B ¥R 208F 108 H19E H10H
Chinese Journal of Applied Ecology, Oct. 2008,19(10) : 2168-2176

NEHERTRIBFEEERFVRESTH
EEXNEIKKELT LB MR

®x K

1,3 *

ﬁ% /ﬁé 2 g ﬁlj %3 /{%[3 }% 1234

(" S E WA SRACI K2 ArBl o B A S BRATRRSERT ST AT, Tempe, AZ 85287, * th AL ¥ BT PIBI AT, LA 1000935
P ARG R BORAE A M FR B BT hLL, JEAT 1008755 ¢ SR E R P RAES BB R AT MR ERIR PO,
EFINEHF 010021)

W E AHCENTURY #BHARETHIHRTARFEERARRABRE LUK AR CO,
WERE LG THEN %449 % ™ H (annual aboveground net primary productivity, ANPP) )
AHATTEBFAR. £ RE W CENTURY R B 7 IR FH T ANPP sy R 4. # — F &
EMAIA BHKARABER NI RNBETBEARE URAR CO, REAFHLE W
ANPP, fEfE K R X B P HET. SN 2RAERA(CCM) FAMZH XK EKELRELRD,
BT 7B ANPP (K, BEAUTAEEMER THRKE ANPP 275 :1)CO, RER
BOBEAE2C BARFLEZHE 0% ~20%;2)CO, RERFLE  BEAH2C, K
A 20%. SEZCEXAREGRARRFEER L EELW.
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Net primary productivity of Leymus chinensis steppe in Xilin River basin of Inner Mongolia
and its responses to global climate change. YUAN Fei'* | HAN Xing-guo®, GE Jian-ping’, WU
Jian-guo' > (' School of Life Sciences and Global Institute of Sustainability, Arizona State Universi-
ty, Tempe AZ 85287, USA; ’Institute of Botany, Chinese Academy of Sciences, Beijing 100093,
China ; *Center for Landscape Ecology and Sustainability Science( CLESS) , Beijing Normal Universi-
ty, Beijing 100875, China; *Sino-US Center for Conservation, Energy, and Sustainability Science
(SUCCESS) , Inner Mongolia University, Hohhot 010021, China)-Chin. J. Appl. Ecol. ,2008,19
(10) ; 2168-2176.

Abstract . CENTURY model was utilized to simulate the annual aboveground net primary production
(ANPP) of Leymus chinensis steppe, a dominant community type in Xilin River basin of Inner Mon-
golia steppe region. The results showed that the model performed reasonably well in predicting the
dynamics of the ANPP. The scenario-based simulations indicated that though the variations of air
temperature and precipitation due to global climate change as well as the elevated CO, would signifi-
cantly affect the dynamics of the ANPP, precipitation was the key affecting factor. Several GCM
models -had predicted that the precipitation in this region would decrease in the future, and conse-
quently, it was likely that the ANPP would also decrease. Nevertheless, the simulation results
showed that while the ANPP decreased in most climate change scenarios, it might also increase in
the following climate change scenarios: 1) if the atmospheric CO, concentration was doubled, air
temperature was increased by 2 “C, and precipitation was kept unchanged or increased by 10%-
20% , and 2) if the atmospheric CO, concentration was kept unchanged, air temperature was in-
creased by 2 C, and precipitation was increased by 20%. Overall, it was evident that climate
change would have significant effects on the steppe in Xilin River basin of Inner Mongolia.

Key words: Leymus chinensis steppe; climate change; ANPP; CENTURY model.
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SRSt GOl XL G N B E | e =7/ S a5
BEE5SENXER, EMRESRESH SRR —
AEBEFED T AT RAGHEERRAESRE
YR (IES Y SEEYEF (IR .
MK B ECR M B X R A S RE TN E
ETESREABEESRUAIKZE RS
MYFIGINLRE, b B IR A 7= J1 (ANPP) B3R
AEAEDSREREN— N EEHES . LR
H = R RGeS A S RERAE T H
B K5 EZ TR, 1 H 0] LARAEHLLA 1 22 & fusr
il ERRE R, X AT ¥ & B AR B 3 AR Yy ek
% EANERRA SR B AEREEM.

