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SSiB4 #li & T SIS BR! ( Top-down Representa-
tion of Interactive Foliage and Flora Including
Dynamics, TRIFFID ) ( Cox, 2001 ), &JERA914)
PR/ SAEFR G, SSiB4/TRIFFID, JF7E4BRA
[ S b DX R ST E R | A CO, T8 A T AL
JR S T 1 TR S B0 SSiB4/TRIFFID #E47 B A5
FUKEE: (Xue etal., 2006 ), AT 5 47T tIm R
BE B i K AE FRBLRL, K A ) W B/ S A A R X
SSiB4/TRIFFID 5 TOPMODEL #1754 ( XPEF,
2010 ), W HFEAHEE SSIBAT/TRIFFID #:47 1 PiFg
L1 DX PR BV i Sl e B 7K SCBR0 () Bl A4
P BB RO AT B AT 40 o 2 ph R T N 2R s 3
K, 5 A DM 35 R 5 IS 28 SOl M2 T
HEOMAAILE SR (XBESE, 2010) o PURGV S 1LAR
MR AR AR = /K R I 28 45 T LA )
G50 RARSG M EA B BAR Pt AR AR HE A
B, BRI A HE R B AREIK 5 T I SR A
(BRIEAREE, 2011) . X—25i5 SSiB4T/TRIFFID
TEIZHBIX PRI ZE SR —3%, S SSiB4T/TRIFFID 11
BEAL A SRR T — ks, A, N
SSiBAT/TRIFFID ST, | it ARAR B T 3 Jul AN VT
TR IR EOK SCHEAT TR, ISR ST
PORIHEALL Y H AR A H R T TR, 45
21 SSiB4/TRIFFID ##& TOPMODEL f{ifi +3£/K 43
BOUZE R IN G, It TR FRA R 55t
WZBIES, ARIIRE B i A e A&
SE R (XRESF, 20125 XPECEAE, 2012),

Hh ]V A DX R R 2 R R SRR IX, T
TR R AR, EEEIE . = AP 3
XA AL B RE WL X, G X R 22 R K,
T2 BB S A9 e A, TEFR 1400~3 000 m J2
. BRAF T IR S, 3000 m LA R FE R K JE
W ME . ARMRE AR 4000 m LUF (L3
TR, WK 2600~3 000 m L FETRASHRAS
3000~3 800 m A V. = LL &R AR, 3 000~4 100 m
A g ARE N (AR, 1987 ), H 12 60
SERAIFFR , 2 X TR T IR AR A ( BlrE Ak )
SN K X L BRI ST, A FRpkiE
Az (SEAE, 1987 ), FRME R AR LT AR T
AR (4, 1980 ) FIARMMK E I/ ME T (5K
K5, 2007) IARRISSE . Hik, T2 AR
X BRAREE K X045 SR A ALK Rk, DIE RO 7k
MAEB A FERZ A A R M AT EAh, iHbIX
WA BRI, ERERERT =T, M5
FRMAE AR ARG PN TR G M A Lz, XoJ g X 4
BRAR R AR BT et B A B L N TR
ARV R OK SCE MBI, 3878 RAR- 1RO &R

F14) 225 () PR PR AR 7 S Xof /= A 728 A ) e
A B [ —A ) T HESE T W58 k- /K PG 2 A
FHE SR B XA A RN, o A ST 45 75 p
T L DX A AR B T U R B g v &,
SSiB4T/TRIFFID H=7E 25 A i e B i 2 T ik
TR BT A SR S5 B ARSI AR PEASE 4045
T T MG K P 5, 3878 BRR-AR 0
KRZS[AVEACHLEE, VG R AR X A SRR B T 5t
AR B K G IR PR AR A AR

1 #B&1X SSIB4AT/TRIFFID &4ty

1.1 SSiB4/TRIFFID &4}

JlREY SSiB A 8 ANk WEIRE T, &
EHERE T, WETHEHRE Ty, WEEEKS
fitid M., MR S (AWK ) /Kol M, 3
2R wi . w, Flws (Xueetal., 1991), Hbjf
A1 J2 SRR A i T P e A AR A R AR R 2 AR
H R ETE (Sellers et al., 1986; Xue et al.,
1991 ),

