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T H A A TR K B O RIORS B, X GPP BT BLBIEE SR AY Nash-Sutcliffe R R EL(NS) 43514 0.69 F10.63,45 HIRE T
64.3%Fl1 80% , ¥ Hi% 22 (RMSE) W43 BIFEMRZE 1.94 g C m™ d7' 1 0.88 mm/d, 235 FF& T 26.5% 1 25.4% , TEAR K SAZASAL
TS B A SR T BRI KR, CO, MR BE 431 B GPP B AIC T+ AT, Hodr GPP X KR COL MR LT+
Wi 17 A B ( 28%—44% ) 376 18 TRl 1 T+ (1%—5% ) FHRE K AR AL (3%—10% ) 1), ET W) 32 232 [ K A9 5% ) , e 1o P B 5% —
14% 2 18], GPP il ET X728 4k i min 187 D) 32 R [ K P 1) <R _E T Bk AR R AR CO, M E ETF = HLe BRI, 2T
GPP Fl ET XS ARAAL A ma R, WUE BESC R 1T B K 3G SR IA BE AR R 34 | IR i 2D RIS, CO, Mk B T v D) 22 e a8 G
Fof RS S AGE KRR, CO, M BE T B i 3 R BE N 27.7%—43.6% , 6 i T %l B TH (1.2%—5.8% ) &K AZ 4K (1.2%—3.5%)
B, BRI A SR S AR b KR, CO, M AR IR b AR K R B IR 2 Hoh A T 2477 WUE(2.8 g C /kg H,0) ,C2T2P1 Al
COT3PO {&5 T WUE 1% F 55 A AR B2 55 K, 4351y 45.4% 1 5.8%
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Abstract; It is of great importance to project the response of carbon and water fluxes of terrestrial ecosystems with climate
change and to develop science—based biological climate change mitigation strategies. We used our continuously measured

long—term carbon and water flux data for a poplar plantation ( Populus euramericana CV. “74/76”) to calibrate and validate
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2 JAE = 39 %

a widely applied Biome-BGC model to accurately simulate gross primary productivity ( GPP) , evapotranspiration ( ET)
and water use efficiency ( WUE) and to project their responses to climate change. The climate change scenarios were
designed with different levels of rising temperature (T), precipitation change (P ), and atmospheric CO, concentration
(C). Results showed that the Nash-Sutcliffe coefficient ( NS) of the simulated GPP and ET were 0.69 and 0.63,
respectively, with a root mean square error (RMSE) of 1.94 ¢ C m™ - d"'and 0.88 mm/d, respectively, which indicated
that the calibrated Biome-BGC model could be effectively used for modeling their responses to climate change. Under future
climate change scenarios, the overall responses of GPP and ET were influenced by a combined effect of C, T, and P. In
addition, the individual responses of GPP and ET to these climatic factors varied. Rising temperature and decreasing
precipitation caused a decrease in GPP, while an increase in precipitation and atmospheric CO,concentration resulted in an
increase in GPP. The enhancement of GPP with increasing atmospheric CO,concentration was 28%—44% , which was much
higher than that of rising temperature (1%—5% ) and precipitation (3%—10% ). However, the variations in ET only
responded to a precipitation change of 5%—14%. As a result, WUE (GPP/ET) decreased with rising temperature and an
increase in precipitation, while increased with a decrease in precipitation and rising atmospheric CO, concentration. The
rising atmospheric CO, concentration enhanced WUE by 27.7%—43.6% , which was much higher than that effect of rising
temperature (1.2%—5.8% ) and precipitation (1.2%—3.5% ). Compared with the current WUE (2.8 g C /kg H,0) , the
largest increase and decrease in WUE would occur under scenarios C2T2P1 and COT3PO, which are 45.4% and 5.8%,

respectively.

