FEREE DB HERFRE 2004, 34 GETII): 1~14 1

ol 11 2 25 2R SERR IR R 1Y 20 R R iR B WA
i R BEAL AR

EaRs" FE#H XLk 2 EiE

(P E R B B R 2 M BERTST, dbR 100101)

WE  ERGTEERCHZ A AR TR L AOIATEE AEE RN A, T 10 4
K, WARRBIFFER. REAXRNEOTEZRANKNFIEAFENLARS T ZREAL
AAMUHSHEL, KEFRRETAEARBHRAESEARBEA LN EKE. EEILGRE
% RERN*RA L ZFEMAIEHRCRERME TN A RN AT EFERERX
B EREZNSRE oAl #4786, Wi%%%ﬁ%ﬂi%ﬁ&%%é%Aﬁ%ﬁ%ﬁf
BARBAESRELR KA ELENREIRNMERR. RBAINEEERHERE E#IT
WNRfrE BRI B REMEEATEN ANEEMNN T E. BR, AN ESHERA B — R
BERBIMEEE R, FRAERBNESREARESRR . Ao 0 305 R (L1921 5
mApnE R, TR S REABMEEAARNERRLECERNETNAESZAED
ERPNERR, EANEERINEELSAR AR AN ESRFER EN &R LN EHIE
il FEAESREEENE. & REHE-EA B S (Data-model fusion) F4F K BA K £ X
ZARERRRANT 7%, CERERA S REAMBEZE L RENEEYAER; 5 Z 0N
BEALERE LR R#TRH A, N 2 AWML E LR fo 5] RHERBELT, UL

RSB HTMNESRAREARE L. B2, BHRRICHARNRYOETNA S REAR
R fois RENEREYT E AR EELETHREASRERABMEEA N ESRARER
ik sty okt K

X 2ERSETN MMETSARARRER ZREREAN BERENES TSR
M AESRELMARTBEKRECO, £—% BELBRET ARKEHSFEHARR CO, WEE KN

2004-07-14 WH, 2004-11-01 W5 EHE

* [H K E A ER R R RMBITNE (75 G2002CB412507)F E A H T4 QAR5 ST H S 40425103) & EIRH2 R AR 605 TR
HRIAH (5 KZCX1-SW-01-01A) 3L B % B)
#* E-mail: caomk@igsnir.ac.cn
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SAEZARD. SR, AW A AEEE W,
Fifi b A2 A R AR WCR A R & 1 2 B 43 e R e 1) AR
. IO AR A A T SR A b A U B AR RS R B
R EREN TN, BEGESETHMIERELY
(Kyoto Protocol) B AN ATEBIE R AL RAE K
R EHB AR R ESEERERZE, Ik
AP EBPATEREERRE Lt & BlFHIA
IR R E ALY AR, AR
MRS RRREA T UANE —DNE R H
A, MASERAAEMERFXRETMR. 5L
80 FARSEHALIK, B4 E R EFE R A SR
WAESRRREIMEA SR T UHARREEZNITE
?ﬁijﬁz—_——.
REBEFRT KREWHR, HitxdthES
REHBWE. X 50, B E 2l R L E T
Bz AW B —S N R A S R RTE
W, IRERERFALMEERE T HHKRE
HH R E R R, 0 E B2 BB 4G 3 3t R (Global
Carbon Project)™, L& EEHF 77 3 £ (North American
Carbon Program)Fl i H F i A S R AW IEH KK
DX ZH AL BB ZE v R 3K e UF B 5 B AN I B [B] BE R
BT RIS R 8 R 3R 10 b A 7R R SR IE T
REERE, CIFERE 2R F RHAH KT
BEFIBUR T B 0t 2 Je IR 3R SE T S HEZE | AR
F AR, B TFUENIE, XL
ZERMEMERFENGENA, BHRRALKN
BRAEFAE A — AR ATIA R, Blan, 2ERRIEH
RICHTRORS . WML AL, BIERE S =R
M FEEHRE S MR SERR LI S R AR DA
KEBRGHEMETENENSG S, EARET-H
BERUABEERAMERTHARESEREREAZ
BEFT. {H 21K SeTf 90 TF R AR TR B 708 BRI 51 R | o
BUE-Z REEASRESEMBEANES . &
B RIATA AL TS A 5 B TR R R vk
Fith A S REBRIEH — 77 0 R-T X m ek
RESGEMEDSMER, 75— HZETHUF
B A MEFHERAEASTRE, BZKHBR
RAIT . AR AFEANESRAESNE W
NEERREEINEDEEES RN E Wﬁ%

HEHEMEYH BRBAER, BRAKEST
WA BERREW. REMERRSE—H, £F&
[UEEAIT AR T ARBERSERNREL/EM.
TR RO = AR R A RN R SR T
WR, EERBMAN 2 RESEAEFANESR
FHRWAME MY, UENESREBRETH AR
EHATT 2 RERBR MW, HERZ AR REL
RAAEAEAMILEINR, e oSl &
O GRRIE % 10 FNH BT EATRAHBES
AREHIEA AT S REREMWN, &SHERR
WCE EMTAMEIRTRNERRR, oz R
BEWLIN. B8 ROBENLER A AR SR A RR B 1), )3k L
Lk A B Rl BB — A S R R A B & SR Y
. A A S R SR AE ST T IR B R A
FIIA B 2.

1 ZREESRSGRRAN

—H 3 20 42 00 FRA), EXRAHIBEHANE
PR RS SIE £ B R A4 T FR & fr
BOFMED N RERKRENENHEERZ I EH
R B KR EESRABRBERAP A XERANA
RS AR A A E R R R E AT
B R ANO M A R RA BB AR TS
8] 43 A R H AR AL, (Bt B LUE R £, N
MERKINAYW REEA T WERENE. ZS
2T, FRAREMKHEERE . € &0 E
BERLRL A A 2 RSB E A 0T 58 RO B0V AR £ B
. 3 10 3K, URBOAR IR S S BEAEIGN E
e BRI BN B R A TR RBRE, A
TREIMERBIRRNE RERRMUWMMLE. Ll
TABX LRI RS ESRARFIINIR
WENMEEHRE.

11 R BV R AT R RFKF L
ARSI 5T

A S R Em B E A FZNREXN K
BRI R, JUH R ERINE RIE AR AL (0
KRR CO, FHEMEBERMERT. XEFRETERN
MAT GRS T7E. BT EORFAFRIRE, 20
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EHWES: MbASREBRENN S RSN AEE R A 3

42 90 FEARLARTIE SR N R EE LU/ AY/ME
FAFRECONE A YRR 40 3, B RN
REARFEFRERBEYEFTELKRE, BEH
RESERAERKERRET EYSHRIELRUR R
R, 20 48 90 FEAR LAJE FF 4 B K BRI IR 5 ¥ 46
i% i (Controlled Environmental Facilities, CEFs), {17
AR (OTOM B H CO, BT HRE (Free-Air
CO, Enrichment, FACE)"™%, #5RE H AR B 703
Sy RIARNBEEYHEWHHOMEBENESRY
(B D). EBRAEFRRUTA T, FMEATE B
EME S HEYCEIEM, BIRPRA L5 RFIFR
=4 f) CO &, FH AR R IX L FEXT IR
BWAGRARRN. EFRRERRNEERAMLE
I 5E e AAF B 2 R IX X e R A ok AT g,
X E F ARG EFER CO, IRE RN R
SRAREWNEM. NAXEREFEEGEE
MR ERAPESREHAEBAMSTBA T HEX
BHABRMR ML, W CO, W BT 7 % P 45 (The
Elevated CO, Network), &R SR I 5T M 4% (The
Network of Ecosystem Warming Studies , NEWS), Fl
Y- KA E AL U %2 ) 4% (The  Biosphere-At-
mosphere Stable Isotope Network, BASIN).

