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WHE AEERARSaXEGARNENHEABTAN L ERFLE TR LA
BIOME-BGC #HAMM T FZ AR L F BB X ERRESZEARRK I ESLHABED
ERTHEMZSE, Adth 20 MR EAHREARNBRREEEZTEARESRS
B oK B AR, B REFU, U AR COyRERLE, xHF MR GPP f2 NPP # % 1
K, BR#T Rhy FEHRAKESRAEN —DRBHHRIE, MEAHREARNEEHRE
7 GPP, NPP 71 Rh, R Z Rh 89 % 18 B3N, #OR 3 86 F A FH IR 0 xR e B9 A 7 4n 8 T
WM. AR CORE A G RN ARG, HHNEXEER EEHES T GPP, NPP f
Rh, & Rh (W E Mg ERDN, FEHAESRAE T —ANRENHIC, HMEFREE
REF RS F g, £@ETNEEN A, SOC R BmiE. &z, ExTREA
BRAHRUAREAANTEEMRRESR G WK, ETH, #NETFHBELN
MEERTHE—ERELEHETRRETETHARASRAGAELRNER K.
A AL AR WY B R0 % AR B A R WL A 2B B AE L. BRIAA B RA XA WME %,
NERFEERARE, REABRMIHALELANEABRNAEEEMEASEFHREIEA,

Kehiltin)

KR IHIK

W% B A S e B eE AR
SEEA
BIOME-BGC # #

7 e F Am F LA A X AR SR I LR R S R R BRIRL T e

BT 18] S A5 28 A & 1] 2% 51 4% (Intergovernmental
Panel on Climate Change, IPCC)%5— T AEZ%H 4 IR
S ARG, I 100 4F(1906~2005 4F) 4Bk
R\ LEFHT 0.74C, KBEARC ARG FLN X
FIHRA IR, Karl 2 AP0 T 1951~1990 4548k
ofi b SR TR HY L b2 BR R 4o il M B AR AR
TR 3 fe e IR Y 3 /%, T Easterling 25 A\ Pk
— A UE SE T AR AR B 2 AR R AE AE B W 3R X R
(asymmetric trends), BJV & I% A0 T+ &5 s Al o
ik, & BENIHEEFE R TE . kFEWHTHE
K. [RFEH, FEFAT —CYRFRE 603 M4
ui 1961~2002 AR IRNMLIN GRS AR W], AFF ) h
e B IRARARAE B i AE X AR AR A, R TR R
SRR E Y 2 152, ORI 2 1Y 56 T K UL 50

P2 ) S B TR AL O P R T R R, AR
i T e A e el T T REXTAEL ) AR S RS S
DIBE Can A= 7= 7 RBRAEFH A5 )it AN [ iy 52 . (H 20K
FR I 0 A A W o il i A 285 2R R 52 W) B L S 5 Y
TAEHR G2 08 T TR AR A,

AU AUZR S DA T B T il A A R X
Jigi T s i P 5 A 3 A I o R A A K R
LT S 7 s s Al 2 8 SRR < o Ul L v R o B
ARV 5 I A T TR A R, A ] e Y A
fiE, SR AR ST A A Ak B B 37 i U 32 b X b
PR B A R I i i R AR, el TR B A T,
JEAMILP R TR R HHRAE MK AR 37 RLAF
LW Vi S A AR G A2 2%, R A L R 1 B i 9 T I
LN | 0 A S O VB A R N N | 2

FICH5IHBA: SuH X, Li G Q. Simulating the response of the Quercus mongolica forest ecosystem carbon budget to asymmetric warming (in Chinese).
Chin Sci Bull (Chin Ver), 2012, 57: 15441552, doi: 10.1360/972012-236
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4 BE A3 A3 A b R T i 2 g i R A gl S R 2 — 1,
HET, XA R L Ml DX 3R bk AR 2 R 48 A 7 T R
G IO L o o A AR A %o B R AT 9 e VR I R ) &
A Ry B A Vs A R i U2 0AE y TARE AT TOK E AF
8. (AZ X IEJE BAFAEIEXFRIETHREI S ? i, 1
o SN T X B AE X FRME SR A R R AE S R
GERRI A Y X 7 T A ST R DLARIE. ik, A
RAEANF RIS =T, MHETIBEMAEER
SRl BIOME-BGC M LA 52 i 5 (Quercus mon-
golica Fisch. ex Ledeb.) kS Fh %) B8 15T 7% - it
MAB RGN B, R ARSI &
Ko FAE X FRE T AR S R G S I FERZ ), A DA
Je B9 ) S 50 FASE LU 5 B9 FE A

