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Abstract

Exchanges of energy and matter between terrestrial biosphere and atmosphere and hydrosphere create critical
feedbacks to Earth’s climates. To quantify how terrestrial ecosystems respond and feedback to globa changes,
terrestrial biosphere model (TBM) has been developed and applied in global change ecology during the past
decades. In TBMs, myriad of biogeophysical, biogeochemical, hydrological cycles and dynamics processes on
different spatial and temporal scales are represented. The TBMs have been applied on assessing and attributing
past changes in terrestrial biosphere, and on predicting future changes and their feedbacks to climates. Here, we
provide an overview of processesincluded in TBMs and TBMs applications on carbon and hydrological cycles, as
well as their application on exploring human impacts on terrestria ecosystems. Finally, we outline perspectives
for future development and application of TBMs.
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Climate, soil, vegetation, nitrogen and phosphorus deposition, fertilizer input, human managements
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Fig. 1 Framework of terrestrial biosphere model taking ORCHIDEE as an example.
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Ji#14.5% (Carlson et al., 2017). B4k, FMbiEzhE
WL HE T 4 BRI 70%F0 S 7K B, BOR PR B i i A
T IKAEIR K% R . ORCHIDEE-CROPHLEIfi A (WU et
al., 2016)ft N\ T RAEWHAISTICS (Brisson et al.,
1998) IEMI A B FRARLER, BB/, Rk, K
T KRS BRI B M BRI S A B R,
DR FD BSOER H I AR W BORIE SIS
PR, AT RSN [R5 BRARE X VR 7 B0 A A
Ak P DL R 6 A FERR K G 3 1) 50

734, ORCHIDEE: 7} £ %} 1% + (Guimberteau
et al., 2018), YR M (Qiu et al., 2018), HHLATHL
Tk 08 3k ] 9 PR AR [ A 50k #2 (Bowrring et al., 2019)
R T AFRPIRA, B FEa] LS5 hH N 3 .
A 7] it A= 490 L A Y e 5 (1903 AR RS S DU
AFTANE, BAR BB R FR BT DL 55 B S 2 /T
L [ A A P AR 2R 11 SR 71 32 AT Huntzinger 55:(2013)
1ESC R FL B s R 148 S IR AL 1 FE BRI

3 Pl EEE R R A

BEE SRR AR, i A=) Rl R
FER RGN . BRI KBEIR. [~ EAE R
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LN Z R . BRTRE, AT EEN
IR GRIEIL . KIEFE LA R NRIE B A R
G152 = THURIE 5/ 28 i 25 ) Pl 22 11 12 FH A
HERE o X G FH R e KR T [ s 2 A 28 L
R 2 BRI SE R, 2 AR LU T-d) B0 7 P A
el 2% & ik MM us, #lin, MsTMIP
(nacp.ornl.gov/MsTMIP.shtml), TRENDY (www.
global carbonproject.org/) F1CAMIP (c4mip.net).
31 PhtAESRFIKBEIR

AT AOF: it Hhy B 18 B4 52 BB 2% SR & B BUM ) )
YRV, il M RRCUR Y Ty e X A 3R AR A fe] v . 2 [
Bt SN PR 2 — o KRB Rt Hb A= 7= R sk
VSICTh REHIVEAL K AL 70 B ELEEAKE) 1 FliHs )
PSR Th SRR A S R R R, (RIS i b A=
oy P A Y A e L P T B A S R G A A () A
S H BRI A . A ERERHRI 3 20064 LK, &
TERAR T BT 2 AR A BRSO SR A BR i
B Y5V AN R P B R TR 45 SR (Le Quéré et al.,
2018). # T [H pr 2 A L A RIMSTMIPH £/ i
A= 4 P AR AR A0 25 B Huntzingers:(2017) 413 1
KA COME b Tt A sk 2 5OF [ by 1) =6 LR A
AARAA AN L M I 58 1 AL, TR TRk
T (18 = 12)%ffFiHARIC . J: T TRENDY 1 2 A
i A= P LA AR AR 0L 45 3R, Zhu (2016) %+ 1/ 304 128 JK
L B b BRAZ 2R AT VAR, RIS COMKEE EF
SE N BRAR SR TG R o [l 2 A P RS TR 4 FH T
BIF 58 R SR A% A8 A 1 B2 R R b Bk O 2 ) AR Ak
(McGuire et al., 2018)-5 it AF = 77 FIRHIR I 1) A8
HH(IPCC, 2013). HL 4R b b A= 477 Pl A 2L 007 4 5 e Jje
TH, AFL R i A= ) B S 2RSS AT B IR ABEADLAT S A AR R
IAHRENE, Rl RSN BEAEH . A&
F G0 Wi S AG S R B CHFIN OS5 iR 2 S A
HC SR Rt SEY AT R SR AR A
P45 777 T it A2 ) L RS PR AT AR 55 o A TR0
AR i M B AT P TS e o e it A 47 LA 2R o O
1o F v 1 % i (Prentice & Cowling, 2013).
32 PEMESRGKEIR