(@

A1

ERYRE LY

NH ERFHEAFRARRAREARAESRSL
BRABFA X IR 2 AR AL B 3 R N IR ok T 00 AR S AR T
B, KRN R T H#E, LSRR85
PR lan, KHAAERTE R CO, WREBE IR A 44 7=
EXEENRSE, e EXRTRIKERESR K
U K ERERMN A AT RA BT ERE
5t#mee N E, A A RJeaT A R D
ToE B MEREZ AR, CO, Thmxd Jo& 1R K sl Sk
FAEEU. CO, W TR s & 1E A R R HEFE
MMA—E R INES RAWRBANRE S, BEAMR
WEANEIC R 2 B L B 5 o R R 7P (0
HRMER), XEFNHREALEELBRRD
fRlS 0 AR LR B B RE. CO, WE
T el il — R A A SR A SR ARG
MR F AR AL B A R R K oI
DY E YA A RO ORI AR L LR S R R
A EAFEN RIS A K,
BHRERTEREYHRERNS, BIEYM LR
RERRAL, RaRAKEER, WRRMEEES
AGHICER, FIL R MRk s 8%
TR, S ARARRE AT B SR IR A AR U XA ) AR KR
TEHENEY LEE, Hr EEFRSERES~N

1.7

1.6
1.5

0.9

89101112123456789101112123456789101112
1996 1997 1998

B®

KGRI BE IS ] 35 B FACE(Free Air CO, Enrichment)

() BT A TIE A RRET FMAESREBRMBEIFX KR COMBETHR AL (b) KEER T N AR RIEREH CO WET
(200 x 107YFFMA S 1EAMLHF R AL, BR THEEADMGRLAEEAT LR R, A2 RGEHREE RN BRE, [ERHE
MW LT R R, A S RERE SRR
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B34k

FUR ] 5 e 3O - s HURR A3 AR 22 5 1R BE AR
R BUR BRI = T R, B R T
30 B R T (RS AR AT 8 /N T LU B AR PO,
B2, AT 5E A X000 2 B 398 e R 0 35 T
BEMARTEDEK, EERTREERSGEE
A RGBT N BRI,

1.2 MABREMAEARESNEESREAREE
AL

AR RS KRR @ B 2R AR
ELE@nHE. =%, SFEMERFE TSN AR
fE, Bt LAAET Al vl 20 A8 7S B SRR TR W 20 AT TR
R HE B ACHAN RN, 1E 10 Bk R EGE SR I
WA CE AR XA UM A N BE, ERE T E
CO, ¥ BN IR 2 B 28 AV A i E A A e 2 5 K
SREH CO, THiE. 20 e 80 FEAFHAL Ak
AN FEXTEANA T Co, BEK
WELEMED. B 1990 FFUAR A iZE R BT & 4E
BEEESNEPILSk, SEREE T 4250 MRE
FRBEER N &, KPR HEH 104MD#HATT 104
CLERIESIRE, BT K (EuroFlux, AmeriFlux.
AsiaFlux H1 ChinaFlux )14 2K (FluxNet) 5% 8l &
4.

WEMAXEENE WM ELRBRTE
SRGREER H . 5T E PRI SRR & R

HEFLHMAEE 2). XEHRERAESREEH
MR WA A [ B (3] RS b 3R Ak B R F AN /) ) R 35 R
ZREE: HEMS KRS Esm ALY, =9
FEETLUSEETN K S EEEMX, UEH
Y 1 A0V 9 ) B R A AL B S e Y, EE AR AR AL
FE SRR R R K g
BETEASESHEFM S RAXEREE, B
MY R 5+ LR % A & B A P
EERGE KRN HETHREHESBEL GRS N4
Yk ar AAE R AR A K. RABETNER
FREIE 300%LL P Rk R, [AET A0 E
SRR B NES RGBT EE KRR
T W 52 A Dy BT AU s I BX 4 4 A B
THE. KERUFEREE S RICERTRESE
BRBBRSSETESHOEDERRAZEKSR
SEBOATY | Shits B0 W BT R PR [ 3 BV STEROR KPR
B, BRMBEMSE 15 PN SAHEERNE4E
AR PR RO AR T A E R oK, A B JE A 4
MR EEAR B TR EORE R A AR — AR
T, B R O AR T AR g iR AR bR TR I A A
WY B RS AN, B — e A A I A KR
B CO,; B 52 30 K IR Bl 46 FE T B Mot & [E R
A AR, B A I S A A I R A 6
DR It 0 4 P A 7 R SRR AR IR S AR AR BR A R T R
FERET LEPR A BN 2 K

(@

~-1.5

1992 1993 1994 1995 1996 19971998 1999 2000 2001 2002

B2 (2) WEMRBARNATESRES KR CO, R HRIEEMELEICHANE, TRIE 10 FRERRLRX LS RLEHRE
FHATE BN AR A ROTE (b) BoR T A SRS 2 938 5 i kM (Harvard Forest)CO, A #il 12 BN i i
BB TT. 4k 10 AR, HIBRAES RERAGHRCE R R A 18] U L B AR (A0 R SR S AR s LI SR 4t 7 ™
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YWY MEIARRGHAEA L R RI IR B R AR 1 5

W B RPN FRARBMR BN CO,M0,
T I B 2 FOHE 1 - B 7S SR P B B T P 2R AR
ATAEMRM 0.5~3.0 Gt C » a7 (HEWHNIIGHZ
Phah P FRAR 1) KSR CO,M™.
WEAXEENENNBETHEESRYK
WE N EER b, BRI AR A AT AL R
HEHIE LM RR. REWAAS TR 844
BRUE R4, (BEhRE—FNERR 7L, K
RS AR EES RALER A HIRIER
FRIE, AREEESMERIXENE. WEREN A
WRAFAE — LE BT R i i) . o, 9 AR S R
B WSR-S R, 5 FHAGF0#  a f
Eei e BRI D 10%~30%"), X E K E X T 77 v
SEMRMEHREEER —ENRE; "WEXIEEER
JEHEBE 1E CO, 8] B3 8/, S CO, M H )2 4 itR
(drainage), FEM#E)Z- KT MM ER CO, BEW
BB T RURWPIRMEA 0 CO > £ 8B, BHESRSH
WY 8 B AR T R RS AS R R A S Y AR A
R B s H g7 kAR E N S
80%~200%". —ELiE B S B FINAES RSB R
W 1 % 4E T 3{E R 1% 500 gC » m™ « a”!, B THEY)
AN B RN A R S 45 R 23 BV M T AS RS
B RKE L, WEACBEENEAZREFE
M7 IR, RSB AT BN TR R AR B gt