T2 T RX &2 uk A E R K 40% , i 5#
ARz —h EEETF IR W5 ERE2K
BREFX —RKE R — 34, FEN S il R
FREEMSMBAEL S KR CO, WEAEXTE
FTRRASREREYHHMREXEE. BEXA
5% 1 45 MR SR 4 1 5 18 4 A R DA B AR
FRXARCH TR, Wu %7 23 20
50—80 EACH MM ML SEH RN LR P RY,
TKIS A T H T R R W AR =S (R A A Y
BHF, HiZ X B AR B 09 % ) 4 A AR B 2 B
MARE I P Abs b s 3. Fk K& IR IL
BT S BRI S B R R S AR Y T RE R AL ALY
IR AR AL, S5 SR R IR, BT 3K = B BRI, %
IKEZR B , TR MM ERE I, A S
BEThRERELA R b b B AR FE W VR R B 55 , 1T 5
A AR E P B 3% 3R, Fay %) 73k 2 Konza &
BEFHTT 3 FRE SRR IR ZH, ER
FRERK BRI T , o2 FE K R A 8 18] LA K
R4 ANPP J& /b2 10% . T HE20 EF5TiE
HOREASMERASRERNEDNTRIES
ERERW ESEFAE 2.7 C BAKERFHAL
FSBEE R T, AR E R (Leymus chinenses ) B
JEHUKEE S (Stipa grandis) B 5 IR & ) 1) 43 A 3 B
AR E T 15.38% . 35.83% Fl 6.68%. Morgan
HMREBR, FERKBEFE 2.6 CTHRIELR
T, XEBERERENAE S RSm.

BRI E T N TR AR RET
MBI RE AR AEAE. R R AR SRR 4y A B A
SRS KRV X R Y — PR P R
XF A B SR RS — A 7= I 2 R R LE
DUT WAL HEAT TR R, E B 2 <
B4 C FEKIEI 20% BT, B AR BB RS — A7

S A Frn B KRR TR TR
iEE /. ¥ 1 BA% " @ id CENTURY #R f R LB
FEINR, P52 T 45 AR TAT R de i R S AR 7 -
VLR B X SR 3R U, SR AR
BB E AR A P B G T R S BT A
FRE. Wang 2 | F CENTURY B RURIT T KM%
BT FREFIEERE A ERASRE™ N3
A, RIGRIRAE T N AR KR E EJE TR
FE IR K LI B L B KR CO, WK,

EAT, i1 T @ERARA L B A5l 5 e
X SARARAL B 4 R 5238 , AoF 5K Sl YR BE 1 8 7K 4
R HAREA 2B SSRGS
SRR R E B 524 T M, (UEiE GCM
R R 1 S A b S 1 F T SR 3R 1A 5% 7t T
TR BB FAE A S B R (L RN, B TR A
WRASK CO, IEFABUR BHIEEMESET
H S REIIRERIEAL. I, A SO SRR AEAR
Ted AU I B S 2 B A P 5% o 4 bk
Yo 03 B B S R AF X XS 4, B CENTURY £ 7Y
SR T 2 B AR SRR B