i b A= 4y PSR Xof 7K S R ABE UL T DA FH SRR
Al SR AR IR AR A S M PR 3R (e . N SRTE SN T
AALEE), Tl 7K S AR X R SR A A5 AR AT N KT
BN, PRI A B K BT YR SR A . Plaos
(2007)#] HH ORCHIDEEAE BB 5% 1S f 1 FI
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A A AN COLIK FEE T 0o} 201 28 4= BR el Mo 42378 ' A1k
FRIRZE, K I COLMK B2 15 in -3 By - T AR 4 (LA
HEINBEAG T AR, 1 R FH AR A0S R 5 e
ot T COMIMEM, YN 7 AR . Yang®E(2015) 4 74
Wil 1t 2 47 L RS ASADL 1) M AR 0 5 R — N B T
AR Aok, ST ABR16 KB A 4T T
VA, R ISR AE AR A FEE AR v 2 B XX T i i
T AR RSN ELLF, TAE = 26 BB IX AR, 1 i T
UK RSB RIER R . BECAL 1 304K iR
BT, (H 2 HO G R IR IR & 4 bR
BANI500LL F o ) P AR AR & I 2R AR AL
FEE LSS, (ARG B B2 .

Py L X B K K, HERA B A 2R K S FE X
TP A R S A AR AL R H B2, Santini A1 Caporaso
(2018)¥F-iti T 201~ CMIPSHIER 7 G A 3 b g el i 2E
RIS of [ SR ATV B RGBT T A AR AR
A DA D, A AN RUBE BTt xR
AR, HR S 2T, R R A
T KR K & . Guimberteaus (2017) & BILAE £ K
A BRAR W AN COLMK FETH = 16 T2 N, 2 5 FMAT 1) B
KE L ZAHH R IR A RIS, =% EF
TR EAGES AR LR AR 3 — P Al 5
TR S, AR . A, Tt
s AOIRAS, AT L2 il sk SOk #2 . Lin
Lawrence (2017)F F i b A= 47 Bél CLM A5 284 R 55
FLAE A ) CESM ML ER R G AT 78 1 B KPS il
HKAE A RIS, RIE KT PURAC T MR 281,
WD T HERARIR, (R R K LT R
33 AEFEHMXMEHE TS RFE R MATIEG

bR PR = A B R ) AR AR R A P b R
A A8 P A T SRR M R A 7 AR AR B B
J3 SR S i ) AR AL TR T 29 25% 0K N 9B HETL
(Le Quéré et al., 2018), {EXF X IS M HIs2ma 56 £5
HE— 2B PEfili (Pitman et al., 2009). A SR EEE A 38,
s BEUEAG AR AT BN B, an T £EAS [F] A B 28 2 1A
3T B Y DA K e 15 3 0 A R ek 52 AR AL
X EEHR T RN AR AL A 7 R B R R . [ BR
FAECMIPGHEZE N g 1 - i A RSS2 bE 5 14 )
(Land Use Model Intercomparison Project, LUMIP),
AFE )y AN [ il s A= 47 BTS20 A Y AH ] ) 3R 3 Kt A
B T332, IRI B SR BUR 5 ] A0 2% 1)
A2 B R} ) 1 (L awrence et al., 2016).
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ZAEL A T A PR Y Bl 3t A ) P AR Y
(CLM-crop, LPJ-GUESS, LPJmL, ORCHIDEE-crop)
WS [ R i EE A LG (The Global
Gridded Crop Mode Inter-comparison (GGCMI);
Elliott et al., 2015). XX & A ELA (EYBA
P = B FRBERE I SR U AR . R
CO & & T EWE ANt A Ry e )92, 73BT AN 5 PE SR
P8, R B R T (Muller et al., 2017), itk
BPEA AR SRR N BN - ™
DURG AIAH DR & 22 455 o) 3R (R 255

RN T S R B ) it b A= ) B 55 7R (DLEM,

LPJ}GUESS, LPJmL, ORCHIDEE)C.#% 1 T & &
fili A BR B XS L AR 738 D0 SR . KA CO,
B BT R REHR P 5 55 R (1A . (Chang et al.,
2015; Dangd et al., 2016; Rolinski et al., 2018), #Ll
X I b Bk B 25 il = SR HE(Chang et al., 2015,
2017; Blanke et al., 2018), DL & B QA

] FH 5 FF #E 47114k, (Chang et al., 2015; Rolinski et al.,

2018) A1 & ## (Chang et al., 2016) . ORCHIDEE-GM #&
RUEA TR AR IR UK AR S B R K R 2L )k
YA J F R T R B P i (Zhu et al.,
2018).