1.3 BB EI A ZS RERIE I A% B
AL

ST RREESRGHERMIRNER. shEN
W—H A RBImEH O R EERRS, T 10 F
REBEEAURBELHEE PR ELEBERET
T SO PR A R AR A AR 9T B R AR 2 Rk AT
AT IR DR RS R LA BT T 30 4
FI2BREL WM, Fr DE R EE TRk
M RGIGTEAFK 15 FRBHEN S HEE RN
EERFZMWMEE. BN Tucker FAF KM
X 0] UL SEFNIE 40 Ah S TR 2 B (— A% BL Normalized
Difference Vegetation Index , NDVI, Fik2) 5y
KA TEF AR TR YLk, BT RN

M - R . AR AR A S AR EEF B
USS1 plEHE R R X H A RSB
e O 50 SR A AT BUR ([ 2%, 47 B 25 B SR T 1)
VARG RO, I 4 W ) 4 A B BT A Y
TlhEEER BREECWNHETHERSPEEQ
km F) 500 m) 04 BRI A7 K IR AR RO, 52
TS ARL B 56 AR 280 ST R I T R g i AR B AR
TR0 B e AR AR T R R, DB BRI K S i
WA rs R PIBBRE R BRI NA. ET
TE RO (0 A 4 AR RN AR P ) REAT AR R T
[ 43 A8 R 22 A5 A2 40135, S 4 SR A T 4E B i B A0
KIS LR I 5 W (7 3)Pe)

Fidh 4 SRS R A E B —HUKX
WU E IR T VR O B, BRI — kA
IR AL T KR EHEASWIERET". NDVI F&f
A A A 30 K T VR A A [ R B B R B RO
WE RIS 45 FLLE NDVI 7 20 {40 80 GE{UHE K
9%, EYAEACHATERT 6 d, H PR AKEIRET 10d LA
F5 90 454X NDVI #8K 8%, fHMA KW 2 d, H
RAEILSEIRET 4 d BLESY BT NDVI A fh ik
Prkoe i 2 A Hh X M A Y B AE I 25 20 SEA AR
0.68 Gt, HF 70%M 20% K A= 7 Bk WAL 5 K160
R4E NDVI SR E R REIG A, — S db 6k
oP e 4 R b DK AEL A A 7 0 3R m X AR AR R R A
PRI R I AR A T R R R T R A h
FEHENN 0.5%~0.8%, b4eBRAK A BF A B #3 Hh [X
eSS A B KR SR el
B Ry &H2 . LINDVIE A T ERMATER
A Wi BR AL R R B B s Jb O FEUR Y AR AR R 1 TR
Wi R et % 20 EHTHE % 0.2 Gt C» a7
JH GE v 0 A J50HE Al v 10 - s R AR AL B B B R
HEH 1.6~2.2 Gt C-a”, ZEE % 10 FEfd 10%Y,
BB B R X PR R 0.9 Gt C » ™!, {HHE
T 1199 HErZ 51 &R R B2
HRAE TV FT LA CO, B, KA CO, K
H CO, TR S 2 Z= i, 4 B3T3 I 1
b H R AR U ZE R IE A, SERR R BR HbBR VAT g
TEAET H Al A%, FEE TAS ARG 8%
e R, WEE RN B R 35 20 4 HHE g L0800

www.scichina.com



6 ERIY D MR

34 %

E3 REEREET RSN SRR AR RS 023 28 (BN i e — F B
(a) BIRBBIAE Tem o [F G HOAL BT AR 447510 (b) A 20 148 80 AE(RF) 20 4T 90 FARKE L E F R I AL 7 J1 (NPP)#E SR i {1 159)

BEREHWHTESERTIRRE EEmE
ERAMHE—TTFER, AeEAEHENEHREE
s R AR L, 5B 8 RO B AT — R A 4k
T ORI ROE A R A T R AE S R BRI AR {L.
BEAESRERBIHIVII D PN BE T RINH K&
PSR, W LK) EE AR S TES)
(miaR A HRl MR B S RO R Lt
FIHC AR KE . MR BT SEEE
th, AESRGERGTRME RS FHEMLTEZN
HiE. BWESRRAREAAFTEFTENH ST
BEHE, FEMEOLE RN R RN 54 5 T S 4
BRI, efl—JTmeED T XRAEM = 8 X &k
T T, 55— 77 T o] SR A A A = 4 S M AR AL 3K
B, AIRCK IR S XA AR, KB E AN
BT R NSRS EEFRREEE
S 6 7% B B & (Vegetation Canopy Lidar) 8] LA 8
B, mEREYERSTHRHERE 5~10 570
REWMIL, ZEFPEREBREEHE, K&,
RAM BEEZNE) T, LB TFRINES
REMNEHBREIAFEE, THENHARN D
EX KA EARRN. RS & MERENE
i, F—RDEVFEEARNBMARIDEFEET
HIEWERSAERWN T RIBRARZE. HHh, &

TREBWET RGN 7 Z 0 Hh 1 4 -
PEREAT IR AE, 12 B B3t 1 A= 25 W M am ¥ i T8
A

1.4 BT IR E Fn R AR Bl s Y A v

4 TR i b B VI HE S B AR b N M X 23 A B9
kB TXKA CO, WA FGRE R F M F0 Ll &
Tl I B AR AL ( Inverse modeling)®®). K& W57 % 1
JERBRKRS CO, WEHEETHRMAZE LA SHEE
KRB E EETEAY ALY, KR Co, IREHK
TR A Rt 2h A B ORVE T R H AR S R G R OR
N FE, KR CO, W ZE T AT AR i
P AEE A SRR TR EEF R,
T R ANV A S R R X KRB A | AL &
FIAS R, Wl 8 KSR A RIS 22 AR Ak R IX 43
T RL R E R — AN E AT BHRT KR
CO, W A B AL Z I 2 MNEFY R EIFEH, B
FER R R RIR & . 55T 3 0 W0 U 5 408 X Bl Hh ik I
FANTZ LAV RN KR EREL T, B
FRFE KA COL B B HAE KA A& 5 sh 1 AL,
TRE KT COp W B 25 [A] AR AU 4RFAE R HE i b B Y 1 DX 35
Sy A FART (R AE 1k, B R AR

KA TE N R ARS8 A T vt 25 20 24

SCIENCE IN CHINA Ser. D Earth Sciences



P I WAL, [hh AR IS R GURRE IR B 2 R A0 00 U R B R LA 7
1.5+
3, — 2R —o— X — ib#i‘&ﬂﬁiﬁ} e Pl —o— BRTTRHS
P 1o}
s Q 05k
@) &
=1} v
; B ook
=
frad ath
= 8 05k
& 2
= B
8 -1.0k
sk ®
1 i { | ] i 1l . i Il I 1 1 1 1 1 J_ 1 . ) . F I |