LE, =[e.(T) ¢} {K+ il }

YV Ih Wtk
(1)
LE,. :M&Wc (2)
T v
LE, = [e(Tc—ea)]ﬁ(l_wc) (3)
ety
LE, ~[feT ) e 22— (4

L r

surf

+7r

Ao, L ORI E. NHEEZEE Ewe N
2RI 28k 2R A 72 R )5 Ea NZENE
Eg A EERMZER . y W TRREEG p WEZE
s ooy AERERI, e, Jid 225 0] 5 B AL
( canopy air space ) FI/KIEH; ex(T)N T, B AR
TKIESE 5 e(Tos) h HIBER TR L T AR A
Ry e SR S AT E ;. W ok 2R AL
( wetness fraction ) 7, AT HIIFZATT; rae Mt
HERMIBHST; rg MHLR B E S RIEE NS
15 re EEB T

SSiB 5| A Collatz FH#OGE- LT BERRL K i
B SSiB4 J&, BRI T S AERA RN 5
AJ5#E (Zhanetal., 2003 ),

TRIFFID BAIRZ L 2 AMGAEBREE C,
(Cy o Rt R . FRFERRIZEH AR ) FIFE B 368 v
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HOBAN TR, TR R R, C A
O T I T 2 S TR P BT 85 B 5 A A
R 355
dc,
dt

=(1-A) [T-4 (5)

C, % =411 {IZc!jvj}yvv*Cv (6)
j

K, ve=MAX{v, 0.01}; 17 JiZAtpk 2RI
o7 A8 B 78 55 1 B ) 9 A2 7 % ((net primary
productivity, NPP), XTI, vie/IMH
A/NF 0.01; 4y /& NPP H TR INMZAER SRR 55
1 e = (o HO2 I ARFE 2 LAL (ZIE oRi
8Os cpieimfrREL, RS RSB ER i Fh
MRRIIREN ;. A CHIRTEDR; p e RRJEHES)

. (6) ZHT Lotka-Volterra J5 2 LAALFEAS[H]
T RN E] — AP R 2 M SE S o ¢y MIMEAE
0~1 Z[H], XFR—MEPREES, o7l MTA
A B AL 2 [ A a4, SO e AR -HEAR R
JB SZBCHIA AR AR PR A7 S e o7 AR
A GNP (=1, 1M ¢;=0 ) (HFEFRALETIA .
HARGREAMPEARSHEARZE, cf HIAITSE A
F by P

. 1 (7)
7 1+exp{20(A, ~h,))/(h+h)}

FTEYIAR AN

A=HL+ YR+ (8

K, e e Ay BRI R ARERFIZE AR
AU RITE I ER s Lee RO W 530000 s R
N =

MR FET=H i B HARIET M INA 32 R
IR, AN [R) A A IS B LA AN ] 7 S i
T A ST B R K o 45

7im=yo' FT-FM (9)

K, yo AR /BT FM FTFT 43518
IR A3 R BRI BRI IR FEE 52 W] PR

T3P RERAE R C R
dC

s=A-R 10
dt AR (10)

K, A RWEWTIEDEZE; R N+
MR,
TEJFGR Y TRIFFID 5, FEAISRIIEA 5 . [

AR EFIAR L C3 Bt C4 BEHB AR L 7F 5 SSiB4
A XM T —F &R (Tundra ) A, BLAME
T — TR, a5
> TRIFFID A # 2R (8 1 )iz1T SSiB4,
SRJEF SSiB4 Hai th ) R ME B R B el 2 IR T,
F K o7 ERXHE AR B k£ RSTFAC2,
HHOEZ COy i RLHE S 4,, EZHEIFIGHE R Ry
KRR R IACE-H) 3 R 20 Ty AR &
2+ R w, fiiik4s TRIFFID, T.. RSTFAC2 1k
R EE FUK A4l /e TRIFFID Hr il M oi%
MR, Ty A owy AT SR R PR o ARME AR
RN A, 1 Ry HAS 10 d SEAGERI g A 7e e A K
AN RITER RS 10 d SF34A0 - HEnFng s
%4 A 3| TRIFFID, i TRIFFID i34 8 MEps
TP HE K R B 2 TR ) P 5 4 10 KX HI#E M
IR TR o SRR S B 0 R A ) R
TR RRAE A, AR TR R A B = B SE SSiB4 T
HIAE BB AL, SSiB4, X TR, M5Elfr
AREMBTHE G, B A DB AEER . RHDK
H3 FNIEE 2T S B R A N A TR (L dh
Wi ) SR X e I R 2K I (A
1.2 TOPMODEL MEZAF K5 SSiB4/TRIFFID
EE Ny

