of the global terrestrial ecosystem carbon cycle, and
models have become a necessary means used. to study the forest carbon cycle. Forest carbon cycle models can be classified
into statistical models and process models;. and the latter have gradually become dominant due to their complete theoretical
framework , rigorous structural analysis, and clear process mechanism. This paper reviews the studies on forest carbon cycle
process models on a large scale from three aspects: geochemical process models, terrestrial physical process models, and
biological process models. Their main features, advantages, and application status are summarized, and the limitations of
these models are also discussed systematically. Geochemical process models focus on the cycle process of important elements
(‘'such as carbon, nitrogen|; and water) among the vegetation, litter, and soil organic matter, which can be used to simulate
the forest carbon balance, vegetation productivity, and nutrient utilization. Terrestrial physical process models focus on the
process of energy and momentum exchange between vegetation and the external environment under different atmospheric
conditions , which emphasize the interaction between climate and vegetation. Meanwhile, complex processes are considered
by terrestrial physical process models, including reflection, absorption, scattering, transmission, and other processes.
Biological process models, focus on the analysis of vegetation composition, distribution characteristics, and dynamic
changes under different environmental conditions. Biological process models can be further divided into biogeographic
models, light-use efficiency models, and dynamic vegetation models. In this review, the existing problems associated with

the simulation of forest carbon cycle processes are discussed, such as the uncertainty of input data and model mechanism,
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scale effect, and topographic effect, which need to be further studied. One of the main problems is the uncertainty of input
data, which affects the accuracy of forest carbon cycle process simulation. Furthermore, the uncertainty of model mechanism
also makes the simulation difficult. Another issue is the scale effect associated with the mismatch among the observation,
model, and surface process scales. The scale effect may cause contrasting resulis in the simulation of forest carbon cycle
processes. Note that there exists obvious topographic effects on simulation models in complex terrains. Finally, the prospects
of implementing these models into future studies are discussed. When ignoring the feedback effect of vegetation. on
atmosphere,, geochemical process models are suitable for the simulation of carbon budget on a regional scale, .and the
biogeographic models are suitable for the study of vegetation distribution characteristics on a global scale. However, under
the current background of global change, in order to meet the various needs of forest carbon cycle simulation, such as
carbon budget, evapotranspiration process, vegetation succession process, and vegetation feedback to the atmosphere, the
terrestrial physical process models and the dynamic global vegetation models will be used as.the mainstream research into
forest carbon cycle process models in the future. This review can be served as a reference when selecting models for forest

ecosystem carbon cycle simulation at various spatial scales.

Key Words: forest ecosystem; carbon cycle; process simulation model ; large scale
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Fig.1 Trend of forest carbon cycle research in recent fifteen years

http ; //www.ecologica.cn



134 UREE A KRR RRARBR 0 1 R B DA B 25 43

ARSI TR R BB P e AU Y | g s AT ) 73 Dy b R A~ e R AR ol 1y P iod A 2
AP RERERESE 3 2P B ZRIR . TRARAT 43 45 ST AE BRARAE 25 R GURRAG ML 3 B HTBAR [R]85 2R

ARBRAE PR SLURIT F H 14 TR A i SR R Fe | 5 7 S AN [ 24 ) RUBE R RRb A 285 28 G i 0 PRASE DU 7Y 114 308 95 2 {3t
2%,

1 RETR

FUHT, B K 1 R R R S R AR o) AR 25 2R el PR R HEA TR0, 0O B R R A3 o
S ML A0 A ) MR A~ AR Il i A= ) 0y PSR A ) i BRSBTS A5 AR i 1) A Py i ek o Aol
FEYI IR ShASRBOR AR RERR 2 b NIRRT RS AR AR A8 1 o A DR B4 Ay # 25 A
AR TS | Sl AR AR R R RE R AR AR, I8 S i S AR M ) R R 2 B A AL A Y, e {7 25 i
FERYRLAIFBEA A B DX, R SR Y AR TR R 2% 1B S PRER 0 X AR A A0 Tl 25 A AR AR R R e A
PEEISETY 21 AN S AT A A0 L 2% 1 Bl I 1) R AR A, AR S R G th WY -fesA- R M A o A —
SE I Y TR N AR LA I I R BT LR ®)  FR b, AR ASE 00 2% 1y A 25 i P DI AR S R RUE R ki
PRI REALUSE IR 73 by iy Al o R AR |l T ) B i R A TR A 5 AR AR TRl £k . Herp | 2% pE B A5
AR B (R 5 B BR A i RS TR Al 1 40y B AR TR i — 257 Ay LA AL 0y el ) S 1 LA 2 AR
R HERE AR | A RS 73 SRR IR A g b B ASE R S S AR B 2 | T SE R fy g A 5K g
HRE AL I s RO B E S A AR (R 1)

2 iERL IS IEARE

MO IR AL 2 R 25 6 25 IR AU | LIRSS T IR IE R e T A A st T 0 7 ) 0 SR DL 7
LA 2Z [ B BT (Anf A& KA ) BOTEERHILE] , o] PR AR ARBR WS S AR 7™ 1 LA R SR o R A6
MR A~ AR AR AR D) I SR A7 DR S Bl M S I AT 038, AR B 2 75 2% JE AR B Y sh 2572 Ak, HenT o3
h S AR A Y R B A A B (SR
2.1 DIERASHE N HEA 0y H R Al e AR Y

LGSR R HEA 14 b 35Kk A Al PSS Al R AP o A PR B R - SBER BUAN A | DL R A B 1 DX A N 34 5
A7 o ZREIAEAAD B N ] A BT PRl R I ] 815 SE PR DUAFTE BUOR 22 5, HOBE S e — 1 3t IX ) THUR A i 26
HyL10s] JRFEHERA CENTURY 2% Biome-BGC 157 ( Biome-BioGeochemical Cycles, Biome-BGC) ,BEPS i
A ( Boreal Ecosystem Productivity Simulator, BEPS) . InTEC #% % ( Integrated Terrestrial Ecosystem Carbon-budget
Model, InTEC) %5,

CENTURY #4152 L) -3 45 44 T e o b (Bt 0 Wl BT R M BT AY 40 S AR e | 38 AL
BTN SRR | 255 S foe (R R A ) A G 2l (e A R ARER K BRAE) | I RIR A K
BN TR AR G AR I AR A TR R 1 CENTURY AR A 187 FH T 5% B RSP JE R A S R 4
T T R e A AR S R B R ME S R G A R ALY B R R ma R A R A A
I XU B AR A S R S, R4 CENTURY AR EL )32 T AR MR 25 R GE B0 st AL, (R A F
FEdE 1Y CENTURY FRYZE XA AR AL TA )2 0 2R bR 38 BB (14 25 PO AP0 aod A8 v 7 7 ™ o 14 45 4 P [ R
CENTURY BRI [R] 73 B30 1 AN XE LA DL A 8] RUBE 1A A9 40 o A A 8, ] Ip 28 2L ke =2 o8 St 54
R BAE A AL

Biome-BGC AL 2y 55 [ Montana K2% NTSG ( Numerical Terradynamic Simulation Group ) iff 5% 2H £
TR0 A 25 R G sk L K T S A 1) st AR, LT B2 Forest-BGC 51781 ] 43 Bl H
Biome-BGC BIARLI AR 43Ky 7 2, AR &5 P : spin-up B ARE 35 E 1928 B S S8 Bl e SR %
B TV AT T CO, MR BEAEFN AR TR HEA T RIS Y A RS R BIRRE 5 MU 208 FH S P