-3
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000

1987 198819891990 19911992 19931954 19951996 199719981999

B4 AEREMBRIT & HE X0 A2 A ST KR CO, IR A7 220 BRI 5 0 LI S FE Rl 00 KR R I AR
BB T R R A 2 B () 22 B B (o)l M- KA B TR T 3 20 S BN (RR RIRIK, TEH B e

FREGH- R ARG LR ENEY . FETLRAHTX 4
Al o B8 2% B [ v RN B M 20 AR 80 24X
7 0.2~0.4 Gtea' BEI0Z 20 L 90 A 0.7~1.4
Gtea™ (K 4), FbRRIC (R R S 1 R A Bk
HMZFNEFH BB 2.0~4.0 G- a7 Z AV, FHEAH
KA E AN R R BRI E E R A Tk
TR o 4 T X O3B B R 7 B i X B K
CO,. EEIEK—ELERIEY, HAFMTRBESR
SRR —NHBHBRE, EERK—EKH Co,™.
BT 0 M # e AR R T K E RN
(1.6~2.0 Gt » a™ ") Z3t X F B SIE407 B R i 25 ok o L
FEMEESRER - NEERLT, £5RLBREE
P52 ST X A HE IR O, 3 T Rl BRIV 7E & A B
A, B KA RERERE R 20 42 90 ERIEE
R E KRR S 57 30 2 0.8 A1 1.7 Gt «a™!, #uif
W7 3 3 X R R L ER OB B IC P AE 2 0.4 Gt a™,
B RNV L B A T B AR R I i B i .

RN 5 AN R AR LR A 4 TR AR R 3
FER R Ak BB 7%, BET AR CoR#E
THABEES U ERIUNM S SFR, BELSHES
PrER B X B KR B REHLARIC A1 B AT, XK
SHE RN EERENETILPINVEERER, U
1k g e Ak A B BRI il o B A — RN = L
Fo, RRMEMRERNE— A RESRE
TRIE PR T F2 B IR 3 4 T vk, S B84 B 4k U 10 i 3t
BRI BT 2 ARG SR M FR AR,

2 BREATRANREIEG S EERE
21 ZREREN S 25 R LA

ERaERHEEE 10 FESRS R RN
RIBTERESRABRBH B NN KEHRE, B
A 3T Rl MUV B/« BB 20 A F0 ) A8 fb Ak v e
MR VIR ER KA EME. flm, NAAR
FEREBEH TN RICER XM ZESR, M
BN ERIMET FEMHRANHTE K. T
KA 2 REED PRI AR RS
BERF L LY AR ENES RS-
RAGETHRESHEREE 220N E ERIEHNE
60%~170%2 8. HTBEWRM KB 5IE H, &5
FE Bl A 75 2R 40 8 0 e R e X SR AT R T A AL R
RS X HAR RS R B KW 4 R IF T H
P R R B il vt B R R R R AR
OO G Ry G SR M S RO E - FLE. R
18 A2 A0 A LAV & AN T 3l (40 1 3 R A 2846 n Ak
FHRA TERE)ERERY, FUFEXSB
RN AEEN . KA CO, MBS IR T P55 A
ANAFEELERBICTERT MER, B BT &H
E R KRZE R

I8 HOX BN B MR — AN E R DAE R
REBERZESMRE L4HHHITH, tZX AR R
EAERSESEMEEROYVIEFR. B2 E R
ARG, EERKEREZ R @M, A,
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B34 %

BEAMXES) AR EFREMLRE, wHHE
AT HTERRIEE R T AR EREZEMLER
M AEAPY. ESREREH N/ SR — 7 R
BT RRERSRSM . T . KCEAMAES
R, HTIRNREMSS . L8AE. EYTH
RAE B FEH W, W ERBEZE T REEML
(LLER . 43 R0 o S ) i AR Y B A B RE (I8 &
#EE . L RIERMERAEAS), NEZER L TF
ARG AL BUHESTRMAUREE . Wk
B, - LRGN ) BT, M
W ERESIRIEY MR NS RREESHK
R RREBERAYBEFAREEN, XFRREESHR
ipgol BB AR L. B R RIS I AE i
BARRAREESRANEN, AEEINARRE
TR EAER R E SRR BT RERIAR,
ZERRBRENRELEAS WAWCTE. Kb
T R ARV I 23 A2 A i A RN 2 B R IE A R RE
AR R YL TR HIAR TLAE AT R R R A 22 AL R 3 A
HL.

2.2 PR EISFEA EAE R R R

RN BRI RE E3ETH, (UKEE
TRIE 0 I A e AR FTI A [ R F I E FE BT
RRMAEERTY. 2 RERE AN AR IX LA
HERRETHE, AEXMARFTEERNRRELR
W2 RBELBR, TEREIREHELERNLEY
Wr. BASRERBEA TR PN M KB RES T
EEEEESHB T L (Up Scalling)f“g kT
T(Down Scalling) /73R, “B T W L HiE—KEE
/N RO R S R B A A S AL E AR
KRE L. BRAM SN —77 @A LD R RAES
AEBENNTRL, F—FHEEBREET S
FE RN AR 5 2 P 2 M FR AL R AN AL 41
m, EYAERFEMRRE SR CO A N
RARETESREKERE WML RS, F£R—ith
AN ARME RN EMERESEEITERINAE
SEGBBMAEE—ELU P g Em TR
J% N SR BT B 5 A FE R R RS R AR R
SEAIREZREARKR, BREAXM KR

REHEMRREE, WEE RN AREEEREMS
SHTIRE L S BN E M B IE IS M AR R
B, FERBERMNFHFRRALE 20 FESRSEE
7 15 BT B AR A AR S M ARAR S50, (B I AZ A B
R RPN E BN AT fe R At e R B i 8 E
g N,

P RS AT B B RIE AN A RS iR 2 (R 1
VIBBER R EERR, fl, EYSAEFMAEEE
AR RS ESTAESE TR ELE,
FE W Tk SR AR o 2R T S BURE AR T SRR UL
A HUR AR L - Y R SR AR R AL, WA
25 27 I A S AR A6 ZE R0 35 S L BB L AT B 5
A ERRA MR NS K& REHILIE
AEEHETHEREIEMRENERZ B, %
FRASZT AN ER IR EERE. B4R
A 25T FE AL HR A (Mechanistical or process mod-
eling) & 5& & 40 A7 Fn ik B KB A EAE F BB 807
\‘{z_m.