1 WESEHIX S50F5E 05 1k

1.1 BRI

AWEFEAE B R 2 B AL 5 B bR A 35 &R B8 E
ol 3 b b 50 AR 31l b X (39°48'~40°00'N,  115°24'~
115°36'E)JT Ji&. a2l DX J T Iz dlh 217 = 32 108 2 XL
S, R Zad lESRZIE AN T, A
B LA RIRUAE AR TR 3. Horhk AR AR L5
BRAR 3, AR R RS20 R . TR (Acer
pictum subsp. mono (Maxim.) Ohashi), ZHE(Betula
dahurica Pall.) . £ [l ¥l (Fraxinus chinensis subsp.
rhynchophylla (Hance) E. Murray) A1 #f # (Tilia

() A =0.0508 P,y <0.0001

AWONN=—200O0==
ocuvmouvomomovmom

" 1960 1970 1980 1990 2000 2010

(© #4%T=0.0309 Py, < 0.0001

1960 1970 1980 1990

Fn

2000 2010

B1 dtEEAERILHEK 1954~2010 FEEFHBEBEE Cnin) . EFH

mandshurica Rupr. et Maxim. )%, +3E7E 4 [F 11X
R v A A, YR I R AR L L A
L IR I A E A7 358 1) 5% ol R AR I A SO0
ORI G, FLARE LS WL 22w e e

1.2 Dy G EE

1993~2010 4=/ i AN B K B0 B30k B E R
B db B AR A A R G0 A R W 4% (39°58'N,
115°26'E, 4Kk 1150 m). K T 315 %40 X K ) <
Ak ka, R SPSS i [E] P 51 4 AT 5 ik Hh Y A 5%
PRI %X (cross-correlation function) FLEE /3 #T T 24 H K 4
B 5 Bl 09I AR R4 0 (40°24'N,  115°30'E,
TR 536.8 m)AH L B B 1 R (B >k H hep://ede.
cma.gov.cn/), 25 BN WIuEA B Ao, FEE,
FH 2 (8109 J7 A5 AR 6 P8 O AR 4 B0 Ji 4 28 K 24 b
1954~1992 R A FE KT AL

AR XS E 57 FREFERSE @43 +
0.7)°C, V¥ Hmm I NA1.2+0.7)C, F
AR H (-1.0 + 1.0)°C, 4FF& K5 M (588.9 £ 99.9)
mm. WKL HRE, R EETSE 1), H
HAR S IR RIR M TFHEE %4 0.0508°C a™!, &4
J R SR TR 2.1 A%, SR A AR X R
SRR METHE H R 0.0309°C a™!, B & T4
B Ek 42 R E(E G 31 0.013 F10.022°C ™),
J& T AR AL UK IX B, SR, 25 R 1L XK
SREAABE R sl K, A I A 1(a)).
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1.3 BIOME-BGC Fi%!