http ; //www.ecologica.cn



38 %

44

Ty ORI =S AV R o O (T o =2 2T

[co1-¢6]  JT X - d 0 0 d d d d d d d - €007 WADQ-[d1
B A FEWHHT
76706 TN 0 0 0 d 0 d 0 d 0 d ¢ S661 SSAVIN
[e606]  w%Wa & AL popous
[68-08] JFWgx Ay d 0 0 0 0 d 0 d 0 d - TE 6 oworg oo eosiolotg
T KT [k Ans /BT
[6L-L9] X o d d 0 d d d d d d d i ‘ 9661 SId1
i A i G WD
[99-66]  WTAWH Ay finfy 0 d 0 d d 0 0 0 d d U 9661 qrs popou ssooud
AR BN [eorsdyd [ensoug,
[85-¢6] Y - 0 0 0 d d d 0 0 d d S661 WIAV
#PwY H T S Bl L
[vS-Lv] ¥ Hgx -H d 0 d d 0 d d d d d 010C NI1d
REST s £l SERElES
[ov-v€ ‘T€] WTWr« 0 d d d 0 d 0 0 d d 000C DAL
pEA s Ay T E
} VEYTW
[g€-97] Y| -H 0 d 0 d 0 d 0 0 d d L1661 Sddd
X% Ex I EI
ST-81 A T - d d 0 d 0 d 0 0 d d €661 Dog-owory
[ ] pcx7 8| 4 H TR W [opow
WG ss9001d [RO1WAYD095)
[L1-6] i ] - 0 0 0 d 0 d 0 0 d d * 8861  KMNINTD
wa o wH B TR T
sadfy
Eﬂnmm i, ?”HMU M K nmﬁﬂmn n mmﬁmm”wm% :o:mh% :H“MMMMW/ ﬁwv:@ HoIss90ons odfy uoneedo A e
o b ’ ~ a ) .:mhc%,»m_ b uoqen) zczﬁwww\/ :csﬂmwm\/ b o ] :o:w.u:gmm [epow
S90UAINTO [E(S [] Suney PRE L —  WmxN . - ) = o ®9 ad4 1opo;
wcre " sim wnew mavw TR ap o0 wow s 0 > PO g S
X Z HE g X WH  HAYH % [ 4 S [ B
N B s Y R .
v—mom @Tﬁu.—mv;%ﬂ Uﬂmiﬁumhﬁﬁo ?132 uvwvambu.ﬁ_ ﬁdnﬁﬂo
TN P e WeWlat

3[eds dZae[ € U0 DL UOQIBD ISAI0) JI0J SPpowr dAnejudsdIdaa Suowe suostredwio) 1 Iqe],

ENTHEAH RO EVY 1%

//www.ecologica.cn

http



134 WREE A KRB0 1 R DR B 25 45

SAGERT CO, MR BE AR AR 25 RGERRAE IR L FE . Biome-BGC 7[R H AT #5548 B SIAR Bl 78 X 3k RBE B %<,
A A 137 ) DR 34T T3 I 22 L (B 2 35 4 L KO- A M 7 K e 18] T2 R /K 14 155 1L A7 7E Bl
BEE2 B 2 TR (Can kg s HUE A5 ) I RE IR, AR 22 14 i A\ S8 BR ) 1 2R A A B R R BE Y [T
A

BEPS ##1 IR 7E Forest-BGC i ARARAL ) ) 3L Ath I & e ok 1) 4 2508 B S AL 0 FH TR B &
Gk JK RIS ELNE] S B R R B SR T g R AL T AR AE S R GE, BEPS BEEIGI AT
S 1) R S i B UK A0 )0 B AR TSR KRR J2 it e 20 SR G BRI R RS 0 e, 23 0 UL P R e
AR, IZAE R Farquhar 87 SEA 7 A 2 48, AT A B 1 A [ 5090 R AN ) 2 280 Al ) e
[ R, L2 e 7 P e SRR R () st 3 ROBE 640l > BEPS BAURANTE E AN e T % b b A5 e i) 1)
FT HEE A ) IZ R, A DX s RURE 0 A [ R Y BB 9, (H BEPS B R A IR B AL
A T A R BN R BbR I X BRARAE S R GEAE 7 ) W2 R ALIORG 32 5 ZUARHE T - M B SR A S B )
TR tE, BT B M E TR AR TR X, HOK IR

InTEC FA 2 F i — ) i 25 B8 S PRI 4F 0 AR MR Bl (b e AR ISR | g HL 56 56 ) %ot B A7 45
S e AR B ) Sr BERE O H . InTEC BRI 4 MO BEHL . BUD B AIE 1 (9 CENTURY AR 40
FOGAVERRY Farqhuar 578 AR0] A 59610 B8 R B2 1) = 4R /K SRR LK NPP 55 MRG0 AR i 22 (8] (1) £ 0 A A
InTEC ASH1 % FH 4 B[R] 7 470 (9 X358 B 42 BR AR R GERBAR V0t RS0, FEC AL 2 R ARbR > i 5%
FRR O B ) P 0 R BB R A 2 2t R A RSt /N4 e 0 T4 T P 4 ) B A ek ) ) B 4 R
JEPR O A S RGRIF TWIE . InTEC BR800 ASH0h S %48 NPP (), H NPP 5 AK5M4E
1 22 [ P4 226 0 G R X R ARG B 1) S M 2 T B i MR B A 7% 1 - 3T AR A 5 | 11 e )22 A 3 R % ik
TEIA AR M
2.2 LASHAS MBI A HEA 0 L BR Ak 2 i RS A

LSl 2SR R A 04 b 35k A 27 o PR ASE AR AR B SIS R 1) 43 A R Hh S RN I AR e | DA SR 0 A
5 SR — AL TP AR S BR8N, AR RUAR 8 PR 58 25 P UM A HOIR S (4 I 20 A ) 21
SR ESAE S 52 , DAShASHE B SRR s R Al 2 i REASE Y BE 6% b P I AU B AL T AR S R GE S5 M AN
LA A A ) 8, AR R AR AL DEEM AT ( Dynamic Land Ecosystem Model ,DLEM)

DLEM #4725 ] TR 2l | 2 0 R A 1 FASHOL R 2B 25 R Ge e R KA IR (o R A A | HL5
BB T HERAL S BB S 2GR, IF ] 2» B H . DLEM FERY 3= 2046035 A Wy ) BRASCHR AR W) A B
B MR AT A B B AR L R - R A AR AE 5 AL O I AR sh AR R T
S RIS T AR M PR A A SR B A S 4 R S R, R P USSR U] P AL - 3 ) A2 f %
HoAts 4 TP 2R, DLEM R8T S BAU O UIRR A LA S A T 55 Z2 R R e T il 2B 25
REAEHGS L E A 0 Jeet Bt B AR KR IR TRRST (R AR TR 1 K AN R 2
B S AR ) Tz N

3o BhTEHIE I PR R

Pty B e AR R FR AR AN R R OB 25 0 T (Rl UM XU A 45 ) AL 5 S0 B 19 2 A gl S
AR, R AR AR S R G AR A M IX I AR Z ] A DI G AR o 5 Bk 2 o R RIS AL o v Ay B i 7
BRI ATt — 270 RS AR RN B 2SR
3.1 DARRASAE g S A4 i i 4y L R AT

DA SRR R S )l T ) B AR B R AR B B R P AR I S R LR S M R AL 25 5 IR
[RI PRI S5 T AR R 2 00 A ) e BEOCTE ) S S IR IO i i 25 SR i DA RO 2 2 UK A e, AR
PRI AVIM %Y ( Atmosphere-Vegetation Interaction Model, AVIM ) F1 SiB ( Simple Biosphere Model, SiB)

http ; //www.ecologica.cn



46 2 SRR

2
He

Eild 38 &

B

AVIM AL S5 fy Z 24 5 J L e 1 R B EA T PSS, R 1 It 7 L o A R 2 B 250k
i, HAL & Wy PRAC 75 ) AR K TR B S B A e, v W) B AS 4 TR R T L - - R
SESER A BE A BT e AR R R R RDIR A e, BRI AR P O AR A R )2 | R R R TR R
&, F i S R e 2 | 3K AR AR AR K RO R TR A PG AR Sy
Fe JRYE LIS e A B SEIRLEE K 43 | CO, YR 45 Y F XA AR A A R 3 ) AVIM A AL A o ]
KL ARARAEZS R Gt T BT > | ) B Bl 0 A5 g A AT DX 0 R 4 3R RUBE I ot A 785 22 596 14 B A% % 1o
FRLAJe NPPEY JEIAT E bR A B POk LESTTHRI . AVIM SRR B B 5 FR5E — AL TP AR, h
B[R] 5 A TR A DA R R R R A B Y 2 ), X 1T BB 5 S PRI BUAF TR R 22 57