ARRZEHEER R E 10 EREAFIR K
RERWAEZ —. &L ESHLERL AN
I, BN EY I LA EAR L7455
A ) b BR K 2 45 T RN Bh 25 A BB A A B (Dynamic
Global Vegetation Model, DGVM)# A&, W HTHF
FREHAER R G A7) R HOE = X A
e ANZEE S HIRAL(E 5). flan, Melillo A5
FAAESTEFENE RS T 2REESREE™
JHIES 8 3 A R LS KR CO, YR BE RS 3 A A RS A%
TR, RASBEEAE B EFRRERMES
RYGEF T, Cao F1 Woodward ™V & Se484 T i 2 A0
¥k 100 FEREHAERRERIEH I URRMLK B
KRR, R A S RHEM E—HER A — A%
I, FEEE LT EREg K, BEAEPIRE
B, AEREILE N A T £ SR
Rifidb A= 7 R GU AR P ) R e B Y, Cramer 4%
ARLFH 6 A~ DGVM iUl 4 BR B A4 25 R GTRRIE R4
SRS RN, RIA FEEAEH L ET
At 8 R Bk BRI 43 S AR AL VE B 7E 0.6~3.0 F10.3~6.6
2 (8851 Cox®F Friedlingstein £ A7 HE4 £ SHL
HEHER SR RENHARBESRABRES S5E

SCIENCE IN CHINA Ser. D Earth Sciences



) 1T WA B A RGRAEE A9 2 RS I R B R AL R AR AL 9
10 14
NEPH)I NEPTHiF
S o bl
6 NEP/gC-m™?
]
E 4 ‘E ! <=60
) 9 BB 6045
=, ¥ -45~-30
g Z 23015
R g -15-0
J&X) %
= 3 | 0
-2 A " 0~13
THitE 15~30
4t ‘ 30~45
(@) i 45~60
-6 P S [ERPEE P N SN | [ L —4 fE F. >60
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 (b)

Bs NAHESESYERERAL L2 20 o [H kAR S R (VEP, IR SRR T80 1 I 18] (a) R A5 1) (20 tH
£2 90 AL 80 FAEHHZ 2) B> (b)
2B SR NEP R A AR I IR MR a); NEP FHE 23 A A ERB AL FOF B 96 R (0 2 L R A8 L M0 R, T 26 BT SR o R R
P4k h X 47 (b)

AL BIAR B A, T AL A S R G0 AE AR 22
— AN BRI AL K — A

RAERAE BB RR T X fh b 42 2 Rk
PRI A AR AR, R B A T O B e V2 b
R SR ) FE AR AR AR, X SRR ) R % S ar
£ 20 t& 90 AP HIZAT, BT LM RRE.
A 2R D0 L I A HE, BT DUR E T /N OB
MR, RERRRRE SO A AT R R H N AR 1)
EMRNAELY, MARELTRSRIFSKE
DGVM FEAR KFR A |- 2 A= 4 Hh 30 0 56 158 700 A= W 3
AL R A A, G R B
RS MR E S/ REEEARRMNE
PR, Bk, ST RREE REFERBEALIEREL
YERESRBELH—RESREH IR,

23 F—RETFRFEVEER

HAH — RS RGN R B R R E &
A AR R B TR A 2 (A RO AR HE AR AT FE 2 18] A HL
BRFENRE NN ESRERBEIA I HIER.
2 R AR AR G0 FO0L I A 3 N RN e g X AR T 4 it
THESE, BEBRRFIENEHARDAREFT IR
B EIABAESERE SARERRMEGREIEL
IR B AR E 250, RERE L —R4E
AP P F B ERG. W TSR TR T3,

AEXREBRTEERN, ©F 8 RGN HE
{11621 5E R M (Acclimation) 2 42 & R G xR IE AR 1k,
W] M (Primary reactions) ) — & FI4E &4 BT
4T A (adjustments) K H g R w R AT MAER
W MEEER. MEXRENBEERANENER, —
BERACKR R R EEERLTHE) A RISk, &2
SRR KR ER B MARNRPLEER. Kk
AT — RSB M SR T U R E A D
B A R AR 2 Y 5 R R BE R SR R 5 R 3 R AR A
FIPLEEL R,
RIEEFRRENMEZ R EER R RE
Pt T EAME A ENEIRER. BN
PERMEREEEENHEMESEAG, WRETH
ARSI A A R B POV, (B ITEEE T B
ERBE. Bhn, MRYE AT EG, R AT A
Y3 B FREERANG. K BRI FRIES XN
IO R (747, AR EURE T4, MY s RE
RSB TR EKHEEE, 1849 % 14 (whole-
plant) &5 4 (U AR 25 - L 451)) 1 2 e (an 5 D & Bk ] 52
5MAKSFIRZREE N REGEN HEL, &
I E APPSR A S T L5, T 3 EBUE g 4L A%
M RRERE. ETZERNESREEBREI LI
EEEAAREL MG THESERATHSRELEE
B, AEESIKFTRER LTI AT EIT

www.scichina.com



" FEEY DE MR

#3434

MHERT, ESRRRD LR REE TS, t
A P ASTT F AR BEIREAL A BN
Y 9 IR B K I S A5, 3 SRR (e & 7= YA
AR)VESN BB ZRT RIS RUSER RS EK
WA E R KA KB, BT X — R U AR B v
RO WAEY E KRS SRl B4 RAIRAE

BN N BB RAESREERFEERED
FAESRGEE®, THEEGRIEFPHESRSESIL
FiIbE=S ik

24 ZREHPFE-ERRBMS R Y (Data-Model Fu-
sion System)

G AESKB KR U S — R, ZR(EN
3F 2R 40 H0 R B AT R0 W s 0 R, TR — RS R

SURLTY AR 0K B T 2 ROBE K R R R U 23

N XSEHRFHAME B RIEE REMEREES
AREREFEFNTEMTIR. T4k, ETERE
R B A - AR B R A DT VE TR IR TE IR IE TR R 45 LA
KRR M- A e RN A S RE
S ) B4 A 3 BT HE” (forward) FI SLIE " (inverse) A3 45
ERIT AT S R B 4 0, <R R BT
ST AR S Tk, BITRY H BE— ROBE R A 2 4
HOHEE SO E M R NS5, W R RN
B TT RN Z RO 45 5 ok S AR Y 45 44
MBHEY Fidn, HElr E8 A 84 S PR T
FE# AT D vk B2 At iy ROBESR U ) < L AR 3 A0
Heh RN HEA, T — AR — P N Gl E

KHEDRED DEERS
WMEEFNBE RRRE
RNBFELH NEIEGER Silhal
SHRREE SETEE
ERESIEE PEIRSS
EERTE HEA

AR SR 2 () AR g 2 R O TR WL ) £ ) X 3 R 4 R
KA B AR SR E R KR N R B2 8
BHs AR R GG 158 0 R B AT AR B R ) R
AT, YR £ A0 25 A B R i R SR
F—RAESRAER K CEEN £ R BT R R I
AR B, BT Ll T8 A 2 RBE 0 $0E 34T
R 5 R GG VE. BB IR B A OGN S R v 4y P A B R
WHAER, o LY A A BR B E3RA8 & Fh s,
W CO, VA B E . NDVI. HHififesh. B3Ry
WROBCRI AR B A 7 1 S 3R R E AT AR R AE AR R
ELERERE. BE, SRS E RN s AW
TR (B RS REREE B WHE R
TSNS, KIS, I IO A TR A S R
SN,