BIOME-BGC J2 W5t 4= Bk Al XA . T4 R
JEHE B AR Wy b R A 22 A0 B ) BLAE B A2 28 R G R A
RIS AR Bl J) 244 A) Forest-BGC & Jié
MR Y, REAY Y K i Iy A% ML P A 78 1 1 4 4l R
A] 2 Il Theoretical Framework of Biome-BGC (http://
www.ntsg.umt.edu/sites/ntsg.umt.edu/). #3. BIOME-
BGC 1Y {1 47) 22 2 il R R RLJ3E 22 e e 2 R SE A7 1Y
IR A2 L (HIEAS R G RE B, KEffid
Z2UEW] BIOME-BGC AR A AT LIRS AN ] X Ik gt 70 5
MAEZSRGER A7 7 | B et R i S A TR L A
P, T S A BRI, A5 AU SR A B )
TH ek g AH O T Rk T B R GV SE DN Y B R
Ji(gross primary productivity, GPP)(89%). £ R4S
-1 (ecosystem respiration, RE)(89%) M4 240
W AE itk (net ecosystem exchange, NEE)(42%)"; [d]
FEHE, ZRERY AT DL IE A AR DDA BRCIE R fili 31 AR I 7K 4K
BEREZRAT T 6 VR FAMRA &5 R 58 GPP, RE I NEE,
HHE ST AsiaFlux WLI0ECHE & —80>) 78 H
AR R A R AT R AN R S AR, R BEAR 4
7 RN AR AE A X R S R GRS, TE
JIRUBE b ABE4DL % Tl 30 2 45 SR 5 5 7 108 B2 R G 1k S
1) GPP(#}%=1.20, R?=0.93) . RE(#}%=0.98, R*=0.95)
M NEE(#%=0.73, R*=0.39)% MK, 1E4ERE |
NEE(F#=0.85, R*=0.45)9#L4 HAR, mifedt %
B LR AR X P R e RPN R [ A AR R
SR I bR XY, AR AS AT 3R R R R O 1k o
T ) A58 Jt I T) R 8 (% Bl 3 it 3 AR RRAE, 1T L34 RE AR
FUA I 1) Bl it k70 BC A S | 307285 DL Bk 220 i X BRI5E
B HEAS AL IR 1. BIOME-BGC A A2 M A8 T f 45
A POV 2 A2 O PYOR TR B AR AR S R g K R
7 50 Wi S sh A RRAE . Ak, TE TR E w0 20 R
NI NTE (87 N TPy 7 Ny 1R | SN I R £ D
R 2 A T2 9 v R bR E PR 22 B B R AR e
BIOME-BGC #El A% 15 9 2 4= 7= Ji (net primary
productivity, NPP)5 322 #i Az 25 A 9245 55 it S )
(B HR DR AR A 1 — Bk XSRS S uE B T
BIOME-BGC 5 7 FH 3% Ji JHLFI1 45 1 E 42 14 5 B
AIEEPE. WIE AN, AR C 2Tz W ] T
BT BRAR A 25 3R GURAG P 7 i A0 by sk 3h 285284k
NI TN A ) ZRARAE 75 R Go Aok K S AR
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fb. 28 TR 518 Y AR T, BT
AR 2 110 Hb DX U A 7 R AR Y O AR B
AN A T i A Gk R AT i S B W, A A
SR XA A TR S, (A Su Al Sang!" S EL 28R HI AR
F L X 52 AR MO YT Y 52 & X BIOME-BGC
IR YEAT T3 Bk, UE BB ] DIAE 2 W T
FLRAE 5 B T v i I i AR AR R g X SR AR AR Y
M ..

AWFFEME ) BIOME-BGC AN 4.2 (http://
www.ntsg.umt.edu/project/biome-bgc), WL LT RGE
17 R A PR 3 T H ARG 50 DL S B [a) 25 K i
TR, BIRIAE A S B 2H 3 Fh: BFE L)
G EHATSHMRLN T, PR H+1
F85 6 H 0 I SR (°C) o AR BE (C) . H R A
(cm). HRFEWI(C). /KAJESF B (vapor pressure
deficit, Pa)FIK B SRS (W m=) A1 H K (S)F 7 .
XH, B/ 3 ARG T BRI EE, s 4 R
SR F MR MT-CLIM A5 A8 B35 i i 1) 0800 450
P RAG TR FEHL) IR S50 A AR B AR B S80S DL 2 i
FORFFE S B R S A 3 MUE: L A
FIH, output map init.c L5 T 646 PHICSEA 1E
T, B 0T AR S PR A SR BRI S 8. AT
g Rk 8 T A R oIl S 3 2240 1 GPP, NPP,
5+ F= I (heterotrophic respiration, Rh) I NEE 5.