Key Words: poplar plantation; Biome-BGC model ; climate change; carbon and water fluxes; water use efficiency
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UTAER AR 23 T A A5 B R ORI 12 T TR0 A 25 AR e A A AR B A B H S A=A A A i o B
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PRI, A SCHE T Biome-BGC R, 128 FYAE 25 22 G838 W rh R A UG 80 A K e e 8 3K s A0 £k
AR AR 4 A AL AL A ST T AN TR U A S5t A N TARAE 25 AR ek o S HOK 73 4 H
ROR, ERHMAET : (1) W A TR A X A AZ A 4 i L 5 (2) I8 R X T AN TAR
K M BRI

1 REHER

AHFZEA T b 5 T R 2% XA B4 R 2% HK37 (39°31750"N, 116°15'07"E ), iR S FE M S TR AR 24 1.0 km?,
75% 1 2002 4N T ARAEAIRKSE 107 A ( Populus euramericana cv. “74/76” ) N T 4likk, #F5% X & T BRI
MR AR, ZAEBIRAE 11.6°C , Z4F N i i AR (IR 43 318 40.6 . —27.4°C  4F 34 H ST ECH 2772 h, 4R
TeFA R 209 d, HERPHE SR 6.7 MJ m™ - 47" KU 284k 2 2, KU 2 2w KU (B 3 ) AP b XL (&
7 ) AR 5T IX BRI S Sl LI i X A R R B AE R R 7.8 R 9 = AN H v, At 3T PN A R T o o 4
HERREF B 1Y 60%—T70% (#R4JE 1956—2000 4 R4 il WL EHE , 116°15°07"E, 39°31'50"N) , i % 20 £
AERAE S K290 556 mm , HorP B KAERE A 1085 mm, i /ME MR 4 262 mm, 5T X N + 5 Ky b
BWEVPIE A P34 - R EEZ) R 200 em, + BUsiAs , HAG 0 7 Ve o & K R IE RE ) 22 55 47 4 ; 10 pH (W 8.
25—8.39 & HAE 1.43—1.47 g/cm’ 2 i),

2 WRFGE

2.1 Biome-BGC #7!

Biome-BGC BERYJE: iy 52 [5 58 1 8 K27 fili 3t 3l A B E B /N4 NTSG ( Numeric Terra Dynamic Simulation
Group ) JIT T & WA 25 3t AR ML BRASE Y AL L T 1) DX 28 10 2 400 b R A 2406 B 3l AR R /K Sl A A2 L i Ak A=A 26
B YRR B S B, BEAETE HORUEE - RBCHURI T334 o i b 2E 25 R e 26 A P A e | U T ) LA K 3 2 (1]
R B KRN it i R 2 sh SRR 0
22 HBRIBH

Biome-BGC A5 71 () IR sl 2 HUELHE vk 15 S50 (site parameters) | LL H K YRS E0E ( meteorological data)
FAE S BEZ0 (eco—physiological parameters) , ASHFGY H , ¥ 5 S50 R G 5E (2006—2012 4F) 43512k A
SR A 0 5 R UL 5 55 A0, SRR AT AL (Vario MAX CN) FIEF4E R 407X ( Fibertee ™2010) SRAEN
E TR A N AR 2y AR 8 A BES 8, I FRC LG C: N, C: N, Ly, L., L, .FR, .FR . FR
DW ., .DW,,; [A] B, A% B 5% 2L F Biome-BGC T H %% 35 %2 #1145 # R 48 ( Biome-BGC Project Database &
Management System, fij #k BBGCDB) , 2K F Monte Carlo 43 A i B AH S LI B P | XA A v pir A5 a8 A2 254 PR S
BHEAT T USRS 0T, P45 6 GLUE J5 X i Kl i 52 i 35 1 13 S SHGHE Tk, B8 i 5 (0l a1 S #%
A A IS AR BUE IR O LR 1,

cel » lig »

F1 R ALK Biome-BGC RE if S S HMEREESH
Table 1 The site-specific and eco-physiological parameters of Biome-BGC model for poplar plantation
280 (e HfH L P 3
Parameters Symbols Values Units Data source