3 e

e 10 4E DLARRORM PRSI, I EEAR G 5
5 9 AR A 1R I TR R T R A R R 3 3
TERE. KA AR T Z Z0F 45 1 B 1
AT E T KR ORI, AR
B FE AN 20 SR I I A (B R AR e i B VT R
AR AL AV IO R, T L A T B AR A Y L
7 10 77 3R FTHCHE 0 R P TR . O R R R
WP B R SA RE b4 AT, BHA R 77
VER/E R AR BE (X SR 45 81 T X B M BRI &

HEHIVHE AR IR AFRAEE—1TRTNE
RERG, MNREEHEASIENEDDSERNE X
BEREWN o
% ENRS o
R BisEsL B =
G s
i 5 O

7 =
=) m =
Al g O
= p T
& e B 5
S RGN ®
e

Bo6 R ASREMMEIAN L RN . 25 RN T S-SR & R

SCIENCE IN CHINA Ser. D Earth Sciences



B

WHES: MMAESREREI N2 RIS R B 11

REESER. RERRNYFEARIEN, R
REESEAHKBEMCEBRZN. EEME-R
B _EBT R A BEHER A R MBI AT I S R AL,

WM B RERERE DHTHN. 2RE
WA N AR RES AR TAFHRYE T &
&, ERBEXMINRFENAERE I EEX
LR\ EBEIRR. ETERESIERERN
BEMEBREASNNRERITEMIA. BAEK
EFPEBEERE T /AN R BB AR R I
HEENHE RN, BFEAEBHMENESER
KRR R GHaFNE R X PRI A B AL I B 5 W Y
MEN. FHik, @ERES RESEALERXBRRE
FHESFHERELH —RES RGN EHEL.
ZUETFHERIEBBEARAREESRAIES
WAHBEAE A AR A S R NME A Y A IR 20 R
VA% B 5 S E R A AL A I WL AN AR S R3S
RGEENS. BRRBRHFNAESRAERIERE
BAH —UES RGN E I A FEA,.

R % R KERBEWEGEZ o —RAES
FOENFERBFOEELE. sk,
2 REHE- BB EINEERERBRBATRATE
LURBAMNA, ERENH L RENMEE N E
SRGERENEUMSE, EFARREEHZHR
MBI MR DL Y H 30 75 090 £ 2
METRRUEAT AL KA, M IS & B S TR
AT RAHBIEZALL.

B2, MMESRERBEAHANRE AET
WRMEBREARRELFRATEMELEMAR
Hxtm AR 8 LmEfERE 6). 2R
BE A A B A I LA % LA o Bk 0 5 ROBEHLEE 7
AP E AR R LI — BAr ML ETR.

sz F X ®

1 Schimel D S, House J I, Hibbard K A, et al. Recent patterns and
mechanisms of carbon exchange by terrestrial ecosystems. Nature,
2001, 414: 169~172

2 IGBP Terrestrial Carbon Working Group. The terrestrial carbon
cycle: implications for the Kyoto Protocol. Science, 1998, 280:
1393~1394

3 Canadell J G, Dickson R, Hibbard K, et al.Global Carbon Project

(2003) Science framework and Implementation. Earth System

21

Science Partnership (IGBP, IHDP, WCRP, DIVERSITAS) Réport
No. 1, Canberra

Wofsy S, Harriss R. The North American Carbon Program, U.S.
Carbon Cycle Science Steering Group, 2002

Tood T L, Schneider S H. Ecology and climate: research strategies
and implications. Science, 1995, 269: 334~340

Canadell J G., Mooney H A, Baldocchi D D, et al. Carbon me-
tabolism of the terrestrial biosphere: a multi-technique approach
for improved understanding. Ecosystems, 2000, 3: 115~130
Rastetter E B, Aber J D, Peters D P C, et al. Using Mechanistic
Models to Scale Ecological Processes across Space and Time.
BioScience, 2003, 53: 68~76

Lawton J H. Ecological experiments with model systems. Sci-
ence, 1995, 269: 328~331

Houghton R A. Tropical deforestation and atmospheric carbon di-
oxide. Climate Change, 1991, 19: 99~118

Dai A, Fung I Y. Can climate variability contribute to the "miss-
ing" CO; sink? Glob Biogeochem Cycles, 1993, 7: 599~609

Smith T M, Shugart H H. The transient response of terrestrial
carbon storage to a perturbed climate. Nature, 1993, 361: 523~526
Hendrey G R, Ellsworth D S, Lewin K F, et al. A free-air enrich-
ment system for exposing tall forest vegetation to elevated at-
mospheric CO,. Global Change Biology, 1999, 5: 293~310

Yakir D, Sternberg L, das L. The use of stable isotope to study
ecosystem gas exchange. Oecologia, 2000, 123: 297~311

Luo Y. Transient ecosystem responses to free-air CO, enrichment:
Experimental evidence and methods of analysis. New Phytologist,
2001,152: 3~8

Norby R J, Luo Y. Evaluating ecosystem responses to rising at-
mospheric CO» and global warming in a multi-factor world. New
Phytologist, 2004, 162: 281~395

Wolfe D W, Gifford R M, Hilbert D, et al. Integration of photo-
synthetic acclimation to CO; at the whole-plant level. Global
Change Biology, 1998, 4: 879~893

Rogers H, Humphries S W. A mechanistic evaluation of the
photosynthetic acclimation at elevated CO,. Global Change
Biology, 2000, 6: 1005~1011

Schlesinger W H, Lichter J. Limited carbon storage in soil and
litter of experimental forest plots under increased atmospheric
CO;. Nature, 2001, 411: 466~469

Norby R J, Hanson P J, O’Neill E G, et al. Net primary productiv-
ity of a COy-enriched deciduous forest and the implications for
carbon storage. Ecological Applications, 2002, 12: 1261~1266
Oren R R, Ellsworth D S, Johnsen K H, et al. Soil fertility limits
carbon sequestration by forest ecosystems in a COs-enriched at-
mosphere. Nature, 2001, 411: 469~472

Pritchard S G, Rogers H H, Prior § A, et al. Elevated CO; and
plant structure: a review., Global Change Biology, 1999, 5:
807~837

Wedin D A, Tilman D. Influence of nitrogen loading and species

www.scichina.com



12

FERYE DB IR

34 %

23

25

28

29

30

31

32

33

34

35

36

37

38

39

composition on the carbon balance of grasslands. Science, 1996,
274: 1720~1723

Nadelhoffer K J, Emmett B A, Gundersen P, et al. Nitrogen depo-
sition makes a minor contribution to carbon sequestration in tem-
perate forests. Nature, 1999, 398: 145~148

Rustad L E, Campbell J L, Marion G M, et al. A meta-analysis of
the response of soil respiration, net nitrogen mineralization, and
aboveground plant growth to experimental ecosystem warming.
Oecologia, 2001, 126: 543~562