R 3 ANHEAMEE, TOPMODEL HE57 1 i
AL K HRR 2; 19— 4530 5 I B AR B A
FISFE 3 R K R 2 Z [ A SR LR AR O 5
z Z B f@#MTf# ( Sivapalan etal., 1987 ):

-1 = a.
=z+—(A4-1 : 11
z, =z f( ntan,Bl.) (11)
K, (z=0) 7
Qb: sx(; )eﬂef (12)

AP, a WAL — R ¢ AR B AE REk
KB ESECTA s B3 b2 s Ak M i PSR 1

4q;

A=In LA IR R A N R

tan f,

HICAEE. Oy MR AR LIT A0 (JE0 );
Ko(z=0) 3 LRI

22 T3 A 8 T v (T K R 0 ) 4 ADoK
IR ZES, S ACRIES m F MR T o,
K(z=0)=aK(z=0), HNHFHELFRRE Oy N
(Chenetal., 2001; Niuetal., 2005 ):

K(z=0) 5 -
_aK(z=0) 3 s

f

0, (13)
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K PRI 5 DX 358080 43 SA R DR A A 1 X 1Y
fai R A /7% ( Gedney et al., 2003; Stieglitz et al.,
1996; Niu et al., 2005; Deng et al., 2012 ), ¥ SSiB4/
TRIFFID 5 TOPMODEL S£47kEA . ARIE (11),

a, -7

> fz+A

TEVTCE Y R KR S z B, In

tan f,

P8 DCICRR S PR DX, 2 S AR X o 3 8 0

4

Fo TR BT AE $000 A1 PR BN In > fz+ A1

tan

i

JEEIHEA TR R 1R (Niuetal., 2005), FFLL, 1HFI
X 5 A 03 Foa M

Fo={ i o pldf (D]dA

K, pldfid)EHUE T8 B 5 B pR g,
T Foa 3R, F e $8B0REIG H T F8 5000
AL (Niuetal., 2005), MW=L (14) IRESHM
53R Faao

F;at (15)

K, Fa ISR X H R G
B, FTLAE A P HE BUE S TS 2 5 RE i R
2t e TRBOREI GRS

A (13) PRI R TR0 0y, £
SSiB4/TRIFFID HWIRZB T, 55K O ML H
HUR KA B 32 K DU Y 2 A K
H—E R LB R BEANER (Niu et al., 2005; Deng et
al., 2012 ), MPd-F s N AKIER z (T4 3 )2+
e T, 2 Stieglitz et al. (1996 ) FOEL O, BUE
o XMFIRMX, BAEAE; XTREMX, A%
MR PUA WK GHE 3R 2 ATk R
BUME. MK THAMX AR X G, X
i1 F AR I A AR AR RN X B AR B 7 i AR A X
W, BRI R AR A IR Oy, HTIRA
X B R OK B TR b R AR I A A%, e
SSiB4/TRIFFID itk = H P ABH R Py
5K (1-Fg)P; ( Deng etal., 2012 ), %— M
£, XA TRIFFID H A2 (st ) 12
11484 TOPMODEL 1) SSiB4/TRIFFID ( &M 8
KAV RPUAE 1), R4S T RSB T A
B AR IEAAP B R (Rt ) %
T RIIASCT-2415K H ek i~ 94
2 BRIt
21 HREEASEAAER

PO R W 5 L DXOAR B )3 A T 31°~33°N,

(14)