U SRS EL Site-specific parameters

A B YR Effective soil depth — 2.0 m ABEGENE
1K Elevation — 30 m ARWFFEIE
45 Latitude — 39.53 degree WG
2% Longitude — 116.25 degree ABIESE I E
Hb 3 AT Shorewave albedo albedo 0.20 — BT
FIEHUELL AL SoilS Texture KL Sand — 94.96 % AT E
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4 S S 73 39 &
ZH i HfH Hp; P 3
Parameters Symbols Values Units Data source

MRL i Silt — 2.49 % ARWEFTIN 2

Bk g it Clay — 2.55 % AT E
KETFIRAIIE Wet+dry atmospheric deposition of N — 0.006 kg Nm2a! [31]
AW [ 4 Symbiotic+asymbiotic fixation of N — 0.000337 kg Nm2a™!
HE B 25 BB Eco-physiological parameters
ARARBARAR A BEZEA Woody/non-woody flag — 1 Flag BEE
WG IE M Evergreen/ deciduous flag — 0 Flag B
JeBKM C3/C4 — 1 Flag BEE
YRR H R X Model phenology/user specified — 0 Flag BE
K ZFTTR Yearday to start new growth ONDAY 101 Flag ARG E
HE K ZEEER Yearday to end litterfall OFFDAY 302 Flag E NG pE
PN B 5 A K22 H ] Litterfall as fraction of growing season LFG 0.205 Prop. E U4
I AR A 8 5% 2% Annual leaf and fine root turnover fraction LFRT 1 la™! BRIASHL
5 SEAAE R 5 28 Annual live wood turnover fraction LWT 0.578 la™! e UR4
BERASET: R Annual whole—plant mortality fraction WPM 0.006 lat S
HEH KBEFET-R Annual fire mortality fraction M 0 lal AWFFEI
AR I A B SMC L New fine root C: new leaf C FRC:LC 1.04 keC (kgC) ™! AT E
ZE 50 R R BE . New stem C:new leaf C SC:LC 3.1 keC (kgC) ™! SR
HARE AR LR ELLE New live wood C:new total wood C LWC:TWC 0.228 kgC (kgC) ™! ZHA
FIAMR 5 2550t . New croot C:new stem C CRC:SC 0.22 keC (kgC) ™! N
2R K FE 5] Current growth proportion CGP 0.437 Prop. S
R L C:N of leaves C:Nigys 16.58 keC (kgN) ™! BT &
JHIE IR A L C:N of leaf litter, after retranslocation C:Ny, 49 kgC (kgN) ™! BINSEL
IHBRZ L C:N of fine roots C:Nj 43.2 kgC (kgN) ™! BT
THARFALWRA L C:N of live wood C:Ny, 50 kgC (kgN) ™! BINSEL
FEARTFA LA C:N of dead wood C:Ny, 550 kgC (kgN) ™! LN
g /%%EP%W’ Y LA Leaf litter labile proportion Ly, 0.20 % AHIF 5 I 7
JHIEY 27 4k K A5 Leaf litter cellulose proportion L. 0.51 % BN pE
V758 AR B L) Leaf litter lignin proportion Ly, 0.29 % ARBFFEM &
YR P 5 43 I EE ) Fine root labile proportion FRy,, 0.12 % ARWFFEI
YNHR LT 4E & H A Fine root cellulose proportion FR,, 0.54 % AT &
AR AT Z He il Fine root ligin proportion FR, 0.34 % ARG &
A LN S 17 2 2 A Dead wood cellulose proportion DW 0.78 % ARHFFE I E
FEARFTH LU A T2 L] Dead wood lignin proportion bW, 0.22 % A 5T 2
T2 5 28 Canopy water interception coefficient Wiy 0.0355 1 LAl d™! SRR
T JZTHYEE B Canopy light extinction coefficient k 0.599 — e O RES
W T RS Y M T RS AL All-sided to projected leaf arera ratio LAL o 2 LA LAT™ HIAS
cﬁaify: ualvfage specific leaf area (projected area basis) SLA 46.64 m?(kgC) ™ SHe