Melillo J M, Steudler P A, Aber J D, et al. Soil Warming and Car-
bon-Cycle Feedbacks to the Climate System. Science, 2002, 298:
2173~2176

Giardina C P, Ryan M G. Evidence that decomposition rates of
organic carbon in mineral soil do not vary with temperature. Na-
ture, 2000, 404: 858~861

Luo Y, Wan S, Hui D, et al. Acclimation of soil respiration to
warming in a tall grass prairie. Nature, 2001, 413: 622~625
Oechel W C, Vourlitis G L, Hastings S J, et al. Acclimation of
ecosystem CO; exchange in the Alaskan Arctic in response to de-
cadal climate warming. Nature, 2000, 406: 978~981

Baldocchi D D. Assessing the eddy covariance technique for
evaluating carbon dioxide exchange rates of ecosystems: past,
present and future. Global Change Biology, 2003, 9: 479~492
Wofsy S C, Goulden M L, Munger J W, et al. Net exchange of
CO> in a mid-latitude forest. Science, 1993, 260: 1314~1317
Berbigier P, Bonnefond J M, Mellmann P. CO; and water vapour
fluxes for 2 years above Euroflux forest site. Agricultural and
Forest Meteorology, 2001, 108: 183~197

Barford C C, Wofsy S C, Goulden M L, et al. Factors controlling
Jong- and short-term sequestration of atmospheric CO, in a
mid-latitude forest. Science, 2001, 294: 1688~1691

Law B E, Falge E, Gu L, et al. Environmental controls over car-
bon dioxide and water vapor exchange of terrestrial vegetation.
Agricultural and Forest Meteorology, 2002, 113: 97~120

Chen J Q, Kyaw T P, Ustin S L, et al. Net ecosystem exchanges of
carbon, water, and energy in young and old-growth Douglas-Fir
forests. Ecosystems, 2004, 7:534~544

Anthoni P M, Law B E, Unsworth M H. Carbon and water vapor
exchange of an open-canopied ponderosa pine ecosystem. Agri-
cultural and Forest Meteorology, 1999, 95: 151~168

Keeling R F, Piper S C, Heimann M. Global and hemispheric CO,
sinks deduced from changes in atmospheric O, concentration.
Nature, 1996, 381: 218~221

Myneni R B, Keeling C D, Tucker C J, et al. Increased plant
growth in the northern high latitudes from 1981 to 1991. Nature,
1997, 386: 698~702

Ciais P, Tans P P, Trolier M. A large northern-hemisphere terres-
trial CO, sink indicated by the 13C/12C ratio of atmospheric CO,.
Science, 1995, 269: 1098~1102

Valentini R, Matteucci G, Dolman A ], et al. Respiration as the

40

41

43

44

45

46

47

48

49

50

51

52

53

54

55

56

main determinant of carbon balance in European forests. Nature,
2000, 404: 861~864

Grace J, Lloyd J, Mcintyre I, et al. Carbon dioxide uptake by an
undisturbed rain forest in South-West
1992~1993. Science, 1995, 270: 778~780

Malhi Y, Nobre A D, Grace J, et al. Carbon dioxide transfer over a

tropical Amazonia

central Amazonian rain forest. Journal of Geophysical Research
1998, 103: 31593~31612

Carswell F E, Costa A L, Palheta M, et al. Seasonality in CO; and
H,O flux at an eastern Amazonian rain forest. ] Geophys Res,
2002, 107: doi: 10.1029/2000I1D000284

Grace J, Mahli Y. Carbon dioxide goes with flow. Nature, 2002,
416: 594~595

Saleska S R, Miller S D, Matross D M, et al. Carbon in Amazon
Forests: Unexpected Seasonal Fluxes and Disturbance-Induced
Losses. Science, 2003, 302: 1554~1557

Wilson K B, Goldstein A H, Falge E, et al. Energy balance closure
at FLUXNET sites. Agricultural and Forest Meteorology, 2002,
113:223~243

Saigusa N, Yamamoto S, Murayama S, et al. Gross primary pro-
duction and net ecosystem exchange of a cool-temperate decidu-
ous forest estimated by the eddy covariance method. Agricultural
and forestry, 2003, 112: 203~215

Tucker C I, Townshend J R G, Goff T E. African land-cover clas-
sification using satellite data. Science, 1985, 227: 369~375
Schimel D S. Terrestrial biogeochemical cycle: global estimates
with remote sensing. Remote Sens Environ, 1995,51: 49~56

Field C B, Randerson I T, Malmstrom C M. Global net primary
production: combining ecology and remote sensing. Remote Sens
Environ, 1995, 51: 74~88

Houghton R A. The worldwide extent of land-use change. Bio-
Science, 1994, 44: 305~313

Hansen M C, DeFries R S, Townshend J RG, et al. Global land
cover classification at 1km spatial resolution using a classification
tree approach. International Journal of Remote Sensing, 2000, 21:
1331~1364

DeFries R S, Bounoua L, Collatz G J.
the landscape and surface climate in the next fifty years. Global
Change Biology, 2002, 8: 438~458

Potter C S, Randerson J T, Field C B, et al. Terrestrial ecosystem

Human modification of

production: a process model based on global satellite and surface
data. Global Biogeochemical Cycles, 1993, 7: 811~841

Ruimy A, Saugier B, Dedieu G. Methodology for the estimation of
net primary production from remotely sensed data. J Geophys Res,
1994, 99: 5263~5283

Prince S D, Goward S N. Global primary production: a remote
sensing approach. Journal of Biogeography, 1995, 22: 815~835
Potter C S, Klooster S A, Brook V. Interannual variability in ter-
restrial net primary production: exploration of triends and controls

on regional to global scales. Ecosystems, 1999, 2: 36~48

SCIENCE IN CHINA Ser. D Earth Sciences



BT

WRZES: M AESRLRIEE B Z ORI I FI B R A B R 13

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

73

Nemani R R, Keeling C D, Hashimoto H, et al. Climate-driven
increases in global terrestrial net primary production from 1982 to
1999. Science, 2003, 300: 1560~1563

Cao M K, Prince S D, Small J, et al. Satellite remotely sensed in-
terannual variability in terrestrial net primary productivity from
1980 to 2000. Ecosystems, 2004, 7: 233~242

Cao M K, Prince S D, Li K, et al. Response of terrestrial carbon uptake
to climate interannual variability in China. Global Change Biology,
2003, 9: 536~546.

Tucker C I, Slayback D A, Prinzon J E, et al. Higher notthern
latitude normalized difference vegetation index and growing,sea-
son trends from 1982 to 1999. International Journal of Biometeo-
rology, 2001, 45: 184~190

Myneni R B, Dong J, Tucker C J, et al. A large carbon sink in the
woody biomass of Northern forests. Proceedings of the National
Academy of Sciences(USA), 2001, 98: 14784~14789

Braswell B H, Schimel D S, Linder E, et al. The response of

global terrestrial ecosystems to interannual temperature variability.

