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Abstract; Estimating the carbon budget is one of the most important scientific steps for observing worldwide biological

changes. In this study, we used the Integrated Biosphere Simulator (IBIS) to evaluate the effects of climate change and
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elevated CO, concentration on the temporal and spatial variation in carbon budget pattern in the terrestrial ecosystem of
China during 1960 to 2006. The results from the model were validated against forestry inventory and flux observation data,
and compared with other data from previous publications. The following results were obtained: (1) IBIS accurately
simulated the carbon budget pattern of the terrestrial ecosystem of China. The highest net primary productivity (NPP) was
observed in southeastern and southwestern China, while the lowest NPP was distributed in northwestern China. (2) The
NPP showed an increasing trend from 1960 to 2006 in all climate zones except in the wet-warm-temperate zone. From 1960
to 2006, the total NPP of the terrestrial ecosystem of China showed an increasing trend at a rate of 6 MtC/a and the range of
NPP was between 2.2 GtC/a and 2.7 GtC/a, with a mean value of 2.46 GiC/a; peak values occurred in 1990, 1993,
1996, 1998, and 2002 in the last two decades. (3) In 11 climate zones, NPP was significantly correlated with precipitation
and temperature, and precipitation was the main limiting factor except in the wet-middle temperate, cold temperate, plateau
temperate,, and plateau frigid zones. (4) The net ecosystem productivity ( NEP) showed that most terrestrial ecosystems in
China acted as carbon sinks. Only the dry-warm-temperate zone in northwestern China and the southwestern part of the Tibet
plateau acted as a small carbon source, while Daxinganling, Xiaoxinganling, and Changbai mountains as well as
southeastern and southwestern China acted as a large carbon sink. (5) The NEP showed a significant increasing trend in the
wet-middle-temperate, plateau temperate, and plateau frigid zones, while other zones remained in a stable state from 1960
to 2006. The total NEP of the terrestrial ecosystem of China also showed an increasing trend at a rate of 1.6 MtC/a and the
range of NEP was between —0.10 GtC/a and 0.25 GtC/a, with a mean value of 0.11 GtC/a from 1960 to 2006. (6) The
NEP showed a stronger correlation with precipitation than temperature. Except for temperature, precipitation, increasing
CO,, land-use change, and the program “Grain for Green” were also among the most important factors that caused the
change in the carbon budget of China, and the response of terrestrial ecosystem to these factors will be the priority for
research in future. Above all, IBIS produced reasonable and reliable results on the terrestrial carbon budget of China, and
these results can be applied in predicting the potential of carbon sequestration and providing the scientific basis for regional

carbon management.

Key Words: terrestrial ecosystem; carbon budget; climate change; NPP; NEP; IBIS; China
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(21.7+10.2) TgC/a, H LS RGEMRIL B N (7.0£2.5) TgC/a, o [ Bl A A8 R G0 5 S BREICAY 6.
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EBREEEMIBER SR, R A Y W B A= Py b 3R AL 2 i B A BAE 25 6 sh A 2k g A4
AR (DGVM , Dynamic Global Vegetation Model ) i A 42 BR A 25 2 Go A R ik 2 88 5 1) 150 il A= 40y P A A
(IBIS, Integrated Biosphere Simulator ) V24— 2 EK S S AH G AY 538 T A8 8 4 528 Ak | 553 A1 R R 5 5
A AR ARG et B SR iE RS R R SE S BRSBTS B A SO S I AR kS VT HRTE &R
12 FH TBTS B e el ik b A 25 28 0 A4 7K 40 A o 7 R0 DX el i A S B A 400 B 8 UE T A% B A A B
CO VR BRI AE T %k v [ Bl A 28 RGeS Jm AR IE IR AR D PRI AR SCRI AT IBIS BEAY | B [y s
I 31 (1960—2006 4F) A& e COMRBEAAT 3 BWFST: (1) Rl AR 25 R GT i) G AR 7™ 17K Y 25
6 Jr R A R a5 (2) v ) i A 285 2R BB AT S IRV A8 4 B 25 s Jmy o i Je a3 s (3) o [ il b A 28 R G845
P 7= T RIS Ry R A5 Ak R e