— “C(A-4) _ -Cfz
- Fmaxe - Fmaxe

102°~103°E , i 48 i A 3015.6 km®, ¥ 4K 76
2180~5301 m Z[a], “F¥JEREE 4000 m ( BRZE
BEAE, 2004 ), MR ZERIE, TR WA
BT, A AT L TG R A3 A A B iR
AR 2L T R S bR IR BT R RS
R, FERAFARETHAR, I FEHHE N ) | FEAT IR
KA R Y o B IR s R R 95 I [ R RS T
FEHROA AR 1ox1°, IR 3 h %) 1983
—1987 AFE A HT IR o ARPESMEAR ALK S MRS
(Danetal., 2012), 1983—1987 4EM} B REFC S Mo
W, WK Fadh. [ FRERES . MR
Kpldmat . <R, Bk, AKRE. MEMRSE,
FHVAEAN 2 SR8 5 (31.5°N, 102.5°E Fi1 32.5°N,
102.5°E ) = i30T M i 45 58 3 PR 749 S 3R A 7oK S 4
B WIS IR HERN A 8 1 21 5 AR Gl 2 4F
S AEREK R 777.6 mm, PiPEuEESEN
46 C., HoMERTm IR 5 FFHHE N
50 C, 7 AR 9 AREAKNT IR SEMREK,
HoAh A3 22 548/, FEAHT0ERE L5 S BRI A AE
2557, HISIEREAS S AR P Tl ik e S FE IR A 2 XL
SAEFRAE, BRI IR S SR AR AR 1 A8k
RE—E0W (AP, 2012),
2.2 RIEiEIT

R 48 7 VG P I e L DX S YT 3 5K il 7 ST A X
AR N, AR A EIE SSiB4T/TRIFFID
BT — BRI R A K PG R A BUER  , SA5
BRI E R TN FE (Amell, 2003 ), XFh
D7 ¥ E UG 55 b X RE A A5 ] A e A8 AL 5
P (Minville et al., 2008 ), bk JE ANREM AR 2
(]2 % ( Minville et al., 2008 ), 45 1 ZHikI 14
AR, 5 AFRSh R A BT 120 IR, ELEARA
600 4F, YEMEHIRLE, idh T, N T fTHEgs
TP X A AR AR A BB A AL, 7F 1983—1987
ARIR PR Al RN R TR AR K
PRI TAMIE . %5 833 A i B B R IE
JEE RE A EE R I, 28 2 e A
B K ARSI 2 C, LR 600 4F,
YENSIR T2 CREUEPERES, 18 T+2. 1Ah,
A P 2 RAIG, Bk — i, 26 3
HIRK W TR KM AR 5 C %
JKBETI 40% , ESARAL 600 4F, fENSIR ETFS C
) s 2 K 38 0 40% A B8R PR IR R, ek TS,
(1+40%) P, I 6 e Bk 27 o 51 A P 0 e it
ML HEERERIAR . C3 B, C4 ML EAER
TR o AR A SR TR 3k 7 1 o AR A
275 K 4b, H4HR A TRIFFID fUME . SkEF ik
HUfl 243 K, C3 Fil C4 FEHBIUE 253 K, FEARBUE
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243 K, SHEBESRAIE I FK 535 e P 34
fH 0.2, FHGIEAIPIGG M THFFEE TRIFFID %
BmR/ME (FFAN 4.0, FEAFHEAR K 1.0), ¥
U o R EBUE N 0.01,3 )2 38 B3 S HUE 0.02
m (£Z), 1.00 m (RFR)Z) F12.00 m (FZ ).
R 2 e T 3 o BB A I AR R A R R, SR e 48
BORBOHATIAA , Fnax M1 C 43314 0.4 F110.45( Deng
et al., 2012), WAL (HEN 2.0 (Niu et al.,
2005 ), K (z=0)FHEAIFACKIES mFEER T o 4
SIEE R 22107 m's™ H1 75 (Dengetal., 2012),
3 BWEMREmRKEINERS S
3.1 MEREHELLER

PRy, C3 AL bl 7 o SRR N, 78
556 AMEALIAE IR B W (E I G TEE A 0 188 fim g T
AN, BT T RAE 25 MBI AR (A 5
A N WTTR/ WA NS 9 = 18 - % N P N
o, b, SRR AN 0.806, MR 5
9 0.073 (RBEE, 2012), JREEHINE A R Ty
FEI AR VE R, ol 1 T 22 sk 1 (o 7 55 01
FlE—29 5Kk, ik, BEERBERM, #aE bk
Vo RN T A A 7 - S o A 82 |
5 °C, WEEHMME SR ISR T 0.806 T %
$10.699 , 11 & - i M 55 2% M 0.073 7131 0.301
(ABEF, 2012 ). K 1)k 600 LA 7 ek
BRI AR B AR, B AR S5 R
T THIARFE BN, 55 450 MR LS AT
FETE 8.0 Zi47. B 1(b)Fin Al 5 AMEHIAR-F-1
P = MU TR 2% = G oy R W s SR S S D R TETR A e )
8.0, FEEIREENAN 2 CH 5 C, 4EFyH TS
BOorlh 8.1 F1 8.3, B PAEREE RE TR, Akt
T FRFEHE I, 428 T+2 F1 T+5, (1+40%) P ikE
T REEUL TR, X R TRE IR T, 7%
I o] P A T S, 56 2 R AT il o e
AT A TR 275 KB, PR rEpRys e,
R I AE R N, N SCBGREA S R C3
TS 6~10 ADAE, st nh 2 B AR