Science, 1997, 278, 870~872

Lucht W, Prentice 1 C, Myneni R B. Climatic control of the high
latitude vegetation greening trend and Pinatubo effect. Science,
2002, 296: 1687~1689

Houghton R A. Revised estimates of the annual net flux of carbon
to the atmosphere from changes in land use and land management
1850-2000. Tellus B, 2003, 55:378~390

Achard F, Eva H D, Stibig H P, et al. Determination of deforesta-

tion rates of the world's humid tropical forests. Science, 2002, 297:

999~1002

DeFries R S, Houghton R A, Hansen M, et al. Carbon emissions
from tropical deforestation and regrowth based on satellite obser-
vations for the 1980s and 1990s. Proceedings of the National
Academy of Sciences (USA), 2002, 99: 14256~14261

Houghton R A. Why are the estimates of the terrestrial carbon
balance so different? Global Change Biology, 2003, 9: 500~509
Bousquet P, Peylin P, Ciais P, et al. Regional changes of CO,
fluxes over land and oceans since 1980. Science, 2000, 290:
1342~1346

Gurney K R, Law R M, Denning A S, et al. Towards robust re-
gional estimates of CO, sources and sinks using atmospheric
transport models. Nature, 2002, 415: 626~630

Dubayah R, Drake J. Lidar Remote Sensing for Forestry. Journal
of Forestry 2000, 98: 44~46

Francey R J, Tans P P, Allison C E. Changes in oceanic and terres-
trial carbon uptake since 1982. Nature, 1995, 373: 326~330
Rayner P J, Enting I G, Francey R J, et al. Reconstructing the re-
cent carbon cycle from atmospheric CO», 83C and 04N, obser-
vations. Tellus, 1999, 51B: 213~232

Heimann M. Atmospheric inversion calculations performed for
IPCC third assessment report chapter 3 (The carbon cycle and at-

mospheric CO,) (Max-Planck-Institute fiir Biogeochemie, Jena,

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

2001)

Mathi Y, Grace J. Tropical forests and atmospheric carbon dioxide.
Trends in Ecology and Evolution, 2000, 15: 332~337

Pataki D E, Ehleringer J R, Flanagan L B, et al. The application
and interpretation of keeling plots in terrestrial carbon cycle re-
search. Global Biogeochemical Cycles, 2003, 1022, doi: 10.1029/
2001GB001850

Janssens 1 A, Freibauer A, Ciais P, et al. Europe's terrestrial bio-
sphere absorbs 7 to 12% of european anthropogenic CO, emis-
sions. Science, 2003, 300: 1538~1542

Friedlingstein P, Bopp L, Ciais P, et al. Positive feedback between
future climate change and the carbon cycle. Geophys Res Lett,
2001, 28: 1543~1546

Caspersen J P, Pacala S W, Jenkins J C, et al. Contributions of
land-use history to carbon accumulation in U.S. forests. Science,
2000, 290: 1148~1151

Cao M K, Prince S D, Shugart H H. Increasing terrestrial carbon
uptake from the 1980s to the 1990s with changes in climate and
atmospheric CO;. Global Biogeochemical Cycles, 2002, 161069,
doi: 10.1029/2001GB001553

Goward S N, Prince S D. Transient effects of climate on vegeta-
tion dynamics: Satellite observations. Journal of Biogeography,
1995, 22: 549~564

Nemani R, White M, Thornton P, et al. Recent trends in hydro-
logic balance have enhanced the terrestrial carbon sink in the
United States. Geophysical Research Letters, 2002, 29: doi,
10.1029/2002GL014867

Melillo J M, McGuire A D, Kicklighter D W, et al. Global climate
change and terrestrial net primary production. Nature, 1993, 363:
234~240

Cao M K, Woodward F 1. Dynamic responses of terrestrial eco-
system carbon cycling to global climate change. Nature, 1998,
393: 249~252

DeFries R S, Field C B, Fung 1, et al. Combining satellite data and
of hu-
man-induced land cover change on carbon emissions and primary
productivity. Global Biogeochemical Cycles, 1999, 13: 803~815
Cramer W, Bondeau A, Woodward F 1, et al. Global responses of

biogeochemical models to estimate global effects

terrestrial ecosystem structure and function to CO; and climate
change: results from six dynamic global vegetation models.
Global Change Biology, 2001, 7: 357~373

Cox P M, Betts R A, Jones C D, et al. Acceleration of global
warming due to carbon cycle feedbacks in a coupled climate
model. Nature, 2000, 408: 184~187

Rastetter E B, Shaver G R. A model of multiple-element limitation
for acclimating vegetation. Ecology, 1992, 73: 1157~1174

Chapin F S. Integrated responses of plants to stress. Bioscience,
1991, 41: 29~36

Field C B, Chapin F S, Matson P A, et al. Responses of terrestrial

ecosystems to the changing atmosphere - a resource-based ap-

www.scichina.com



14

HERYE DE HIRBE

343

90

91

92

93

94

proach. Ann Review of Ecology and Systematics, 1992, 23:
201~235

Iwasa Y, Roughgarden J. Shoot/root balance of plants: optimal
growth of a system with many vegetative organs. Theoretical
Population Biology, 1984, 25: 78~105

Hilbert D W. Optimization of plant root:shoot ratios and internal
nitrogen concentrations. Annals of Botany, 1990, 66: 91~99
Bernacchi C J, Coleman J S, Bazzaz F A, et al. Biomass allocation
in old-field annual species grown in elevated CO; environments:
no evidence for optimal partitioning. Global Change Biology,
2000, 6:855~867

Curtis P S, Wang X. A meta-analysis of elevated CO; effects on
woody plant mass, form, and physiology. Oecologia, 1998, 113:
299-313 ©

Heimann M, Kaminski T. Inverse modeling approaches to infer
surface trace gas fluxes from observed atmospheric mixing ratios.

In: Bouwman A F, editor. Approaches to scaling of trace gas

95

96

97

98

fluxes in ecosystems, chapter 14, pages 275~295. Elsevier, Am-
sterdam, 1999

Luo Y, White L, Canadell J, et al. Sustainability of terrestrial car-
bon sequestration: A case study in Duke Forest with inversion ap-
proach. Global Biogeochemical Cycles, 2003, 17(1): 1021,
doi:10.1029/2002GB001923

Rayner P J, Scholze M, Knorr W, et al. Two decades of terrestrial
Carbon fluxes from a Carbon Cycle Data Assimilation System
(CCDAS), Global Biogeochemical Cycle, 2004, in press

Barrett D J, Xu H Y. Parameterisation of a large-scale terrestrial
carbon cycle model by a constrained genetic algorithm using mul-
tiple datasets of ecological observations from minimally disturbed
sites. Global Biogeochemical Cycles, 2004,1n press

White L, Luo Y. Inverse analysis for estimating carbon transfer
coefficients in Duke Forest. Applied Mathematics and Computa-
tion, 2002, 130: 101~120

SCIENCE IN CHINA Ser. D Earth Sciences