Sl I

Rt of chid SLA vt LA 2 SASLAT s
LIRS FLNR 0.157 - AL
R Eonar 0.0094 m/s SR

Maximum stomatal conductance ( projected area basis)
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7 39 FElE 55 3T Biome-BGC FEBY A IE T 4% N T ARBs K 388 o 6 A A2 A FR) Wi SO T 72 5
28 (i T fH i P31
Parameters Symbols Values Units Data source
2% )2 'S Cuticular conductance ( projected area basis) Lo 0.000094 m/s BRI
i1 %2 % Boundary layer conductance (projected area basis) &n 0.01 m/s RINSH
= EEANINEOLAS
AL IR/ T.EU F 7k ' LWP, —0.34 Mpa (9]
Leaf water potential ; start of conductance reduction
S AL 5EL THA T
KA EMA ]“ﬁ’J it h K # ‘ LWP, -22 Mpa [9]
Leaf water potential ; complete conductance reduction
= 2 B e
W?L}Fﬁnlzﬁ/hﬂfa'J 'Lﬁ*ﬂﬂ((w}f?ﬁ . VPD, 1100 Pa (9]
Vapor pressure deficit; start of conductance reduction
Tl A A S T
AL A R T 22 vob, ‘00 o o

vapor pressure deficit; complete conductance reduction

KHASEOR A [32].

2.3 Hdlaab B 5o Hr
231 fpeokom B S IN{E R

AWFFE 38 T A 5 ZR G A i B /K G e P TR RS IE | R G AR 1 AT T AR A Jo o 42 o] UL T
ZRTAHISERETE
2.3.2 BIRIRBIFM S5

AHFFE 3 ARl 7K G AR LML 5 SR F A, S B 3 NG s R P R BRI 43301 Ky
PLE ZEL(R?) Nash-Sutcliffe R R B NS) MY HR1EZE (RMSE) |45 A TR AT .

i(si _S) : (Oi _6)
R=|——
JZ (Si_3)2_(0i_6)2

PAE AT L3 i AR AR EU(E - LI =2 18] ) e e 1] 051 A, B RASE UL W 5 O {728 S5 RO BE ), BT 1
FORBLDZE R 5 S S R A AU R R

(1)

2 :zl (05 - Si) ’
NS=1- . — (2)
Z i=1 (0, - 0) ’
Ao, NS BYIBUE S FE A TE 55 R (RARBISOR 22 ) 31 1 (B AIRICREF) o S BABES DA RO (E i W) & FRE
AN SRR O =2 (6] B4 5 22 FURIN 5 22 —FE K, T NS = 0 5 A SFARUL- S5 0030 =2 [ f) 7 25 K W00 22, ) NS <
05 QAR S5 WL Z (] 1) 7 25 84T 0, ) NS 3T T 1, 3RS BEARAR AT M AT 1 WA ) 281k

(Si - Oi)z
i=1

RMSE = (3)
n

FHF P A A5L{E AN S DA 22 1] B4 i 2 BB HDL485 S5 09 A 1, RMSE /)N | & /R A48 5 LI =2 [0 7) i
ZE N B B AL R IR A
RS, F 0, 43 BIACFAALE FI ST T S F1 O 43 5 AR UL AL I AR A AR, n AR LI fY
2.3.3  JKAFIHBCRE(WUE)
AR AR RGK IR (WUE) AT .
WUE:@ (4)
ET

K, GPP B RGRWIBAT T, 07 g C m™ a™' s ET HAEBRGAE LZEBUL, 07 mm/a,
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2.4 SRR RO E

IPCC ( ARS) MR HEAS 20 A4 5 5 38 KOV B AN [R) 3 3 B ARV B A28 (RCP) "R T 4 FOR RS AR T 21
2o S SRS B 20 & RCP2.6 \RCP4.5 RCP6.0 #il RCPS.5, fl HAE RCP4.5 % 51 F /& 580—720 ppm,
M7E RCP6.0 155 K, 3 21 {22 Fh 3l CO, HEHUE 580—720 ppm, KK 720—1000 ppm, 7E 4 FlAR 6] A9 15 5
i, o RCP4.5 15 5t f T2 18 T & 25 FIBUR X A SR S M B2, FL AR AT & R ok i B 0 & SR A > 5
RCP6.0 #H4 T AR4 H1(#%) SRES A1B & &, I DATESC T AR SR B 58 th e 28 % R A