SiB ARG LLRE R B Wy PR A O A, A SR R R A AR B AR L A DL Sz e
G Z S50, SiB1AFEALIE Sellers 557 G271 AP BRAIL ] A LA 10 55— 0 ) IR AL, 76 SiB1 Ry 3k
il I, Sellers 251 3 1 5 26 A VR FHFSEAL 05 | AR I8 (i IR 4 DG A R AR AT ()2 1)
SRR BOIRAS A1 01 T B o 8 7 K S AT A Ll T o 4 b A O ST B K A e et AR B SiB2
AL, SiB3 MR A SiB2 MR RN 5 I T 5 ) s 2 e i e A Y RS A 2 e 0 & T
WX TOLRUEZ MR E)Z . SiB RV G5 18 T AW B R sd e, xF COy TR  Z& Uk K g it
7 A ARV BOR BT %) AR L2200 1 3K 43 14 0 1) 3 2l AR JS I /N M6 52 e LA K K L | - 39 g
S5 I REEAE AR
3.2 DAShASHE B A A 0% Bl T A B A A

DA AR A St )l T ) B R R R R 8] 1 A5 AR I A R LR I . — 5 T, A0 4 1 e I (1]

SRR A P Mg | T RRAE B RPAIE | BB I B] O3, e e XA A ) 2R 28 5 M N2 LSl R S 5 o — 7
T, AL UM 14 S A5V P 32 S 3R B H K SCRO8 AR BERIONE |, BIFE— 5 250 T R RE A8 AU 3t 3R AR AT L 1+
K R K LA R Z8 80 Z IA) A 43 T O , [ IRAEL Rt P 4o 52 e 1 3 2 R gk — 2D 5 i ST JRLBE . DA gl
A S It T A B e RS el TR 5 /0% (0 XU R A AR O DR 1 BT PR 3o R 1 5 2
P AR AR A JE: IBIS #5%Y (Integrated Biosphere Simulator, IBIS) ,

IBIS FLRYE Foley 457 £ 37 pHAEAUAE VYRR R HAD 35 5 A F2 2 e Bl i i RSB LA LSX B 1 %
ASTHL S TR - R - R G SRR Y R B AL R R R R e A B T Farquhar YG A A
FHRSALAN Ball-berry L FEREEREAI T il A R 4 568 )23 00 A 380 A 255 5 A e ) A A AT 9 R TR S 5 1 T e
R TR (1 A B B R 0E 72 G 4 P AR B R R Ak {10 2 1 20 0 s i) 5 4 20 2 A g Al ok
Bl 15 R B RERAAY ARG LAUIAS [ A Bl 2 RE 2 8] 1) 5 4 5 8 5 1S BR AL 2 AT Century A5 RIS
RSB PR A~ W) SR T shid B2 . IBIS ARIZRG 58 T iR AL ad B2 | Bk L A2 AR B sh A5 ad e, g
ARG IR, BT T RABL S 2 A I ] 25 HE AFD 2RO AR B0 PR A2 . 24 i, IBIS AR RL7E [ N A1
ATz W A XREE T R R RUEE T S, L IBIS ALAL BT (4 AN IR 2R A A SR T
FCH Tz (R A o R K R PR A R P AF AEBRRE ™ [RIR Kuchark 557 4 1 IBIS BERUANE ] T
PLFDURE 2 A 2 e 1] 58 AN F) P B 2R SO 32 PR SO o i PR 22
4 HYTEER

A= i AR Y AR T O MR S R G B B IR PR e | G 45 G RE A I A A= 1y b PRAS L 1 5y
ASAHGAEIY  SCREA AR T T OFFEA I PREE R 1% A= 28 R GE A AR 77 ) A3 AR A 5 00 A0 40 by P A
BN AR AR U T B AN [RI PR E 25 1 R A 25 R A o A R AR L B s 257846 45

4.1 JEREFIHRAEIRY
FCRE ) FH AR P e BB AE 18 B IR 2, R 106 &V e BUde T A e 2 IR i e & A R

http ; //www.ecologica.cn



13 AR AR RN ARRBRIE IR 1 B SURR B £55 47

SR AL RIS AR L — A T Y L) (T A SR KOG RE A I 30) M R BH BB R AL oAk~ . MR BRI B T 2% 1&
MR ROEEAE IR, Hom 6 & A7 S0 S FOG RE M 3 458 I 7t A i 2k 7 ) AR IERE AT GLO-PEM
BRI CASA FRSOVFT SDBM ASIHLNT S R A FH AR Ay i SR IR S AR | A S e B IO B RE R
HNER SR T L SR, 2 2R REE IR M ™ AT, e S A (220 T K A3 RLRE P A A A
FPGRER AR R0 T A SO AR | B AR SR A R R s S A Bk 157 N3 L
i SRS UE 7 NG RER AR AL RO B2 | e SR R BRI E AR HRUEE b ¢ o i RN HE A 14 2 72 g b
R BARAINE L, [R) I AR S B AR B R I A AR ARAG AR

4.2 LY AR

A=l PHASE Y DA AR AR B PR SRR K A 25 RGBSR OC Y e, LA SUe-A 1l 7028 3
i, FEE T RAUA R RS 25 F T A )RR i G 2 0 oA s 0 A S 3T, AR S IR B AE S AU 7
RLALh i R Ak T AR S HANAE AR5 B8O, AR A R DR s AR A8 20 A1 FVRFAE 1221 LA P A= 285 2
PR~ AT 5 PR ] PR A 3 S A DR o 5 e (B AR BV E P, b, AR B 25 29l ek A Ak
W 2 FR IR AR B2 252 A5 3, T TOR0E ARSI 20 R 5 SRR R R DD T A A 5 K
fiE, T AR A A A BRSO RUEE b A BRAT B 19 53 A5 155 O 4B X R b A0 45 SR v fig
SSBREBUARF A 55— AN I A PR A5 A 1 S Sk A AR 7 2 R N, S BB AL ADUAE 4 A A i e )
iR A s AR A LR 0 RS Biome R FIBLLA MAPSS B! (Mapped Atmosphere-Plant-Soil System,
MAPSS) .

Biome FRINEALEE [ SRAE R 43 F A W] 1 LR PURE X ZE AR TR B0 N A R XN A — D a2
HAE A Biomel AL VICAEBE ST 13 AR UIRE L, AR AN [ AR B2 A0 43 A 114 4= 3B ] 2% 1 , 4S540
FEAET 1T A A REIX AL R 1A A 1) 2 TR0 A Jm VB ZE R it 5T . 1T Biomel (254 ]
B TCHE TN A2 AR A RGURHIE , Biome2 FIRLR T RED Biomel HYERFAE, TIA T MR TR R RS
Hlk KR Biome2 FEALRENS 7 4Bk RUSE L DU B 1) 4 A5 A — 285 B4R, W0 NPP RSP R #0516
£, Biome3 B FE Biome2 HYFERI 1-B54 T A= Wy BRI M ER 27 ik | 22ia 0B A 1 431 ELEEAR & 21 Bk
g B rh . Biome3 ARBIREMERIIL A R b AR 28 R G0 S T AR EE 0 NPP, LUK G35\ U2 1) R AL A
4 BB = IR AR EAE ALK TIEHIE . Biome R FRIFE [ br_b# H T REM X 58 % 4 8RR BE B 2R
SR ALK R 14 5 e FVASTADARE A (9 7 A R AE S R A ) S g %) 2 3 i ) Biome3 AALIFSE 1 4 [ A
B — A = I ARG LT e AR AR R K BB 1 A 4 A NPP U A

MAPSS R 08 5 i LU B2 (EF i (R ) (i (Rt ) AR BT ) R
AR FIRE B - T AR BOR D e RIS R O o T AR AL J2 R S A% o K o0 A% B 25 A, P T B 2 BRI e
FARFEBEAY 70 A 15 0 . " MAPSS AR R Fy 55 18 ik 2= 35 Mt B8 25 PR 8 B 1 2 1A% i Ak 1) AUt | PR B0 A 2
FEVHAR I AR 28, I LA R P 12 A A 8 R e 2 3% B2 331 B S DAty FRRE A A 1% 28 ) A R 4 1)
TR S AL, MAPSS #5581 T 2 0y H T 5 [ O il 32 S s S AL, 2 280 X e St ol Dl e o 122 A L 1 il
HERERL T AU AR AT T AR B s
4.3 SIS

SN ASAE WS AL B 4 Zh 288 A B2 AE AN [F] R BRI 50 1, BE SO AR R AR (T AR K W)
i ) FERLIN (] RUBE b2 & A= 28 Ak BB N 1] A G, — SRR i P (RN 454 A 5F ) as R AE 8k,
FBA IR A T W0 (WK B SE ) B Rl B2 DL s BR B A, AR R MR AL LP) R AR AL (Lund-
potsdam-Jena Model, LPJ) .