— T(Temperature)
------------- T(Temperature)+5,(1+40%)P(Precipitation)

Leaf area index
—_— N W A AN 0O

S =
RS Wl B L

100 200 300 400 500 600
Year

55 21~25 RIS 2 AR B S MEHAERY
WA BB A3 AT S PR X i K P () 52
3.2 MmEBKEFEIEER

AMHGE 3 HIRIIIAEAEAK G, gk 1 fr
7~ KPR, FHEYE 3N R 7%
UK, RGN, W S C3 B
MRS ZEBEEAR S, X T2 50, ARAZERHE R
T C3 FHEME T E A, (H 5 & AT 2
SN, RHF T+5, (1+40%) P 5, FRAEERTE K
THEIFHEA, I 320 BRI ZE U KAz
TN BEE RGN, AR AIZEHON N,
(HZRMGEHEIE NIRRT C3 S RIS A, i
BZEHON B IR HE A 35 B B R T AR T IR fe/ IVAE R 2%
M SRR R AR, SEIREAE S,
PRI AR AR s/ METL . WSR2 T+5,
(1+40%) P {5, FRMBE 55 AR I R BRI N
0.43. 0.21 F10.16, BHIEEERG RN R InfE
TBZEROEN, MR e R A
AR RV D )N, S I R AR RN ek
(ABESFAE, 2012), BORBEE RIS )N
TR AR AR I A RS I ) 52 M -5 I A S
A, DI ARARES, TRISZEEORAR SRR
A e UK

R1 REARE 3 N HRIKETE

Table I ~ Water balance of the Suomo Basin for the three periods
. . The 6~ The 21~ The 596~
Treatments Simulation year
10th year 25th year 600th year
Precipitation/(mm-a ") 686.3 686.3 686.3
Evapotranspiration/(mm-a ')  388.5 4453 388.1
Runoff depth/(mm-a") 297.8 241.0 298.0
Runoff coefficient 0.43 0.35 0.43
Precipitation/(mm-a ") 686.3 686.3 686.3
T+ Evapotranspiration/(mm-a ')  507.2 574.1 539.6
Runoff depth/(mm-a ") 179.0 112.1 146.6
Runoff coefficient 0.26 0.16 0.21
Precipitation/(mm-a ") 960.8 960.8 960.8
T+5, Evapotranspiration/(mm-a ')  665.9 753.2 802.9
(1+40%) P Runoff depth/(mm-a") 294.5 207.7 157.9
Runoff coefficient 0.31 0.22 0.16

—e— T(Temperature)
-------------- T(Temperature)+2

95 r T(Temperature)+5,(1+40%)P(Precipitation)

0
[V N}

o]

Leaf area index
' 4 T

~
[

1 2 3 4 5 6 7 8 9 10 11 12
Month

E1 EMHEREZNEN (a) 15 596~600 HINEFHEAHERIES (b)

Fig. 1 Changes of simulated annual leaf area index (a) and averaged monthly leaf area index for the 596™~600" simulation years (b)
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3.3 MEEEHH SIPMETENEMERERMUER BEZER o FRMGEIE F et 208 B8 28 % B R 1 o ny 1

£ 2 R R 3 AiEAE 6~10 BHLIAE 25 21~25
a5 MRS I 3 > 2 i FHRk
75 | R ML . BEE TR,
3 Pk 2T BRARZE I ek 2 A R 2 R in iRt
R, BIFHERRZ, C3HHR/N, 1 C3 HHF
FIRHEAR 14878 RGN R T AR X RRAK,
P I ARG Z R A 2 A B R, TEZR I T e
Bl iR, HREE RS, 2SR,
T+2 REZEM C 528 R LA, T+5,
(1+40%) P iRKZZBEHE K T2 EL, 7
ZEHCR T & eI, TRt C3 B AN E JRHEA,
TR R A ZEECP AT Bl RO, ZRBIRZ, H)E
MR ZR LA ZETR T & el B 2(a)FE 2(b)
JiRar R i E S A EHUART- 345 H 2K 11 Fn et )2 8