HR A EA W0 A DR RRAE BT AFERF T A AR A XA A S R G s ma B, 5 B2 E K
(A A BR AT S TN S T X SR A A B LA AR A T R T e (R s o 34 St e XA oA A A 7 A 1) A
Br—E0A N, KRR T, FK X I35 S ke 3 (A7 e B R A X s 22 52 % 241 AR T X
AR A [FIHEACNS 50 F % B AR b X AR S AR A B S5 2R 12 IXAE 21t 22 i O i SR 4R
i EILAFE LT 1.8—2.29C [ 2.3—2.5°C 5k 3—3.9°C , 1M & 4F F K A8 AU A + 5% B0 38 I 5%—10% [a] , i 78 21
ORI, IR AEK A 243 )2 BT 3.5—4.0°C B 4.5—5.8°C FIBE NN 10%—15% ", AR LA L/ 4
BT, ARWFFEH 3T RCP4.5 Fll RCP6.0 H1 (1) CO, HERUNG 5t , 45 & A db Hb XA 22 A v i S0 AR 7K 1 22 16 1
e, RIS R AL AR 2 hUR .

x2 PHREEMRRSBZENER

Table 2 Senarios of climate change in future in this study

= '_L#R ~ N ~ = 'J‘#R ~ N ~
e COEEO e COMEO
JE2=2 . R Atmospheric L Jm_ fEK (P) 2= . R Atmospheric L Jm, IS%ZK( P)

Cliamte Air R Cliamte Air T
No. CO, Precipitation No. CO, Precipitation

change ) temperature change . temperature

. concentration . concentration

scenarios scenarios
1 COTOPO g AR AR 13 CIT1P3 650 ppm +2°C +10%
2 C1TOPO 650 ppm AR AR 14 C1T2P1 650 ppm +4°C -5%
3 C2TOPO 860 ppm AR AR 15 C1T2P2 650 ppm +4°C +5%
4 COT1PO AR +2°C A 16 C1T2P3 650 ppm +4°C +10%
5 COT2P0 AR +4C AR 17 C1T2pP4 650 ppm +4C +15%
6 COT3PO AAE +6°C AR 18 C2T2P1 860 ppm +4C -5%
7 COTOP1 g AR -5% 19 C2T2P2 860 ppm +4C +5%
8 COTOP2 AR AAE +5% 20 C2T2P3 860 ppm +4C +10%
9 COTOP3 A AR +10% 21 C2T2P4 860 ppm +4C +15%
10 COTOP4 AR AR +15% 22 C2T3P3 860 ppm +6°C +10%
11 CITIP1 650 ppm +2°C -5% 23 C2T3p4 860 ppm +6C +15%
12 CIT1P2 650 ppm +2°C +5%

3 HBREHM

3.1 Biome-BGC BiRIX GPP \ET ML AN 5HIE

FEF UL AR N TARAE S R S8 2006—2007 4F B 0142771 (GPP) FIE S RGEZR WL (ET) Xt ey
Br'1 Biome-BGC FEAITEBRINS AL S 805 MAMETE T X A Ak GPP ET RUBHUECR , tnk 3 s,
M 3 HAf LIE ] Biome-BGC BRI A T4k GPP ET BRI IR , GPP 1E BN S BN B 55 K
SIS AR LA R0 R 1.24 F10.88, BABHFE I FIME I T 25 HARTE S Al FUIRAG B4 s GPP B
FEWIFIEIE T IR & R B 30 (e REL R 290 0.75) . AHELZ T, S5 IL)S Biome-BGC X A
T MR GPP #EH R A RMSE M 2.64 ¢ C m™ - d™ /N 1.94 ¢ C m™ - d7', FRAKIE N 26.5% ,NS M 0.42 I
T2 0.69 (R T 1), HIIRIE 64.3% , RERHEIS ) Biome-BGC FLEIX) GPP AE ALY W) & F B K FLife
BRI BT . X T ET MR, BRI T #FE 78w il B 4, R US40 {8 RR 6% A B S (B 70%—80%
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74 FElE 55 3T Biome-BGC FEBY A IE T 4% N T ARBs K 388 o 6 A A2 A FR) Wi SO T 72 7