LPJ BRIV AT AE Biome3 BEAYILA [ SN ASAEGAREAY FE T ik JKIEFR S BRI s sh AL #E .
T Biome Z 51 ¥ A % & M B A 30 S o 8, LPJ-DGVM # %11 ( Lund-potsdam-Jena Dynamic Global
Vegetation Model, LPJ-DGVM) Wiz MM AE , HDMEBOEAAE H A )2 fe i A | K1 i Fn S5 2F 1 45

http ; //www.ecologica.cn



48 JAE = 38 &

Ry e, WA T AR AR B R OCE VR AR AT (IR B (B KA B ) At sk 2 5 AR (M BIE
JZRE R AcHT AR ) BRI S |AT KCICHLE, B TR R R ARG R, LPJ-GUESS #ER1 Y A T
LPJ-DGVM AR FIAFLUAE 4 Rl e sh A5 i R B9 GUESS BT 2046 31 W Fh 4~ R 7K S B, 0T LAAE 2R LB (9
Fft BEIE ER ARG UL SRR ) EXT R A S R GG AT RESEAT RN, LPY ZR SIS R AE W Y A
JESE IR 2 | RN A R AR R Ry T [ N (B AR R A S e AR R AR AN T
PR 2 A S 4 iR AR Al Sk i s -

5 EES5RE

5.1 fATERYIR)

BMAEBRGENE S, W 2 AR R bl 2 | ik b2 B A () AR gl 2 80 g A Bt 7
&, WIMORE  BRARIAE I it BB A AE — 2L ()8, A ik — 2D 583
511 FREAEIKHE

TG B 3t AR AR %) ] R AR R AR T AR A o | FH %) ks 2 N R A s wiZs, |
T, AR FF B 0 2 0] LAAE SCHR TP R 21 A Jorgensen 2518 WAE T A A5 H AR AR RO 2 120000 NS4k, Rt
AR (%) SR S T D 3 SIS A D R AR I, R — R B A AR X S e R SOk T o R
ARBUHXT A B SHOBUE X 0], N TR R Z it — L ) F ol St e N TR 235 el AiN, t
ACHERT , 3 A PR & 24 i BB 32 N A R R 22— AR AR R I — SR 7 S R Sk Re i K
RIEARB AR HE R BUAS , 4 SCE-UA 7% (SP-UCL 3L5E, FlE ARG IA o B 58 IR AR R i BRI iy &2
Z R P AR O B 5, Al 7 R A S80S ) N SR A fe D S 55T e — RO R
5.1.2 BB

Bl 25 B A1 P o R AR (1) e Ji | S B gURR M A A O T 2 A0 A 3 R AR — R4 A R i S8, T
X T —NREE G X S, HOCHESHUR A BRI, SECUBE A8 T X BB S 800 22k, DL RO
PR B 25 KRR S5 SR 77 A AR ], G4 FRa S SRR A 43 BT N 4 SRy SR oA SR AR A M TR
B Gy iAE AL % R SR ] P B TS EE J s | R EEA SR BUE AR {4 mT RE S
Wi 1% 2 B RN E T 25 SR . 5 SR R PR Z AT A EL , 4 SR SURRAE 20 BT AS (XL RE RS ARG 565 PR S SO AR US4 25
TRV RERE IR R8T S 802 [N A ELVE P25 SR 0 g ) (0 HO PR A A FEI G Aok A Rt i
SRR S BT 1 22 T A R R A AT AR X A A A 2 B R B o AR AL 5T, & T
S 42 R U I B TR R I A R —
5.1.3 BEIRIGIIE

H AT, X R REE B A 25 R Ge i I o R () B 25 SR AT B0 E 23 2 Rl (1) BBl 25 5 5 50
BT ot , o SR B S BF 5 DX S D 0 4[] — I 309 1) S B H . SR T 5 bR A 285 2 5 o 3 S U] oA )
B G EARAERR ) RBE R o 45 R PR HE IR IR . (A1 sE AS [] D7 6k LI A 3 (LA A7 AR 22 8, o,
Xu ZE0 T S SIE FRIN AR 27 R BE U 5 22 Al T R BR AR A S R G0 NEP, & BUIR FE B 5 22 1500 ZR AR I A
JHAER RS TR, (2) 5 HAWB R A RI0L25 R A7 28 SCBUE , RICKS [F]— B30 | []— B 5% IX A RS U RS 401 25
TR H AR (R AL SR AT AT o 38 SUIHIE ) AR A1, 76 V80 AT 70 J 1 S B 0 B, T AT 455 28 11
BAUZE AL (0 B R AR T2 BRI B U i R
5.1.4 BN

I mT LA 1 22 Fh o SR M B G PR AR A L i DX I A S R S5O0, TN AR AL AR S
JF I L B K 43 R FR 0 5 A N 1 3 B AT AR S R G RRAE B T RS o | A B AR AR B
1T, — 77 T T o 3R S A (9 5 M, B0, Sun 5551 (i F BEPS A AUAR L. NPP IS, 433 il FH 2% 1 b T 38007
FUARTG FEHTE AN (G R IR s A8 23 B ke 1L, 25 8R4 R 1 1 M 2400, RE 8 A7 3088 /55 NPP B HDUKG

http ; //www.ecologica.cn



14 ARG AR KRB ARRBRIE R 1 B SURR B £55 49

BE AT T X R AE IR A REAALL (G 5 0, AN, Govind 251 25 R K AE 31 3 R b - 3K A i 1)
%, 7E BEPS fAI RS T TerrainLab MY A 50036 T2 RIAE MY 35 DX S A4 RE 7
5.1.5 RER

NI RUEE AR RUBE T b Ao i RUBE P38 S L 22 [ R AN DC B, AT B8 2 X B 17 2 2k R () A 4075 11 AR A ]
AILEIET ) TE FRARBRAG IR AR AR | R 2 K080 355 e UL 450 B R e v ORI K5, G faDp 22 R )
TINS5 e v XL B AR 45 6, TSR ST R IR i RS 5 1) — RO, A 1) ZE B R B0 SIE I, s
b TR0 X 1 sty w5 0t - RUBE BT RUBE | A2 Y TR B o FERABEADLAT 5% v 5 S A e 1) T - [] e, SO
B S AR 1 35 T RUBE (] A e Z2AS AU R £ It mT RE A7 AR RUBEAS DL E () B3, 75 2 30E— 28 5
5.1.6 AT

it FHARE BRI RUBE MR 28 3R G ARG P i P B A AN P, AR R U AT L3 S AL A7 AR R AS B
PE AR AR R A AS A 2 P LA SOOI BScdie o A Al e

(1) RoAEEFRHILGIAEAE AN E PR

HAT, AT BAE ERAIL I A TATE 0 77 78 Ja BRAE 45 ol 2 X ok 5 RN B Y 1 0 Wi P g A e 8 i — D I e
P T 6 2 52 A R[] ) 371 T it 110 ) 266 A A T A 6 ELAse 55, H T TE il 78 2 i e BRAR R 19 5 5
T, AMAERRGEGEN A SRR SRR T B, BT ORGP LT B EAE TR ARARORAE P i R A
AU T — LB LI [R]8, H R 240 0C FR R ATk | 3R AN E MER R IR —

(2) R TR AN M

BT BRAAE B R GG PR FE A9 15 Ak, JE T BB 5 ARG SRR 21 43 Fla A8 (AT SR N e ke T A 1)
A o), RS AN E M T —2E 4y 3 2RO (1) RS R R e v, LR IR B s S, —
M, TERIRLIZ AT WA KU b B ) — S BOE 2R R AR (E; (2) BRI B ANHA E 1, B
BEAY A T2 B P RS S B B R & AR AR A, 38 0 K S 2R SO0 B T (LA DA RUBE AT AR B A v 4
FREE R ZS S BT 5 (3) S AR5 BN 1 B 0 20 o RS A v Y ROARCIK Bl B 28 KA IR B0 i) 25 ) S Jo
PEAXT 55 , (E A ] AR A s Z1 AR R 1 DXl o EE B R S BRI BDIRAS A BE R , KAIR S SRR S8 B
RLRAS 1 ] 23 AR YA — B PR I TR R e 1 . PR, H TS ma 0 20 A 1) 28k AR S = |
RS B B i 2 S M RO RUBE I 114 A 2 A4 28 1) 22 LR (an A RUBE ) A5 1T R 3 S5 4l
BN LS Y 25 5%