4 REE

200, Fifi M A= ) LR 2 R T TR AR 2S RS e
RIS TR E 775, Bk RGN
(O EEEE Ay . AR, BRT0E 24 bR S RS
A BN R it e 2 47 RS R o b A 75 R e 45 A AN
T R P TR BRLA 5%, Qo] B v it b A A PSR o R R
5 i b A 47 P PRIASEHOURG BB AN o 1 2 24
AR FC B ORIV . DU 51028 17 2 i edi A= 4 Pl
A 1) JUAN B R T ]

41 HREMITEEH

BT 75 R IR S COLM FE b TS A ol A K 1 i S
RN 23 5% B BB E IR U FR IR il (Norby et al., 2010;
Vitousek et al., 2010; Terrer et al., 2018), MM A]fg
WL A% Sk ot b B 1 5, ) B 348 A 28 ) o S s
435 RGBT VP AN B AN H 2 P (Goll et al., 2012;
Zaehle et al., 2015). 2 Mifi b A= Py RIS R AE A Bk
PRI LA EAR G T BV AE, (H A B AT
B A B BB AN o T AT SR AR, MCa b A 7R Ak
A T R Pk (Zaehle et al., 2014). BEFEIR

AN A Eb R R RSN 443
B2 MR KRR AR, 72 il A= 47 el 45

al., 2017; Fleischer et al., 2019).
4.2 TIEYPIRINGE S IR AR

38 A SR AR S B 3 R ) S B R R SR
it FE A % 5 B 520 (Lehmann & Kleber, 2015;
Sokol et al., 2019), {H H FiiA AL ATk = % -+ 158 4 5
AT B4 B 5 A2 FO AR 40, (Bradford et al ., 2016). +
S AR Pt LA WU K 3 AR T B R EE L . HF
FU R IUAE it b A= ) P A B b R & 3B AR ) R T
At 2 PRI i b 04 78 A 1) IF S 1555 5 (Wieder et
al., 2013), HX—H#FFss RAME IR, T2k
—BWFE . B BT el 1 i b A A B A R U, - 5
BRI R AN A P R R R A 25 R G AT B
(1) 5 1A S 24 A7 1R 0F 90 4% R X 55 (Tang &  Riley,
2017; Wieder et al., 2018).
43 ANEEFHIIER

HhER it 1 2% J2 4290-68% 1) THI £ 52 N S35 B 5
Wi, NN FRAR L HB R B (28 2, N TR
B ORMREE. UL B AR, HERESERS
B TS RBEMAYEE. Fob, THEHHE.
B B F B 3k O Ve R MU R (B K TR
DL R SAEARAL (A ERAS R . PR/KBREARAL . T 52%)
Al fAEiE R B (K i, KU, IR AR

AEZS R IR H a8 IR, G far e i b A ) Rl AR AR
HRSEADL N S B0 2 4 T (1 7 AR SR £ (Fisher
et al., 2014; Naudts et al., 2016).
44 FHEFHAEL

FHCRHR S G B Fi, 5. mEME
WE )RS RGN B A AR o, KRR
AR RGUE BRI, A AU RS R )
FhZE IS M A RG MRS ThRe . RRRARALRERT
DL I SBR[ 98
SCRT DA sk 5 e AR A 2H R TR) B R e R R AR
(Seidl et al., 2017). SR, T HUAERTHL A=) Rl A5 280
MRAEATEE . BT 2 B0 AE 73T AL
KR IEH(Rabin et al., 2017), R 1% T HAL K T
PRI BT 2l R Bk o ASEADLBELE B R 5 T (WKL)
DA S AN 22 B R B A ELAE P 75 B b Aot J= 45
F, DASRAE 9 55 i ) 7k J2 5 M AR A0 vk A i 5 e AR
(RIRZNE . AT DATIIN, AN BT 58 3550 AR AR T H B 4DLHKS
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& N BOL Y R ) — N E U A
45 RE-HUERMS

I 55 UL B () R R R B R AR R, G
AR R P A [ B 2 L P 00 00 25 B 2 v 5 28 ) S 40K
5 9,5 24 BT A 5 B S R 55 (Prentice & Cowling,
2013; Medlyn et al., 2015), 4ri{a] B it b A 47 Pl A
TUHIAH E MR L IR B KB . B AR )
REL A 20 (AN o 1 - RV TR B 5, 2, &
K. ASAEA T IRIR SN o FE T UL A R A
R A R 2 5 (Kuppel et al., 2014; Bas-
trikov et al., 2018)nJ DL 2 teidk ek b A= 4 PBI A RS 1)
BRRE . BRI W B AES RGRER
UL A4 BRAR AN A% ) S A S5 H R A A S AR
AU AR T B 40 R A $2 41 1 S A (Prentice & Cowling,
2013) . {H [ Fi UL I H5 8 R A R AR A s i S 5% F AR
LR IR AT A FE N, BRI Bl s A= 47 P B 8 A A A48
(AN A 5 B Tt A A W00 AR A 2R 40 ik
5% (Fleischer et al., 2019).
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