B ARk B E LA R EE AT HE T GPP By HER BT ; [RII , SR AL SRR XS ET AR AL A48l 1 ) 5 2
H RS, K IH RMSE M 1.18 mm/d FEAEH 0.88 mm/d , AR BE 1k 25.4% | i % HAC LR 1 A 5
$ETE,NS DA 0.35 $-TFZE 0.63(H & T 1), H ETHIRE A 80%

*3 #HMAI#A GPP.ET Lill{E5 Biome-BGC A EEIASH AN SEER TELEME X LSS
Table 3 Correlation analysis between observed and simulated daily GPP, ET of poplar plantation under original and modified parameters of

the Biome-BGC model

. - —_ Ny BOR R BIrmk K
SRAAIY Bokimht AR WERH(R) s ) s
Parameter Carbon and Regression Determination . - .

L. . . Nash-Sutcliffe Root mean Significance
combination water flux equation coefficient -,
coefficient square error level
INSHL GPP y = 1.2397x — 0.4462 0.75 0.42 2.64gCm™2-d! < 0.001
Default parameters ET y = 1.1931x — 0.1893 0.70 0.35 1.18 mm/d < 0.001
k=41 GPP y = 0.8769x — 0.2155 0.75 0.69 1.94 g Cm™2 - d"! < 0.001
Modified parameters ET y=1.1619x — 0.2036 0.80 0.63 0.88 mm/d < 0.001

GPP . B A== 71, gross primary productivity ; ET : ZEH % , evapotranspiration ; y : f B IE | simulated value ;. ; 3 £ S2{E , observed value

RY A AS B AR A AR AT {5, B 2008—2009 4 GPP ET XF A% 1 J& Biome-BGC F R HE 4T
IE, 25 BN E 1 R, A E L 28RS B Biome-BGC X GPP 2575 748 Ak By AR 10 5 S I 11 2 A e s i — 3%
PE A T AMEI A D R0 R® NS Fil RMSE , B iE B0 285 SR 1y i 2 28505353124 0.87.,0.85 F11 1.60 g € m™

< A7 X ET AECUNA B s Al RS IE Y R? NS F1 RMSE 43514 0.79.0.71 1 0.87 mm/d, HAKHY
R’V fE5 Biome-BGC AN} +HE/K P i B 5 J22 /K 4 B BA St R T Ak A oG, Bk b B0 UEH R? NS Al
RMSE A% 50— 2, 2 A HE IS 1Y Biome-BGC RIS i #4 A\ T 4k GPP ET BRI R4ty H HA —
SR E Y, BT TR TR S R REY,

180 0.9502¢- 0346 90 [ 1.0487x - 0.0507
R*=0.8712 © o R*=0.7942 o o o,

15.0 P<0.001 OO 75 P<0.001 % s
= RMSE = 1.60 o O RMSE = 0.87 o
o <)
o 120 < 6.0
§ g

m O w =
=2 90 =E 457

~ =}
= =
£ 60t £ 307
=] [}
=

30 1.5

° B GPP § ARl ET
0 ¢ L " " " " ) O A L L N N
0 25 50 7.5 100 125 150 17.5 0 1.5 3.0 4.5 6.0 7.5
S S
Observation/(g C m2d™) Observation/(mm/d)

Bl 1 3UEH(2008—2009 &) it A TR BHREF 71 ( GPP) ZFEH& (ET) B RESLE S EHUEX LEE
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