(3) WD A B AN

UEAE Ok, SR IEREE I MU T R s bR S i AR T b T ORI P A A Y R, TG S b T ORI 3
R TR O AT AR AN 1 . AN R 25 AR /NS T ORI . 3L f8 R TBOURII B 220 % B[] Bsf
23 AR M AT AR B BRI A P 7E R ZR AR 25 10 RS 0L T 55 op B8 R 3 UL 1 2 55
A 2 ORI L S T A A e A % ) 22 LI | TG Ve 2 I T8 A R AR R A (Rl Al S5 Y 3R 2 i B TR R Y
AN P [ st T SR 05 R R 0 1 2 i {1 S I P TSP o 25 3 8 1 b 2 7 | JHOAS A o M T g i
i AR IR 2 1B 1 R LR M B A A 1 R P A5 2R
52 JgH

ARSI T FRARERAE PR BRI A ST BOIR , RHAC SRR AT TR 4E RN, JF i 1T HAL i A
FNEFHBIR o RIS 46050 T R AT B o R AR 1 (7% ) 1 % e a3

(1) HbER Ak 27 o R AR AN B T AU e b 1 080 V% 400 R 398G B 5 PR 38 B FOAH B 22 o] BT R I A i
&, HA LI S 4 7E X SRS b AR S LA, b AH L T 2l AR B ) b 3R Ak 2 s RS A i S 1Y
HER AL 22 3 PR AN BRSSO B 2 AU () AR Ak DL RO e B ek FE . BRI, TC I i S AR A RS A A 2 Bl A AR B
P bR A 27 o A BRIV S B M A8 R G A R EH

(2) B T B FRAR Y EE A [ KA A5 R T A 5 AP A B RE i N Bl 1 AC He o 72, R 605 7 Jo sl [i) U

= =

http ; //www.ecologica.cn



50 JAE = 38 G

X RGN I R BEA TR, S RE AR AR AR I PR S R R S A . o DASh A AR A O R Al ) it i gy B et
RRASEIR (1 IBIS AR ) A Ay ol A 5 A ) UL e R S A2 1O 7 T AL i/ 8l ik (1 S i B L R T
HERAE S B AR A e IR AN RS LA B B i e B WS S DL R 8 WO S R i RE 0 A AR b
B RGS ISR AR EH]

(3) LREFI IR BT T TR AL S R GER A ™ Ty 3 AR AL, 255 08 T 3R EE N XA B0 & A1 Al e
AL, AN BE ML B AE B A 252 04 £ JEE R AR AL S R GU A BR PR HILAR] o 2E 0y b BSR4 3 B A g =
FEHBARE , W TR A Bk RUBE AR A 15 00, EL el T =5 9 A A d e b Rk s R AR SR S
PREII A S AT AR D, ShASHIBREY (Un LPY R KR ) I B T8 B4 ) 3 2572 fid 7 | [
B TP (AR BRAE) ROEER AR LS BRI A AR BT MR A 2 A R 1 A ) 3t BEASETR it A A gl Y
AOBIL ] B 4 THT , RE SRS IUMM B i i e RS S 28 A i A A AR O R S B

T 2RI LA, AR SCHR AN RO R AR S5/ T, iR Al 2o T ARy 5 5 A6 400 B S A i 11X
SRR 1 BB S, Ay 3t BRSO U3 45 TR 58 4 BR NS SR 20 AR I, T 2 AT B A3 5 T, T
PUAB RS RSP R A EL R MR o R 1 T A R MRRR AR B RE AT 5 1) 22 b H R A B Wi S 15 B0 78 A
A AR TR R LA B AR RO R A B At P SN, L2 5l 285 i g SRl il T A L A 1R R 50 25
PRI U] R S R AR B (i 20 i AR Y A4 = AT 507 1)

ARMRBRAE IR R AR T RGNS, B 5, ISR AN W) BRI 2% 1 1 R TR AR 4 28 2 A B A 25 2 M o
FE, SLBBMEAIE | 130 SRR A AR BRI IR 22 . AR, IRATIE 2270 DX 500 B0 30 a B 1 2 W), LAt
KA IS PRAL BB R BIL ] , 75 e B BRI PR R 10 52 2 P, o A OB 5 48 | 20 22 PSR i R A 7
A AR BB AR . 5 = i 5 AR (925 5, e P IIE TS AR AR S R G5 ORI AR T, A
T A A S 58 35 A PRE S At RIL ] o 57 D, ZER 7 5 A AT 2 A% e 0 2 St B HG ™ i, o TR AR
B i R IR A R AR R PGS A A S — . SR B R D — A i 22 R s 1]
B R ReS e ORI 220 O , ST Al v D R4 B A B R A A ) o AR e T A R 25
DAL 4 K580 R A D 36 L T BRARBR AT PR ASEBA T, 312 R B 5 A A UIORS 2, X o2 4 s RO TSR A

5% 3Lk ( References) :

[ 1] Canadell B. Contribution to accelerating atmospheric C0O,// Growth From Economic Activity, Carbon Intensity, and Efficiency of Natural Sinks.
Proc.Natl.2010.

[2] Watson R T, Noble I R, Bolin B'B. Land Use, Land Use Change and Forestry. Cambridge: Cambridge University Press, 2000; 156-159.

[ 3] Takie, 2284, W WA DA A 7= I SR IF SR 458 . B2, 2015, 13(5) : 636-644.

[ 4] Zaks D P M, Ramankutty N, Barford C C, Foley J A. From Miami to Madison: Investigating the relationship between climate and terrestrial net
primary production. Global Biogeochemical Cycles, 2007, 21(3) : GB3004.

[ 5] Hansen P/'M, Schjoerring J K. Reflectance measurement of canopy biomass and nitrogen status in wheat crops using normalized difference vegetation
indices’ and partial least squares regression. Remote Sensing of Environment, 2003, 86(4) ; 542-553.

[ 6]y EF BB BRI, B HIAE SR, 2009, 20(6) : 1505-1510.

[ 71 EHWAES, XEA, MR BRARBRG IR Bt . BHEC T4, 2008, 26(9) @ 72-77.

[(8 ] Jorgensen S E, Bendoricchio G. Fundamentals of Ecological Modelling. 3rd ed. Amsterdam: Elsevier, 2001; 8-70.

[ 9] Parton W J, Stewart ] W, Cole C V. Dynamics of C, N, P and S in grassland soils: a model. Biogeochemistry, 1988, 5(1): 109-131.

[10] Parton W J, Scurlock ] M O, Ojima D S, Gilmanov T G, Scholes R J, Schimel D S, Kirchner T, Menaut J C, Seastedt T, Moya E G, Kamnalrut
A, Kinyamario J L Observations and modeling of biomass and soil organic matter dynamics for the grassland biome worldwide. Global
Biogeochemical Cycles, 1993, 7(4) ; 785-809.

(1] PEIERS, JAJ . DL f AR RER- I A SR A (LR I 5. AR S 244I, 2001, 12(4) : 481-484.

]
[12] BREAE, 2205707, Kb KSRGS REABOCRXBRAGER AR, JERB 4. AR, 2015, 51(3) : 306-312.
[13] @M, JAT Rk ohEJE kA = AR s 3 R IR F 43T, PEIbAE 448, 2005, 25(3) : 466-471.
[14] LR, B Century BEARILIE BEXF S LLARARA T T OS2 . W) AEZS 2440, 2000, 24(2) : 175-179.
[15] WL, /0, SREERE, Mokbs. FEHGEESIL EB A TAHAS RS C N REUK AL R B 5T, A L3S 24, 2003, 27(5) .

http ; //www.ecologica.cn



14 AR AR RN ARBRAIG R 1 B SURR B £55 51

690-699.

[16] FHRW, JAI M, #HAER, STNE:, YFRE:, M40, 26T CENTURY BEEIEDL AR KDL 200 242275 AN MR S S A S . 1o 2L 252
%, 2012, 23(9): 2411-2421.