1 #HESHE

1.1 IBIS FAIE 4

SERE WA IS IBIS (Integrated Biosphere Simulator ) F 32 [ g 0T HE 2 R 2R 2 BRIAEE 5 0] Rl & B o
(SAGE) ) Foley 25T 1996 4EJF % , J&— i A i Bl b A= W B B A0 | J& 58— 10 S SRR AL (DGVM) 1o
IBIS ARG 5 il i i A2 e 2 A P AR 10 M 3h A5 L e BR A Ak 2 55 5 OB Ve R 45 A
T FR AR B RUBE DA 1 ZINA 38 1 4 R AE S0 A W B G KA A B ) A5 5 A S TR st ) RS )i AR R A
BHIEA N AT Hh A e SRR 1 SRR JFR AR e b 5 7 A b (% A A R R A g
(1:100 J7) ) & AMHOC BRI 2R BRSHOR FT IBIS HEFME (38 1) o I -+ Hb R/ 4 4 78 25 5080 0 A
YA T LA R i A SIS e D G iz ke e 5] b A 2 3R A O A SRR O

F1 AEEYINGEETSEESH

Table 1 Definition of some physiological parameters in different plant functional types

15°CHESOLAHER W Ay Bt R] / a T 43 i R K

YT g Maximum rubisco capacity ) o Residence time Allocation fraction of
. . . * Specific leaf area/ .
Plant functional types of top leaf at 15 °C/ ( 2 ) of carbon total photosynthate
~ — - m

(pmol CO, m 77 8 - Leaf # Root Z£ Stem M Leaf H2 Root 2£ Stem
P AR 55.0 25 1.01 1 25 0.3 0.2 0.5
A TR AR 55.0 25 1 1 25 0.3 0.2 0.5
Y H 2 i 40.0 25 1 1 25 0.3 0.2 0.5
T H SR bR 30.0 12.5 2 1 50 0.3 0.4 0.3
T T I A 30.0 25 1 1 50 0.3 0.2 0.5
b7 5 Gkt bk 25.0 12.5 2.5 1 100 0.3 0.4 0.3
B JUR AN 30.0 25 1 1 100 0.3 0.2 0.5
WA 27.5 12.5 1.5 1 5 0.45 0.4 0.15
g A 27.5 25 1 1 5 0.45 0.35 0.2
C, 5 15.0 20 1.25 1 999 0.45 0.55 0
Cy 5 25.0 20 1.5 1 999 0.45 0.55 0

1.2 HdERE

BRHY T 7 1) 25 L4 ABAR LG DEM (S8 Mg H3EEZ (2SR HER 5 — 4 0.085 ) . DEM 4
PR SRTM £5cdi ; 445 o [ 1:400 J5 A9 50 A4 SR 0k 1L U2, e L o0 b A - 31 TBIS ABEARY (A i 2 A
Wt 1:100 J7 S8R A E R IR R B N S 42 R R kL R R AR kL Y
U] 5 A3 1955—2006 4F- 650 /> HH I BRGSO RMA SR B8 P (0l S A il 1), 3%
HBIBEK SR AR | H BRI R K A R4 A0 AL ANUSPLIN'' K sl i B8 76 (8 A i, O 5
DEM 8l , 382 i 25 [a] o0 s A b — 3, ARG A b B sl CO, I R B SR FH 95 [ ) R v AR S A%
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Fig.1 Meteorological station map of China and the geographical
delineation of climate zones in China
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N DX, 4 AU T IR X, 5« R IR X, 6.« R A TR IXC
7 PRI DX, 8 R I, 9 FEIR A E X, 10 5 IR
W11 = JF % W CZ1: Marginal Tropical; CZ2: Southern
Subtropical; CZ3: Middle Subtropical; CZ4. Northern Subtropical;
CZ5: Wet-Warm Temperate; CZ6: Dry-Warm Temperate; CZ7: Wet-
Middle Temperate; CZ8: Dry-Middle Temperate; CZ9:. Cold
Temperate; CZ10: Plateau Temperate; CZ11: Plateau Frigid