1.4 BRI )R

P (R ER — B BE A spin-up Bil—E &R 12
TR RILHLIX 1954~2010 4F 5 H 58000, B8R
AR ML U B 35 JF iR A . DAV S 4 ek e
KBRS B BARA R RN R RS
Bt BAHR KR CO, Ve BRSNS AR A: 45 R Gk
WS A AR .

KRTARSMENE 5, KRS H T XA
3 RegCM3 7£ IPCC-SRES 45 (i = HEUE = A2 R
Xof e ] DXl 7 R A K R A 1Y e 3 B R AR LA
2 RIOCRHESE E http://nce.cma.gov.cn/en/). 5 XTI
1 1961~1990 4EAH L, A2 15t FIb AR R IIHIX 21
205 11 (2071~2100 4F) 8 H 09 5 m <l AR
ISP Y5 S TR 52 0 0 TRk 3, T v B 22 A
REDXSFREEFETHE), FHEETLHR 3.5CHE 2).
{HL 56T 22 41 A WL DU 55 Ak 43 B 40 S 7R AR R 1L L IX S
oS WEAFAE DT I Y AE XS FRPE (B 1), ST, AR
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B 2 SRES A2 55T RegCM3 AL T HRE R LR SED L
2071~2100 45 1961~1990 - Z [ - 2200 A, 5 RIE 1

ZEAT T B A BT 45 SR RegCM3 7E SRES A2 1
SOFRBIUZER, WE T —RIMTHEN =: PR
TR 3.0 F 4.0C 2 BRI, e R AR AR R
FhE B R L300 11, 102, 1:3. [RIET 5 A/
TERA COMEMAEILGER 1), AT RegCM3 4
i) SRES A2 [E5 A& RINHIX KA ARk, &
ZfE KA FTIs >, & Z R KA AR AR K, (04
XHEA K, XK S0 sTik A B 2). Wik, 7
AW TR I 2 R MK AR AL, T SRS S
JELL 1961~1990 4F 2 M, 2071~2100 4F4: H 19X

1 FRAKEEHEREEY

B mEAIE RIERR CFHRE KRR COoMRE
a A A RAg RAg w
b +3°C +3C +3C AR EH
c +2C +4°C +3C AR E#
d +1.5C +4.5C +3%C ANAE EH#
e +4C +4C +4C AR E®
f +2.7°C +5.4°C +4°C ARAg EH#
g +2°C +6°C +4°C KA wEH
h A RAg AR RAg Fin]
i +3C +3%C +3%C NAR T
j +2°C +4°C +3C ARAg Tt
k +1.5C  +45% +3°C N T
1 +4°C +4°C +4°C RAE Tt
m +27°C  +54%C +4C g T
n +2°C +6°C +4°C SR Tt

a) A WHHRH 1961~1990 4EAHR{E; THiH: SRES A2
BT 2071~2100 4EAH B

GBI AE 1961~1990 4F (i BLaih |-, B A ISR 1
J 25t B AR AR IE A B[R] 2 T AR AR AL
X AR AR 5 BRE R, RUAR R R B il MT-
CLIM 5 #k 4 21 A J2& #4212 H] BIOME-BGC 4]
IR A S AL R 52 LY.

Spin-up i B 1 KR, CO, e B (B R T 1E 22 {E 294.8
ppmyv, ARFEE YR TV A 58 A B H 2 R B L.
1954~2010 4FHY RS CO, ¥ HE(ELIRC I DKGE I E FIR
S #X 48 (http://www .earth-policy.org/indicators/C52/).
SRES A2 1§ 51 K CO, ¥ FE{E R T Bern A M4
A reference RRASHAINIE, M 2071 411 626.2 ppmv
TH# %] 2100 4F 836.0 ppmv!*!.