REALER , R TR 3 B 5 R A SR AL T KR RS
HRALE A 5K,

1 PRBRESHRTE

1.1 HRMA

SR K VA WSk v TR R SRR T L €
BHHPEBERERASREE MR R
Bk AR B HEHD (43°32°58" N,116°40'34" E). %k
HIEETF 1979 4E, /8 400 m x 600 m, B 2R (LB
Fp o E AR (NECT) #9900 KO8, LA+ E
A A 4% (CERN) WEEFREM. ZXE KR
REVERAE T RAMER, LA FZER TR, RFEKRE
4R -1.4 C ~2.0 C;1980—1999 4E 1A [a] A9
FHREKE 346 mm (B 1) HPRFERHEEH
Wy 86 R, 4rJE 28 Bl 67 &, W AN 45 Fp K,
JTRAEMZEARE B (Leymus chinenses) o L%+, H
W HKELF (Stipa grandis) 355 ( Koeleria cristata) |
PKEE (Agropyron cristatum ) B HEFMKRE. 4 A I
P ( BRURBREEO CULL)  METTHREE;S
A TFTH(EHKE=10 C), HE#HFABRRERK
B9 AT A, BEEIEAR, BARKPY 150 ~
160 d. AR + AR RS L, L EREX 1 m L
o]
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Fig.1 Annual precipitation during 1980-1999 in Baiyinxile
Livestock Farm of Inner Mongolia.

BTN 20 FHF MK E The dashed line represented average an-
nual precipitation for the 20 years.

1.2 BEEBRR

AR HIE R R T 1980—1999 £ [a] v EH 2
B A YIBE 55 BT 4R 44k A9 ST R U0 B R b, 1980—
1989 FaGAKSEZAMER(TRE) S b
¥ % 4 7 77 (annual aboveground net primary pro-
ductivity, ANPP) | fx i # F BLFE 4 ¥ & ( peak live
aboveground biomass, PLAB) 88, F THE R & ¥
MR IE ; 1990—1999 4 () ANPP 4 A TR B 5
IE BRI A R ERE A NRKEREMA Y
R BORTET 1970—1982 N B EH MBS

SRR BE R HI 1983—2000 A2 P STl B AR
BRFEENBIFTI TR, XD IR UG

WALE F{UER 1 ko, SZBHREEAARER, A
PLRIEBF T X F SR R
1.3 R
1.3.1 CENTURY # % CENTURY ( Version 4.0)
AT B E R CRIEM A BRMES RS C.
N.P A RE SRR, SRS TR R KA
—MH TSR E A BB MBRKRE A Xk
KE EREM L ZEE AR KR CO,
K. R AR A AGE B SR A = 1L
EHEaIES RS,

CENTURY #BRIFT R MR b S HmE 1,
F 2 fiR. b, DRAIN SR #1358 L3k 41158
Hife S, R E R 1 (1 R KHEKEES,0 RARE
HOKAED) s TR E T BIFK N L REBELS
¥(AT iy CENTURY #E5Y R 361 49 4R & B4R 1 818
3); 4 pH 182 WL B % BT 5T; S0 3%
B ASERYE Gilmanov 7' 48 1) KHOM A3

®1 REPMBRLEY
Tab.1 Initial input parameter of the model

AR B i B

Parameter Parameter value Description

AT S AR IR B 35 ] 2 %K Site condition and control parameter

SAND 0.60 b4 & & Sand content value

SILT 0.19 &R Silt content value

CLAY 0.21 ¥4 & & Clay content value

BULKED 1.32 0~20 cm 3EAE Bulk density for 0-20 cm
soil (g+cm™?)

oH 7.56 fllﬁz’(() ~20 cm) 1 3% pH ff pH for 0-20 cm

NLAYER 7 T EZBEE Depth of soil layer

NLAYPG 2 R X B Depth of vegetation rooting zone

DRAIN 1 F4#HEK fiE 1 Soil drainage ability

ASILT 0.11 + S Z B Soil wilting capacity

AFIFL 0.25 85K fiEF1 Soil field capacity

SNRE 38 A S ¥ External nutrient input parameter

epnfa(1) 0.2100 HiERKBRRENASARERTEARE
Intercept value of the function for atmospheric ni-
trogen fixation determined by annual precipitation

epnfa(2) 0.0027 mERXEREMASRBERTBIASE
Slope value of the function for atmospheric nitro-
gen fixation determined by annual precipitation

epnis(1) -0.8600 MERKRRENFEYERETRORE
Intercept value of the function for non-symbiotic
biological fixation determined by annual precipi-
tation

epnfs(2) 0.0660 mFEMRKEREMIFEMEARTENEE
Slope value of the function for non-symbiotic bio-
logical fixation determined by annual precipitati-
on