SR MR 22 K, X I AR S S BB R 2 A BRI 22501, TSR T AR 72 1K B 22 5% 55— D Il
ATHER 2 v 5 A B9 ROBE DT E ) AT, AnigIE 02 3t S59EAE 03 il , AT TA LI (A 45 30 0.3 Y 22 B, 7 X 1o T84
PULERIENZ ISl GO T [F)— A% L IBIS FH OGS R 5T 2 W AR 7 g /K P55 i 14 S0 D PE 4
G DALy B A 5 R S A P S i A KSR (RS FEE B RS B B AR 56 S X AR K PSR AR A4,

LU A B
®2 BEEHANEHM GPP E(ETFEHRE® )5 IBIS #AEN GPP &
Table 2 Simulated and observed GPP for selected China-FLUX stations
i R AR S/ () 2/ (°) GPP/ ARy IBIS GPP/
Sites Code Vegetation types Latitude Longitude (kg C/m?/a) Year (kg C/m*/a)
K CBS T TR S Ak 42.40 128.47 1.53 2003 0.81
1.50 2004 0.81
1.33 2005 0.81
T-HHoH QYZ ST R kT bk 26.73 115.05 1.61 2003 1.24
1.87 2004 1.40
1.66 2005 1.32
AL DHS B B 2k Ak 23.17 112.53 1.53 2003 2.15
1.51 2004 2.01
1.40 2005 1.91
PR AN XSBN P AR 21.95 101.20 1.93 2003 2.26
7 DX Ak = FE LA 30.85 91.08 0.19 2004 0.34
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i i R Sl A2 FE/ (°) ZE/ (°) GPP/ Ay IBIS GPP/
Sites Code Vegetation types Latitude Longitude (kg C/m?/a) Year (kg C/m?/a)
0.14 2005 0.34
3t 01 HBO1 ot HE 4 R A THE DA i) 37.67 101.33 0.45 2003 0.11
0.50 2004 0.11
0.53 2005 0.11
ik 02 HB02 R R ) 37.62 101.30 0.70 2003 0.62
i34k 03 HB03 IR AL 37.60 101.32 0.43 2003 0.50
0.40 2004 0.45
0.43 2005 0.48
REa NMG TR SRR 44.50 117.17 0.31 2004 0.42
0.04 2005 0.33

2.1.2 TR R SCHERA AT 25 SR 1T He

P 3 HIRET IBIS ARAUARUL ) 4 [ i dth A 285 22 Gk 1 FIA it it (1980—2006 4P SF-341H ) K5 HAm A 57 45
R HEE, TR S NPP SRS VEST ] Feng 52 AYZE SRR AT M 1 Ab TIFFE 45 SR B0YE Bl o
AR SRR T RS R A B R G A 77 ) (NEP) SR i 3 TR %R Cao 85 V0V 145
AT T NPP AOREDZE SR M e 45 35 tHAR 225 00 T I VA % R Bl 36 A O, 3 ol A R TR A 1Y
Bt A= 28 R G B — A2 07 WA AR AL BB i i . ASBIFE Hh 25 1 T e AR 2 T R A B o LR IR 7
it NPP B2, S 5 IR 9T 45 SR A L2 Ik — 2

&3 IBIS HEVERIR b E ffiith 4 25 R G NPP, 42 & NEP(1980—2006 £ F1) R 5 EMHRERMLLE
Table 3 Comparison of carbon budget results of IBIS (mean value of 1980—2006) and other researches

IR S NPP 4/ (GtC/a) AP EE/ (GC) NEP 242/ (GiC/a)
Results Total NPP Total biomass Total NEP
IBIS 2.46 18.05 0.11
Xiao, et al., 19982 3.65 — —
IhER4E 200117 2.65 — —
At g4 2001127 1.80 — —

Wi 455, 2003128 3.09 — —
255114200302 — 13.33 —
Cao, et al., 2003al%! — — 0.07
Cao, et al., 2003b1?!] 3.09 — 0.07
HHAE 2006132 — 14.04 —
Feng, et al., 2007%! 2.235 — —
F3%: 200813 2.94 13.74 0.10