AU FRARA T BT N TR AR A4 bR
AN B2 BRI I B
2 gk

L R 73 K RT3/ AR
R CO, WEEAE A A 5, SR A B 7 25 20 A
(analysis of covariance) IR ZR AN ] T+l FE X HAN
X FRERS A S R GRS A IS (R 2). TEA
FRRA CO, BT R 5T (LA a 55 %R,
SRXT R T 3°C (b))% GPP Hl NPP #RI%A 540,
Rh #1425 T 12.86%, NEE M 6.44 ¢C m™> a! F[&
$1-65.49 ¢C m™ a™', £ RGEHH S BRICAE B T
R ORI M AU AR 102 EXERR
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F2 TRAKBEFRTRERKRESREBREIEL

1% 5% GPP (gCm™2a™") NPP (gC m~2a™") Rh (gCm™2a™") NEE (gC m™2a™")
a 980.97+47.80° 607.87+30.56" 601.43+34.84° 6.44+47.01*
b 1034.81+47.80* 613.29+30.56* 678.78+34.84"¢ —65.49+47.01°¢
c 1130.16+47.80" 671.46+30.56" 719.88+34.84°de¢ —48.42+47.01**
ANHEIn CO,Y d 1179.79+47.80"¢ 701.81+30.56" 747.79+34 .84 —45.99+47.01**
e 1015.41+47.80° 591.78+30.56* 705.23+34.84°° —113.45+47.01"
f 1148.24+47.80" 670.92+30.56" 765.57+34.84° —94.64+47.01°¢
g 1226.88+47.80° 718.23+30.56° 809.24+34 84" -91.01+47.01>¢
h 1008.28+36.49" 623.72+25.93" 590.75+34.85° 32.97+38.60"
i 1214.59+36.49° 718.31£25.93" 672.16+34.85" 46.15+38.60™
j 1326.96+36.49° 786.48+25.93° 720.03+34.85%¢ 66.45+38.60
B co,” k 1400.79+36.49° 831.18+25.93% 752.94+34.85 78.24+38.60%
1 1295.02+36.49° 753.31+£25.93" 704.21+34.85"¢ 49.10+38.60™
m 1467.84+36.49° 855.67+25.93% 776.06+34.85% 79.61+38.60™
n 1574.93+36.49" 920.09+25.93" 825.65+34.85" 94.45+38.60"

a) BIE SRR KRE = 576.5 mm, 4E SR = 4.9°C, CO,= 333.25 ppmv HIHE 5 TN, P <0.05 B AR FEARIA. b)
BIE IR = 576.5 mm, 4EFH/SHR =4.9°C, CO, = 724.93 ppmv (1% 5 F M, P <0.05 B AR FFHARR

PETFER (c)f, GPP, NPP il Rh #8715, 430N
15.21%, 10.46%#1119.69%, i 0478 AL 1R EE AR Xk —
s W, SRS E WK NKIEIDIRE, NEE N
~48.42 gCm™ a™'; IR IR AR 103 JEXT
FRYETEE (d)RT, GPP, NPP fil Rh _EFHIEEE T A, 435
4 20.20%, 15.45%F1124.34%, NEE 5-45.99 gC m~2a ™",
SIRNTFRHETIED 4°C (e)%T GPP 1 NPP #4500, 4
WERE T Rh (17.26%), A= 75 F G0 M 5055 k1 AS
T SR AYERYE, NEE H-113.45 ¢C m™ a™'; Mi<i&
ERFRPE T (F F1 @)iF, GPP, NPP il Rh %5 5 & T 5,
TP 8 A O R — 2 A AR R AR S 4°C
M, EAXRGEMHIEIIREC 8 85551k,

TEFII 2 JERAR COy MRETF RN &= F (LU 1
B b SRR, R TFRIRAIRR CO RIETHR BA
IERHAE, JETHRE 3°CH 3 FiE5d, j, k) F, GPP,
NPP Il Rh #4 & e, HAAAHE 2 25 W3,
{H NEE HINZ 520, #RZ80H 3m il hhE; 4
IRTEE 4°C 1, m, n)isf, GPP, NPP A1 Rh A%} %} B (h)
A B ER R, SRR ES DY, HERER
WIS 3CHAHRN T E ST A BE RS, 5
BE[EI, NEE Fifi 5 AN X BRI e AN s i 14 K.