[17] Kelly R H, Parton W J, Crocker G J, Graced P R, Klir J, Korschens M, Poulton P R, Richter D D. Simulating trends in soil organic carbon in
long-term experiments using the century model. Geoderma, 1997, 81(1/2) . 75-90.

[18] Running S W, Hunt E R Jr. Generalization of a forest ecosystem process model for other biomes, BIOME-BGC, and an application for global-scale
models. Scaling processes between leaf and landscape levels. Scaling physiological processes: Leaf to globe, 1993 141-158.

[19] Running S W, Coughlan J C. A general model of forest ecosystem processes for regional applications I. hydrologic balance, canopy gas exchange and
primary production processes. Ecological Modelling, 1988, 42(2) . 125-154.

[20] Turner D P, Ritts W D, Law B E, Cohen W B, Yang Z, Hudiburg T, Campbell J L., Duane M. Scaling net ecosystem production and net biome
production over a heterogeneous region in the western United States. Biogeosciences Discussions, 2007, 4(2) : 1093-1135.

[21] Thornton P E, Law B E, Gholz H L, Clark K L., Falge E, Ellsworth D S, Goldstein A H, Monson R K, Hollinger D, Falk M, Chen J, Spark J P.
Modeling and measuring the effects of disturbance history and climate on carbon and water budgets in evergreen needleleaf forests. Agricultural and
Forest Meteorology, 2002, 113(1/4) . 185-222.

[22] Chiesi M, Maselli F, Moriondo M, Fibbi L, Bindi M, Running S W. Application of BIOME-BGC to simulate Mediterranean forest processes.
Ecological Modelling, 2007, 206(1/2) : 179-190.

[23] REME, TRV, 22058, HhE. K E L FE LKA T AR R AL . 3T BIOME-BGC BRI . JLatRa:2A 4k . H
SRBL2ERR , 2014, 50(3) : 577-586.

[24] ffmisy, Fifge, FAZR. 2T BIOME-BGC BB K MR AR ) A 7 S B sl B AR 2441, 2016, 27(2) + 412-420.

[25] Schmid S, Zierl B, Bugmann H. Analyzing the carbon dynamics of central European forests: comparison of Biome-BGC simulations with
measurements. Regional Environmental Change, 2006, 6(4) : 167-180.

[26] LiuJ, Chen J M, Cihlar J, Park W M. A process-based boreal ecosystem productivity simulator using remote sensing inputs. Remote Sensing of
Environment, 1997, 62(2) . 158-175.

[27] Farquhar G D, Von Caemmerer S, Berry J A. A biochemical model of photosynthetic CO, assimilation in leaves of C; species. Planta, 1980, 149
(1): 78-90.

[28] Chen J M, Liu J, Cihlar J, Goulden M L. Daily canopy photosynthesis model through temporal and spatial scaling for remote sensing applications.
Ecological Modelling, 1999, 124(2/3): 99-119.

[29] Zhou Y, Zhu Q, Chen J M, Wang Y Q, LiuJ, Sun R; Tang S. Observation and simulation of net primary productivity in Qilian Mountain, western
China. Journal of Environmental Management, 2007, 85(3) . 574-584.

[30] Wang P, Sun R, Hu J, Zhu Q, Zhou Y, Li I, Chen J M. Measurements and simulation of forest leaf area index and net primary productivity in
Northern China. Journal of Environmental Management, 2007, 85(3) : 607-615.

[31] Sun QL, Feng X F, Ge Y, Li B L. Topographical effects of climate data and their impacts on the estimation of net primary productivity in complex
terrain: A case study in Wuling mountainous area, China. Ecological Informatics, 2015, 27, 44-54.

[32] WangSQ, Zhou L, Chen J M, Ju W M, Feng X F, Wu W X. Relationships between net primary productivity and stand age for several forest types
and their influence on China’s carbon balance. Journal of Environmental Management, 2011, 92(6) : 1651-1662.

[33] Wang P J, Xie D H, Zhou.Y Y, You H E, Zhu Q J. Estimation of net primary productivity using a process-based model in Gansu Province,
Northwest China.. Environmental Earth Sciences, 2014, 71(2) : 647-658.

[34] Chen W J, Chen J, Cihlar J. An integrated terrestrial ecosystem carbon-budget model based on changes in disturbance, climate, and atmospheric
chemistry. Ecological Modelling, 2000, 135(1) . 55-79.

[35] Chen'J M, Ju WM, Cihlar J, Price D, Liu J, Chen W J, Pan J J, Black A, Barr A. Spatial distribution of carbon sources and sinks in Canada’s
forests. Tellus By, 2003, 55(2) : 622-641.

[36] Chen J, Chen W J, Liu J, Cihlar J, Gray S. Annual carbon balance of Canada’s forests during 1895-1996. Global Biogeochemical Cycles, 2000,
14(3) . 839-849.

[37] JuW M, Chen J M. Distribution of soil carbon stocks in Canada’s forests and wetlands simulated based on drainage class, topography and remotely
sensed vegetation parameters. Hydrological Processes, 2005, 19(1): 77-94.

[38] Ju W M, Chen J M. Simulating the effects of past changes in climate, atmospheric composition, and fire disturbance on soil carbon in Canada’s
forests and wetlands. Global Biogeochemical Cycles, 2008, 22(3) . GB3010.

[39] Govind A, Chen J M, Bernier P, Margolis H, Guindon L, Beaudoin A. Spatially distributed modeling of the long-term carbon balance of a boreal
landscape. Ecological Modelling, 2011, 222(15) . 2780-2795.

[40] Zhang F M, Chen J M, Pan Y D, Birdsey R A, Shen S H, Ju W M, He L. M. Attributing carbon changes in conterminous US forests to disturbance
and non-disturbance factors from 1901 to 2010. Journal of Geophysical Research: Biogeosciences, 2012, 117(G2) . G02021.

[41] T8, W30S, BHDE. 1901—2008 4F /N2l Zjak NPP AR Mol , 2014, 50(10) : 16-23.

http ; //www.ecologica.cn



52 B FE 38 &

[42]  Blgh, HRR%F, RNIALIE. TOV94E AR B R S BRI AL RIS 25 4% S5 . A28 2i, 2012, 32(10) : 3010-3020.

[43] Zhou L, Wang S Q, Ju W M, Zhe X, Kindermann G, Chen ] M, Hao S. Assessment of carbon dynamics of forest ecosystems in the Poyang Lake
basin responding to afforestation and future climate change. Journal of Resources and Ecology, 2013, 4(1): 11-19.

[44] JuW M, Chen J M, Harvey D, Wang S. Future carbon balance of China’s forests under climate change and increasing CO,. Journal of
Environmental Management, 2007, 85(3) . 538-562.

[45] Wang S, Chen J M, Ju W M, Feng X, Chen M, Chen P, Yu G. Carbon sinks and sources in China’s forests during 1901—2001. Journal of
Environmental Management, 2007, 85(3) : 524-537.

[46] Zhou L, Wang S Q, Kindermann G, Yu G R, Huang M, Mickler R, Kraxner F, Shi H, Gong Y Z. Carbon dynamics in woody biomass of forest
ecosystem in China with forest management practices under future climate change and rising CO, concentration. Chinese Geographical Science,
2013, 23(5) : 519-536.

[47] HIE, Xz, sk, E8, /0, BRI, BEEE, Pl 2R S R R G LR A R AU —F — B AR S R G2 BRI
(DLEM). #3244, 2010, 65(9) : 1027-1047.

[48] LiuM L, Tian H Q, Chen G S, Ren W, Zhang C, Liu J Y. Effects of land-use and land-cover change on evapotranspiration and water Yield in
China during 1900—2000. JAWRA Journal of the American Water Resources Association, 2008, 44(5) : 1193-1207.

[49] Ren W, Tian H Q, Chen G S, Liu M L, Zhang C, Chappelka AH, Pan S F. Influence of ozone pollution and ¢climate variability on net primary
productivity and carbon storage in China’s grassland ecosystems from 1961 to 2000. Environmental Pollution, 2007, 149(3) . 327-335.

[50] Ren W, Tian H Q, Tao B, Chappelka A, Sun G, Lu C Q, Liu M L, Chen G S, Xu X F. Impacts of tropospheric-ozone and climate change on net
primary productivity and net carbon exchange of China's forest eco%ystems Global Ecology and Biogeography, 2011, 20(3) : 391-406.