2.2 EFEAEZS RS NPP Al NEP B 23 28 (L HRAE
221 WEEHAZS RS NPP Al NEP 25 [H)4% )5

2 AT LA H | IBIS A RUAR L Y 4 [ il b A2 25 2R 48 NPP M 1980 4F 2 2006 4F NPP [ 45448 19 43 1
¥ Jar, M AT DL S, PEbHL Xy NPP A IRAE X, 3X — b X 32 B2 P J50FN 552 15 49 A5 X, NPP {5 7E 50 ¢C/
m?/a AR ; T J5E , 5 -+ 0 S M PN 52l i3 SR 250 X, NPP {29057 T 50—200 gC/m*/a X [8] 3 RIL A K%
GRS LT ZEWS YT b3 K 7 s LR i X, NPP [ 2005 T 200—450 gC/m?/a XA b5 KLl
K VG RS A3 Hu X NPP 7E 450—700 gC/m?*/a B IX ] I 5 7R e i1 XK PG e P LR 4909 s [X K 43 L X NPP B AE
700—1000 gC/m>/a FYIX[A] b, 5B HLIXAE 1000 gC/m?/a LA b, H 3255 5 R AE T3 SEHh XK S AR08, 22 0
FAHE /AT B LR AR
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K3 s 7RI 1980 4F 2 2006 4F NEP 45 F-I(E R4 A fE AL, NI T AT LLE B PG X N 52
AU H X AR S A0 b X T e D Y i S B 55 BRI, 208 0—30gC/m?*/a, T . N 52 1 2R
AU At J s IX VU RE KR X R BN 55 FURRTL X, 294 0—30gC/m*/a, ZRAL K24 ZE s /N2 K
L X 2R i 3 DX % PG R 3040 1 X 80 R Ao O L NEP {8 30—55 gC/m’/a, /D¥ )5 A 55—100 gC/
m’/a, B HhnHE 1L KR s/ DO T AE 100 ¢C/m*/a DAL,

0 1000 2000km & . -
. o oo | | | " 65 015 2%
1 1 | K20 SN NPP/(gC~m2~a)'] =R ( ) 2
Cma)! £ GS (2015) 2344
NPP/(¢C-m*a) HHES: G5 2015 3448 ~73.0—32.0 -8.0—0 240320
0—16.0 125.0—199.0 696.0—1034.0 -32.0—24.0 0—8.0 32.0—40.0
160400 Lo 19903070 1054.0-=1528.5 -24.0—16.0 8.0—16.0 40.0—55.0
75.0—125.0 | 4650 696.0 16080 160—240 3301645
B2 IBIS REE 4 40 [ B 4 25 R 55 NPP £94) 76 ( 1980— B3 IBIS #RBVEHIAY h E Bfidth 4 25 R 5 NEP 43 75 ( 1980—2006
2006 4 % 4 F 1) BRI
Fig.2 Simulated NPP result map of China with IBIS (Mean Fig.3  Simulated NEP result map of China with IBIS ( Mean
NPP of 1980 to 2006) NEP of 1980 to 2006)

222 EGHIAZS RS NPP A NEP SR 4% )

£ 1960 4E 2 2006 41 1H] | 4= [ i A4 25 2R 48 NPP S SRS BT PR A sh (K 4) . NPP &
HARETE 2.2 GtC/a 2 2.7 GtC/a ZIH]  {H N 2.46 GtC/a, 4=[F NPP Sty F AR EE 2R 60 MtC/
10a(P<0.01) . 7E 80 4ECLLA 7 1990 4F 1993 4F 1996 4F 1998 4F K 2002 4F H 3 T JLANEE R B IR, 3% —
8 L5 AME R 252 R T CASA BEEURBELY 1982—1999 4F rfy AR B4+ 55 — 1k 2E 77 07 il 4% SR AR — 5, Hig
TE 1990 4F 1993 4F-F1 1998 4F tH BUIGEAE , b f X — &5 5 5 Y 4R f AR ¥ oK i LB AR oK B 0l A
K, 45 IR E AR A e — AR R ) AR YRR i A O ARIESR B AE RN R AE 1997 AT 1998 4R H
BT AR AT S (B, IR ST 45 % ok & AT S8 B0 42 [ NPP i K FAE T Fang %517 5
Cao ZEPV L5 2 ], Cao 257" NPP 25U {E 1 ITE 1985 4 1990 4E I 1998 4F, AR5, hERE A £
4t NPP A PRz b 55 50 SURfF o A F 0 B4 1 — 350, 3 B4Ry o [ XI5 0] iR 5 22 21 T e 2K JE o S5 A i /<
B RE A G