®2 3NMBRTEHEERE, SEREBHELMIERR
Table 2 Mean annual transpiration, canopy interception and soil

evaporation for the three periods

. The 6~ The 21~ The 596~
Treatments Smulation year
10th year 25th year 600th year

Transpiration/(mm-a ') 96.6 149.2 129.2

Canopy interception
T Py ereeption 99.4 1193 1706

evaporation/(mm-a ')
Soil evaporation/(mm-a”')  194.3 178.9 90.4
Transpiration/(mm-a ') 136.3 198.2 208.0

Canopy interception
T+2 . o 123.2 143.4 211.3

evaporation/(mm-a )
Soil evaporation/(mm-a”')  248.9 234.3 122.1
Transpiration/(mm-a ") 185.3 258.7 353.1

T+5, Canopy interception
. 4 146.7 168.1 293.0

(1+40%) P evaporation/(mm-a ')
Soil evaporation/(mm-a”')  334.7 3274 157.8

—e— T(Temperature)
P T(Temperature)+2
(a) T(Temperature)+5,(1+40%)P(Precipitation)
50 F

S
T

Transpiration/mm
IR
S S

—
S O

1 2 3 4 5 6 7 8 9
Month
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Fig.2  Averaged monthly transpiration for the 596™~600" simulation years (a) and averaged monthly canopy interception evaporation for the 596"~600"
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Table 3 Mean annual NPP, NEP and WUE averaged for the 596™~600" simulation years

Treatments NPP/(g'm >a") NEP/(gm >a") WUE1/[g:(kg H,0)']  WUE2/[g(kg H,0) ']  WUE3/[g:(kg H,0) ']
T 1052.0 495.7 2.70 127 8.14
T+2 1093.6 5373 2.02 0.99 5.26
T+5, (1+40%) P 1199.5 650.8 1.49 0.81 3.39
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Simulations of the Impacts of Climate Changes on Carbon and Water Balances
for A Sub-alpine Basin in the Mountain Region of Southwestern China
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Beijing 100029, China

Abstract: To investigate the effects of climate changes on carbon-water balances at basin scale in the mountain region of
southwestern China, the Biophysical/Dynamic Vegetation Model SSiB4/TRIFFID is coupled with TOPMODEL. Long-term dynamic
simulations are run of vegetation succession and carbon-water balances under different climate scenarios for the sub-alpine. The
results showed that evapotranspiration of the basin increased and reached its maximal value and runoff reached the minimum during
the period of C3 grass succession into shrub. The evapotranspiration decreased, and runoff increased during the period of shrub
succession into forest. A temperature increase of 5 ‘C accompanied by an increase in precipitation of 40% [T+5, (1+40%) P] could
reduce runoff from forest owing to a significant increase in water loss through canopy interception evaporation and transpiration.
Among the three vegetation types forest evapotranspiration increased most, which resulted in forest-runoff relationship changed with
variance in temperature. From the control test to the T+5, (1+40%)P test, the forest evapotranspiration increased from 249.7 mm-a™
to 802.9 mm-a™ while runoff depth decreased from 298.0 mm-a™ to 157.9 mm-a™ and the runoff coefficient decreased from 0.43 to
0.16. The net primary productivity increased from 1025.5 grm™?a™ to 1199.5 grm™a™, while net ecosystem productivity NEP

2" t0 650.8 gm>a”'. As the rate of evapotranspiration was higher than both the net primary productivity

increased from 476.8 g'm
and net ecosystem productivity, the water use efficiency (WUE) which characterized the coupling relationship between carbon and
water decreased with increasing temperature. WUE decreased and the role of forests to increase runoff changed to reduce runoff with
altitude. The vertical zonality of climate controls the spatial variation of the forest-runoff relationship and WUE.

Key words: coupled model; carbon-water balance simulation; forest-runoff relationship; water use efficiency; impacts of climate changes