[51] Xu X F, Tian H Q, Zhang C, Liu M L, Ren W, Chen G S, Lu C Q, Bruhwiler L. Attribution of spatial and temporal variations in terrestrial
methane flux over North America. Biogeosciences, 2010, 7(11) : 3637-3655.

[52] Tian H Q, Chen G S, LiuM L, Zhang C, Sun G, Lu C Q, Xu X F, Ren W, Pan $'F, Chappelka A. Model estimates of net primary productivity,
evapotranspiration, and water use efficiency in the terrestrial ecosystems of the southern United States during 1895—2007. Forest Ecology and
Management, 2010, 259(7) : 1311-1327.

[53] Zhang C, Tian H Q, Chen G S, Chappelka A, Xu X F, Ren W, Hui.D.F, Liu ML, Lu C Q, Pan S F, Lockaby G. Impacts of urbanization on
carbon balance in terrestrial ecosystems of the Southern United States. Environmental Pollution, 2012, 164: 89-101.

[54] LiuML, Tian HQ, Yang Q C, Yang J, Song X, Lohrenz S E, Cai W JuLong-term trends in evapotranspiration and runoff over the drainage basins
of the Gulf of Mexico during 1901—2008. Water Resources Research,.2013, 49(4) . 1988-2012.

[55] JiJI. A climate-vegetation interaction model: Simulating physical and biological processes at the surface. Journal of Biogeography, 1995, 22(2/
3) . 445-451.

[56] M5 HE S, By, PHRL. JET AVIM 19 P [ Rl AR 25 R GEdrp g A 7 IR, MR 236 )i | 2005, (03) :345-349.

[57
(58
[59
[60

[

[61]

[62]

[63]

[[64]

[65]

[66]
[67]

[68]

[69]

HEAE . D2 RIAR bR R RS — TV E B SE [ D). dbst . hERFEBE RSB SYIT, 1999.

MG, . ARREE A S R G RS BT S . MR, 2001, 56(4) : 379-389.

Sellers P J. Canopy reflectance,, photosynthesis and transpiration. International Journal of Remote Sensing, 1985, 6(8) : 1335-1372.

Sellers P J, Randall D. A, Collatz. G J, Berry J] A, Field C B, Dazlich D A, Zhang C, Collelo G D, Bounoua L. A revised land surface
parameterization (SiB2) for atmospheric GCMs. Part I; Model formulation. Journal of Climate, 1996, 9(4) : 676-705.

Sellers P J, Tucker € J, Collatz G J, Los S O, Justice C O, Dazlich D A, Randall D A. A revised land surface parameterization ( SiB2) for
atmospheric GCMs. Part I1; The generation of global fields of terrestrial biophysical parameters from satellite data. Journal of Climate, 1996, 9(4) .
706-737.

Baker I T, Denning A*S, Stockli R. North American gross primary productivity: regional characterization and interannual variability. Tellus B,
20105 62(5) : 533-549.

Baker 1T, Prihodko L, Denning A S, Goulden M, Miller S, Da Rocha H R. Seasonal drought stress in the Amazon: Reconciling models and
observations. Journal of Geophysical Research Biogeosciences, 2008, 113(G1) : GOOBO1.

Hanan N P, Berry ] A, Verma S B, Walter-Shea E A, Suyker A E, Burba G G, Denning A S. Testing a model of CO,, water and energy exchange
in Great Plains tallgrass prairie and wheat ecosystems. Agricultural and Forest Meteorology, 2005, 131(3/ 4) . 162-179.

ol a5, YEHTHE, TR, maRBR. A AR My R B SiB2 AL A AR o Dl R ik AUE . AU 5 BT AT, 2011, 16(3)
353-368.

VR, AT, TR, SKSLHT, Baker I, SKBEAD, ZE¥5R0. SiB3 M N[A] R VAR 5 54F. KEFHF, 2011, 31(4) : 493-500.
Foley J A, Prentice I C, Ramankutty N, Levis S, Pollard D, Sitch S, Haxeltine A. An integrated biosphere model of land surface processes,
terrestrial carbon balance, and vegetation dynamics. Global Biogeochemical Cycles, 1996, 10(4) : 603-628.

Pollard D, Thompson S L. Use of a land-surface-transfer scheme (LSX) in a global climate model; the response to doubling stomatal resistance.
Global and Planetary Change, 1995, 10(1/4) . 129-161.

Thompson S L, Pollard D. A global climate model (GENESIS) with a land-surface transfer scheme (LSX). Part II; CO, sensitivity. Journal of

http ; //www.ecologica.cn



134

AR AR R RRBRIE IR 1 BRI B 255 53

[70]

[71]

[72]

[73]
[74]

[75]

[76]

[77]

[78]
[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]
[88]

[89]

[90]
[91]

[92]

[93]

[94]

[95]

Climate, 1995, 8(5): 1104-1121.

Thompson S L, Pollard D. A global climate model ( GENESIS) with a land-surface transfer scheme (LSX). Part I Present climate simulation.
Journal of Climate, 1995, 8(4): 732-761.

Ball J T, Woodrow I E, Berry J] A. A model predicting stomatal conductance and its contribution to the control of photosynthesis under different
environmental conditions // Biggins J, ed. Progress in Photosynthesis Research. Netherlands: Springer, 1987, 221-224.

Botta A, Viovy N, Ciais P, Friedlingstein P, Monfray P. A global prognostic scheme of leaf onset using satellite data. Global Change Biology,
2000, 6(7) : 709-725.

FEHE FET IBIS BRI AR U ARARIER — Mk A P AL A2, 2009, 29(6) : 3213-3220.

Jiang J F, Yan X D, Huang Y, Guo W D, Liu H Z. Simulation of CO, and sensible/latent heat fluxes exchange between land surface and
atmosphere over cropland and grassland in semi-arid region, China. Journal of Forestry Research, 2007, 18(2) . 114-118.

Yuan Q Z, Wu S H, Zhao D S, Dai E F, Chen L, Zhang L. Modeling net primary productivity of the terrestrial ecosystem in.China from 1961 to
2005.Journal of Geographical Sciences, 2014, 24(1) . 3-17.

Kucharik C J, Foley J A, Delire C, Fisher V. A, Coe M T, Lenters ] D, Young-Molling C, Ramankutty N, Norman J"M, Gower S T. Testing the
performance of a dynamic global ecosystem model; Water balance, carbon balance, and vegetation structure. Global Biogeochemical Cycles, 2000,
14(3) . 795-825.

Cramer W, Bondeau A, Ian Woodward F, Prentice I C, Betts R A, Brovkin V, Cox P M, Fisher V, Foley J A, Friend A D, Kucharik C, Lomas
M R, Ramankutty N, Sitch S, Smith B, White A, Young-Molling C. Global response of terrestrial ecosystem structure and function to CO, and
climate change: results from six dynamic global vegetation models. Global Change Biology, 2001, 7(4).. 357-373.

XN, FERE, XA, 1BIS BHUARILAR RS NPP EZE 00 7 iUk, 428240, 2011, 31(7) - 1772-1782.

Kucharik C J, Barford C C, El Maayar M, Wofsy S C, Monson R K, Baldocchi D D. A multiyear evaluation of a dynamic global vegetation model
at three AmeriFlux forest sites: Vegetation structure, phenology, soil temperature, and CO, and H,0O vapor exchange. Ecological Modelling, 2006,
196(1/2) : 1-31.

Woodward F 1. Climate and Plant Distribution. Cambridge: Cambridge University Press, 1986; 36-48.

Prentice 1 C, Sykes M T, Lautenschlager M, Harrison S P, Denissenko-O, BartleinP J. Modelling global vegetation patterns and terrestrial carbon
storage at the last glacial maximum. Global Ecology and Biogeography Letters) 1993, 3(3) . 67-76.

Prentice I C, Sykes M T. Vegetation geography and global carbon storage changes // Woodwell G M, Mackenzie F T, eds. Biotic Feedbacks in the
Global Climatic System; Will the Warming Speed the Warming? New York : Oxford University Press, 1995 300-312.

Haxeltine A, Prentice I C, Creswell I D. A coupled carbonrand water flux model to predict vegetation structure. Journal of Vegetation Science,
1996, 7(5) : 651-666.

Haxeltine A, Prentice I C. BIOME3. An equilibrium terrestrial biosphere model based on ecophysiological constraints, resource availability, and
competition among plant functional types. Global Biogeochemical Cycles, 1996, 10(4) . 693-709.