FE 1960 4% 2006 41 [A], 4= FE kAR S R 40 NEP B SRS IS, L FALIREE 2R 16 MiC/10a
(P<0.05) (E5), 4F NEP S22k FE7E-0.10 GiC/a & 0.25 GiC/a AYIX[A] |, #{E K 0.11GiC/a, 4
NEP St AR IR 85983500 , 1990 4F H IR S {E . NEP AEBR ] 3 stk X AT g 5 B K < 55 %
AT A G, W NPP St BYAEPREILE (& 4) KB, NEP 5 NPP (IR A 5 A (E AR A X B, NPP
AR AR ) B ) A2 A NEP (AR (b3 NPP = AR 41 3 B A8 am M B0, T NPP A (AR, 466
KBS XF N NEP (E I FRB ML TII AN, Cao %" FIFH CEVSA RIS H [E 1981—2000 4F Y NEP 4T T
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BERL BELZE R F 0] TP E4E NEP BB T-0.32 GtC/a & 0.25 GtC/a X JA] b, F-HI{E K 0.07 GtC/a,
ABFFEAEF R A BE A 4R NEP SR JEEAZ T 0.05 GiC/a % 0.24 Gt C/a fYIX[H] |, SFEH{E 4 0.12 GiC/a,
W 5T Cao 25U AOLESHE, I 20 40 90 AEAR T4 H X S8 R /K et R B D A 3, 1 i — e R TR
B BE F, M 1960 4EF] 1990 4FE NEP (£=0.03, P<0.01) 3 B B FTHE % M 1991 5] 2006 4F NEP (k
= -0.0052, P=0.11) KIH —E W TR nTHES5 M 20 22 90 AR T 2R B mEIA X, H 2SR X
NI T B K8 AR IESE

27 - 030
26 025 =
RE R _ 020 |
NS 2.5 ﬁ@g 015 L
WS 24 €5 010 |-
§ = w2 (s
e 23 4(5 = O oo
=z 2 2‘ €2 oF
: k=0.0060 P<0.01 & -005 | k=0.0016 P<0.05
2.1 1 1 1 | -0.10 1 | | L
1960 1970 1980 1990 2000 1960 1970 1980 1990 2000
A4 Year AEAY Year
BEl 4 1960—2006 £F IBIS # B 4% 10 iy oh [ B #th 4 75 R 42 £ NPP 5 1960—2006 £ IBIS A5 B4 101 iy o [ B 3t 48 75 R 4% F NEP
BETWK BETWK
Fig.4 The variation of total NPP of China from 1960—2006 Fig.5 The variation of total NEP of China from 1960—2006

2.3 T A X A E B A2 R 58 NPP AT NEP A8 fLARAE
2.3.1  PE RS RS NPP FEAS [R5 X 8 LR AR 43 B

A X AR BT AN R b FE X3 B 57K A A A R 0, 4 5 7K 43 bR %o R %) A 7 A W Sk )
SO 7RI R 11 AN X (R 1) SRR X 4 B AR S R 40 NPP I BLEAT T4, B 6 WoR T
FAEMEIX 1960 4F 3 2006 4 NPP AR BRAR ARG B S Z A YE K FFXF i ] 7 41 L NPP PSRl
FIWTHAS b 3

AR, B T BRI X (CZ05) My TR IX (CZ08) Ab, e &AM X (1) NPP 7K F-7E 3T 1
JUHAE AR L p %, I NPP 1-F- 37Kk, S R (CZ10) /) NPP 37K 5 T i R 984
(CZ11) , B HGHAIRAE X (CZ02) NPP -2 7K - i FH W s {2 X ( CZ03) , H Al #Hi R i X (€Z03) i Tt
WHHHEIE X (CZ04) . MWTIRARI K, B2 A IR 1 X ( CZ05) NPP 7K V-5 i T W 4 T 52 X ( CZ06 ) NPP
BRI Al X ( CZ07 ) 1Y NPP -1k PR K e T il 15 X (CZ08) 1) NPP P-4 7K -, 156
T KGR F R 7= F K AR, FE— 2 Y L K A i, A 7= KOS s, g ie S AMH e 2T 5T
—5, NPP 23R MK, 1991 4F 6 A M Y FEESE Pinatubo 1L & 0 S 80 ] X 35k 6 55 850 0k, 1]
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