3 it

AR A B2 5 R, R T o AR 3l X AR 4 7
ML PR TR AR R A AR, T

1548

F R S5 e S TR TR 90 14 6 AV FH IE 8 ML RE 14 4 il
GormAE R EE. Wik, Ot AERMERAEN £ S
B A 285 2R G IS X B R AN ] P 3 A4 i) 7 o SR 4
1EZ TS FERZ KA CO, W TR 1 5 (L
a 1 5 AR, AR S e i AR AR FR T
3°C(b)ak 4°C(e), Xf GPP FIFZIAR /NG H+5.49%
F1+3.51%), 3X AT HESE LA JLAS 5 1 R IR 28 4 1 A
(1) 78 1] 5 0 A Tk %) T v 3 ek 9 1 I o 28 R 3
W SR ] LA S R m A O A VR R SR T R A
AR T S AR A A K, AR A VR I TR
BK Q) AR E SR TSSO A 1EH,
[vi] B AR 9 T v 2 N 7K 43 ZE S | 18K 4 5 Gk,
i 3 4 R AL S AR AR A AR A s s
(3) KEI IR LK TP A =TT
SN AR BRI, BRAC T L
o RS RE, MRS T AR L X —
g R R MRS T S MM AE S R &
B REK R AR R R U2, MR R TRt S
AF R 4 e R S A B 1 3R M, M G T
IR R GPP BTN, 15 NPP AR fb A, i
AR T e AR R R, Rk A g
A ES RE I RE R R m R 2). HHRKAR
S m AR EIESRETEE C, d, f, g), BRI
B4 FF v T LA 3 R AR G A VR R i R LT
BE R TSR, S50 GPP f1 NPP i 2755 (3 2).



HFIEA = WIE EE ], Rh B USRI R W
IR, H K R AR T R R Y
[v] s 3R TR K 4 78 % i S 30 8K 4y
5 2 A0 Y S SRR A O K T R 4 TR
] PR A Rh FHm iR, B, FHEXES RS
i W2 MAC %) 7 00 A e I A= I P YL S KT e v R
FR) TS % o A 1) — s R P 2 i ).

BT i R COL VR EE (h)B, AHXT T afl 5058
HHRMAES RS GPP HtmE T 2.78%, NPP #£5 T
2.61% (£ 2), X5 2 Fi AR L5 J LA — g2,
AW KA CO, WREE T A A2 A AN KW i,
Al RES Y AR BT (AE SR el . )2 W
RS A M U8 [ AR IR AR L ) S AR A 52
WRRAR, 1R ER BT KA CO, MR T AT B
PR A 5 ) 38 N, LT B 3R B R i AR
FANOL SRR, KR CO, e B T i M AR AR Bk i -1
TR EL, K 43 ZE BT 330 4 398 55 /K & il 38 m
5, ffifS Rh BEROETY, NI TSRS
WRICIIRE(ER 2). RSB CO, MR B[R] B el AR i
SRR A S R G AR I — R BRI (G 2),
XEEZHETRIEES CO, W R T i & 3
AR 5 ) 1E 22 EAE Y, e A i e R IR T v
M2 =4 T 964 Rubisco G 14k CO, ¥ 2 T i
W B E T GPP AL NPPY W (1958 HAE ik
T 2 A A A A A U AN AR RD U 9 ) RN - S R A
YRV 4 A 1S, — Ty A ek 398 0 S 4 AR 0 A HE il
TP S T Rh, 55— 4R = R R T A SRR
PR AT BRASE, TAIEYE R T GPP I NPP. 78 KX CO,
W B T B SR, R D) e I B T v XA
A VR A AR 8 5500 AN (L 4 22 7 7 1 HLIE A5 31 i — 25
sk, FHOEINLE R H RS AR R, Wik, |
TRFNKS COy e PE T i %o A 25 28 G bk WAL A TR
T SR A AR TR S R e v A IR 1 P L i B A

sk, ASRGERBERBGIGR 2). T, A
FEIN T Z 0T AT T B SR A PR A IF TR ) BE A
— R AN T AT U R AR AR S R R
A8 1 114 1E R 5 7). ik R MR A A I I S B
AR 1 F AL S8 1t p A 2, i 2 S AF 5 e
B oo R AP B R A A R PR 25 1 R 45 A