Sykes M T. The biogeographic consequences of forecast changes in the global environment; Individual species’ potential range changes // Huntley
B, Cramer W, Morgan A V, Prentice H C, Allen ] R M, eds. Past and Future Rapid Environmental Changes. Berlin Heidelberg: Springer, 1997,
47 427-440.

Sykes M T, Prentice I C. Climate change, tree species distributions and forest dynamics: A case study in the mixed conifer/northern hardwoods
zone of northern Europe. Climatic Change, 1996, 34(2) . 161-177.

Ni J. Net primary. production, carbon storage and climate change in Chinese biomes. Nordic Journal of Botany, 2000, 20(4) ; 415-426.

Ni J. Modelling vegetation, distribution and net primary production along a precipitation gradient, the Northeast China Transect (NECT). Ekologia
Bratislaya, 2000, 19(4) . 375-386.

Prentice I €, Cramer W, Harrison S P, Leemans R, Monserud R A, Solomon A M. A global biome model based on plant physiology and
dominance ,; soil properties and climate. Journal of Biogeography, 1992, 19(2) . 117-134.

Neilson R P. A model for predicting continental-scale vegetation distribution and water balance. Ecological Applications, 1995, 5(2) . 362-385.
Neilson R P, Marks D. A global perspective of regional vegetation and hydrologic sensitivities from climatic change. Journal of Vegetation Science,
1994, 5(5) : 715-730.

AR, Neilson R P, JEBRA- FSCAN. SUGAE A o A 4 T RESZ 0 AORAM. 2740, 2002, 57(1) : 28-38.

Sitch S, Smith B, Prentice I C, Arneth A, Bondeau A, Cramer W, Kaplan J O, Levis S, Lucht W, Sykes M T, Thonicke K, Venevsky S.
Evaluation of ecosystem dynamics, plant geography and terrestrial carbon cycling in the LPJ dynamic global vegetation model. Global Change
Biology, 2003, 9(2): 161-185.

Smith B, Prentice I C, Sykes M T. Representation of vegetation dynamics in the modelling of terrestrial ecosystems: comparing two contrasting
approaches within European climate space. Global Ecology and Biogeography, 2001, 10(6) ; 621-637.

Wolf A, Callaghan T V, Larson K. Future changes in vegetation and ecosystem function of the Barents Region. Climatic Change, 2008, 87(1/2) .
51-73.

http ; //www.ecologica.cn



54 G 38 &
[96] Rammig A, Jonsson A M, Hickler T, Smith B, Birring L, Sykes M T. Impacts of changing frost regimes on Swedish forests: Incorporating cold
hardiness in a regional ecosystem model. Ecological Modelling, 2010, 221(2) ; 303-313.
[97] Koca D, Smith B, Sykes M T. Modelling regional climate change effects on potential natural ecosystems in Sweden. Climatic Change, 2006, 78(2/
4) . 381-406.
[98] Hickler T, Smith B, Sykes M T, Davis M B, Sugita S, Walker K. Using a generalized vegetation model to simulate vegetation dynamics in
northeastern USA. Ecology, 2004, 85(2) : 519-530.
[99] WPy, WHEME. Tk E SRS /70 AT A 15 B BUE AL, S S MBS, 2006, 11(5) : 582-592.
[100] FMEFY, JEGEA, IR, SR WSS BAR T LPY Al b A p R A 5T, PR R 2283 HARREAAR, 2007, 29(11) ; 86-92.
[101] BFRTF, REUE, Tl RAEE ST = [ AR 10 . BITAASE4, 2011, 22(4) ; 897-904.
[102]  XUERL, 2208, SR8, =T QEatlIX 3 FREIRH AR A2 R GEARRMT- M RIS S04, R AR 252441, 2009, 33(3) : 516-534.
[103] 2/, TRAERE, MDHTHT. A2 S RO R BT Tk e . Perty SRR A 2440, 2005, 13(1) : 85-94.
[104] Delire C, Foley J A, Thompson S. Evaluating the carbon cycle of a coupled atmosphere-biosphere model. Global Biogeochemical Cycles, 2003, 17
(1): 1012.
[105] Prince S D, Goward S N. Global primary production: a remote sensing approach. Journal of Biogeography, 1995, 22(4/5) . 815-835.
[106] Potter C S, Randerson J T, Field C B, Matson P A, Vitousek P M, Mooney H A, Klooster S A. Terrestrial ecosystem production; A process
model based on global satellite and surface data. Global Biogeochemical Cycles, 1993, 7(4) . 811-841«
[107] Ruimy A, Saugier B, Dedieu G. Methodology for the estimation of terrestrial net primary production from remotely sensed data. Journal of
Geophysical Research, 1994, 99(D3) . 5263-5283.
[108] Li AN, Bian J H, Lei G B, Huang C Q. Estimating the maximal light use efficiency for different vegetation through the CASA model combined
with time-series remote sensing data and ground measurements. Remote Sensing, 2012, 4('12) . 3857-3876.
[109]  ZE3CF, #3030, XPF, FOUR. R A 25 R G YL 7= 708 A BB SY 0t e HhBREL 9 , 2014, 29(5) : 541-550.
[110] Yuan W P, Cai W W, Xia J Z, Chen J Q, Liu S G, Dong W J, Merbold L., Law B, Arain A, Beringer J, Bernhofer C, Black A, Blanken P D,
Cescatti A, Chen Y, Francois L, Gianelle D, Janssens I A, Jung M, Kato/T, Kiely G, Liu D, Marcolla B, Montagnani L, Raschi A, Roupsard
0, Varlagin A, Wohlfahrt G. Global comparison of light use efficiency models for simulating terrestrial vegetation gross primary production based
on the LaThuile database. Agricultural and Forest Meteorology, 2014, 192-193. 108-120.
[111] NiJ, Sykes M T, Prentice I C, Cramer W. Modelling the vegetation-of China using the process-based equilibrium terrestrial biosphere model
BIOME3. Global Ecology and Biogeography, 2000, 9(6) :"463-479.
[112] Prentice I C, Solomon A M. Vegetation models and global.change // Bradley R S, ed. Global Changes of the Past. Snowmass, Colorado; OIES,
UCAR, 1990 365-383.
[113] Crosetto M, Tarantola S. Uncertainty and sensitivity analysis; tools for GIS-based model implementation. International Journal of Geographical
Information Science, 2001, 15(5) ; 415-437.
[114] JinHA, Li AN, Wang ] D, Bo Y _C. Improvement of spatially and temporally continuous crop leaf area index by integration of CERES-Maize
model and MODIS data. European Journal of Agronomy, 2016, 78 1-12.
[115]  EZi, BREREE, J&E, rbpk, a, ERE, 7530 i Rl A 25 R 40 00 5 000 ol o 25 AR R Pk, AR 3243k, 2013, 33(24) .
7715-7728.
[116] Xu B, Yang Y H, Li P, Shen H H, Fang J J. Global patterns of ecosystem carbon flux in forests: A biometric data-based synthesis. Global
Biogeochemical Cycles, 2014, 28(9) . 962-973.
[117] &k, PR, Pkl 4R, B Wb RAESS BRI INE JrE S8, RS, 2016, 31(1) : 1-11.
[118] Govind A, Chen J M, Margolis H, Ju W M, Sonnentag O, Giasson M A. A spatially explicit hydro-ecological modeling framework ( BEPS-
TerrainLab V2.0) : Model description and test in a boreal ecosystem in Eastern North America. Journal of Hydrology, 2009, 367(3/4) . 200-216.
[119] R, NG, SJIRIN, 250, 24 R, PIRNEE M N B 6 OB S e BTk oe. 884, 2009, 13(2) : 183-189.
[120]  ZRIGTAR, g , W SoLr. Flm i Bl S 8 R, bt SaR 8 ikt , 2013 98-100.
(A21) THE, JTE%, RER, AR KIBUUE b A 2 R G R PR BTk . ARz, 2011, 31(19) : 5449-5459.
(122] " 2%k, Sha R, R, B4, FrE e b s st R RILB 53k, s, 2016, 20(5) : 1199-1215.
(1237 23, BEEAR. BR IR ———Fh A 2 U5 st 32 (R B30 (T S . MBS 4R, 2004, (12) ¢ 13-16.

http ; //www.ecologica.cn