X A5 RS R, T 25 AR5 A B
ST 50 o 44 S R K MR 1 I G
JLHLR )

MR JEAHFSE T, BIOME-BGC 45 Uil #4440
AW MR AL 2R B IR R, A 1R B A A B RIS A
X FEETE RS A5 4 sh A0, B S Hp RS AR AR
AR R A 2 7 BT S M sh AP L R Y
B MO 2275 1 it 2 4 S TP R R A SR, R AR
BRI By 23 S AR FR 45 R R — & BB EPE. S35h, BR
TR, RADIE . KA 2 R AR 4
ANEBE 15 2 5 i DR ORAE PR L AR, i 5L AR
e 72 Ak PR 7 A 52 2% 19 A8 B TA] 42 5% e 2R Ao <
1735 Ak f4 A AR 2T, S S 7 DL AR P 9
HRRAE SR, SRR, E NS T B AR AR T R A
I e AR T R 0 R AR 25 2R G 5 W 1Y) S S F 5 0
A GLUTS99) i PO R 5 48 S T el A e AR A R A AR
TR BR AR 2 2R S8 i S O B AR T R — 2L,
RN DL R AR DL 1) 45 R AT XF LA . 2% b
R, RARAEXTFRVE T X RS R G m S
A A 5% A8 b P - 19 28 BAE FH G 3 PR R A 19 3
For AR, SRR AR D, A5 RA LR 7
% (coordinated approaches)®?, FHAR i 8 A= 2524 K
TERLULIN | 22 PR 725 A ) S5 30 MRS -5 Y il 5 55
TEANEGERE, A AT RIESKEMRETRT
F0 43 ) B A1 X AR e A 7 i ke LA K A i SR DT AR AR
B RGEEH 5 W DIRE RS2 HLEEL, il A B
PR AR A A 2 Al o7 i it A e 45 R S S A

it FEMFRLERRESRAA TR E R URA S KRN G A EUM S T 5w, Al—HE
. RHERAREPCRBHREIEROENULER

IPCC. Climate Change 2007, The Physical Science Basis: Summary for Policy Makers. Cambridge: Cambridge University Press, 2007. 996
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Simulating the response of the Quercus mongolica forest ecosystem
carbon budget to asymmetric warming

SU HongXin & LI GuangQi

State Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China

It has been found that nighttime minimum temperature has increased more rapidly than daytime maximum temperature at locations
around the Northern Hemisphere in recent years. It is therefore important to understand the differential responses of terrestrial
ecosystems to asymmetrical vs. symmetrical diurnal warming, and their consequent influences on ecosystem carbon cycling. We used
a well-established, process-based ecosystem model (BIOME-BGC) combined with climate change scenarios, to examine effects of
asymmetric temperature change on a Quercus mongolica forest ecosystem carbon budget in North China. Two mean temperatures
increases (3°C and 4°C) are applied to baseline daily climate data (1961-1990). The effects of three different scenarios of temperature
change are analyzed (minimum and maximum temperatures raised equally; minima increased two or three times as much as maxima),
under both current and elevated CO, concentrations. Carbon sequestration was consistently negative under temperature change and
current CO, concentration, and negative effects of temperature declined when minima were increased more than maxima.
Sequestration changed to positive under temperature change and elevated CO, concentration, and positive effects of temperature
increased when minima were increased more than maxima. Our results indicate that the potential effects of global change on Quercus
mongolica forest ecosytem productivity (GPP and NPP) may be less severe with equal day-night warming than with asymmetric
day-night warming. In this view, we suggest that estimates based only on average temperature change may to some extent overestimate
the positive feedback of warm temperate deciduous broad-leaf forest ecosystems to climate warming. However, the model simulation
results have not been confirmed by corresponding observation and experiment. Only by giving full consideration to minimum,
maximum and average temperatures and their respective ecological effects via coordinated approaches, can we more realistically
assess forest ecosystem carbon source/sink functions in the real world.

Dongling Mountain, warm temperate deciduous broad-leaved forest, climate change, BIOME-BGC model
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