£2 S2BY

Tab.2 Climate parameter

H R kK i AMBMEE AXNEBRRE

Month Average month Average month  Average month

precipitation minimum maximum
(mm) temperature temperature
() ()

1 0.3774 +0. 3307 -29.2029 -13.0371

2 0.3771 £0. 2657 —25.9943 - 8. 6857

3 0. 6380 +0. 4091 -15.9629 -0.3171

4 0. 9449 £0. 7302 -5.3457 11. 2343

5 2.9449 + 1. 8637 2. 0400 19.0400

6 5.7843 £2. 6194 8. 1000 23. 6000

7 9. 9960 +5. 4483 12. 0971 25. 7000

8 7.3911 £3.4739 9. 9629 24. 1171

9 3.3674 +1. 8379 2.5971 18. 7029

10 1. 5397 +1. 4498 -5.9857 10. 2943

11 0. 6760 £ 0. 6569 - 16. 5000 -1.2686

12 0. 4080 +0. 2814 -25.3943 -10. 3886

e, ZAE SR EAE AL TR — 4 By (47.17°
N), B R KB (441 mm) B TR EH

o, B X R A A K PR A L IER VUG E
SHUUR S FER C/N RE TR B3, BE
FIAEY e B3 A = SRR B AN 2 REITTE
B8, R AEYFRBR KR AR E B ZER A 250

gC- m? . month_l;ﬁ%étﬁ%}ﬁﬁﬁg%{ﬁﬁ
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1970—2000 4E & A B3R B IH RS, MY 4
KB EEERE N ZF &SR TEHE; MY
FEAARESE R G6.3% AT ITEARFE
MREREKLRMSE.

1. 3.2 SR BURE ST B S EILERARRY
SECCh A E IR IR N E SN ERE
HRA B RLZE S 5 000 4R ff A PR BlARE R
B ULERIENLESIEITGBEKT K
1980—1989 LML S HERABIAL, BN
TR, kB2 1 TREAY. H T ANPP R A S Kith |
AYRSYHRSIHAYEZ T ES R, Hikik
FRAE Yy Hb L FR oA Y B RS R A B AR R T AL
ik,

BRI IE F 2R R I EE S R (& 2 [R] )
AEE XA R, AR RRESE A
FHEMESWIEZ RIAFER T L8 EE
5. AR P R 7 22536 4iF CENTURY A5 RU A 42 1E
SER ) BERUE 5 E TR EIR S 87;2) 1R
FZEHHR(RMSE).

RMSE = [ 3 (X g = Xp0) /]
i=1

A X AEEIUE X IR ;2 (i=1,2, 00000 ,
10) H4Efy 1980—1989.

TR ST B A B R B R AR R P Yy —
NI S, WE S BB AXTRERITT AR . 4K
AITRAE , (RS R 5 L PR M R fE ST B L
3K B B 4 B9 — BPE. Metherell %07 45 11 {f
CENTURY #2AIXf ANPP 46T, LA BURBI S8R
ETRTIFER AN AR A AE A Y B A R RN
R A7 ). AR X B SERRTE 0, A 03k
FHBURSEAE R | PHRM epnfa(1) .epnfa(2) |
epnfs(1) \epnfs(2) FIELE KA Y b b A= 7 7 [ prdx
(D) ). fENZ i R B R X, JLF- 1% A S
BRAUGE FRRANHABMNIEAYEA
. i1 F Parton 27 BFSLHIREH Shortandy £ F 18
PRSI N, B AR BR O 52° N.71° E,1 A W&
RIBE KR -24.6 C,7 AMBEEERN27.2 T, 4
KR 351 mm, Hosh 3N B S REFIE S4B 5T
DXAHIE. it , A SCHR R Parton 217 % 0 TR IT
R R A B LU AR A Y B R B AR RS TS
HISHURR A A1 #7. Parton 17 @Y, W FRFRAR R
45, W TERME Y A PR 4 D 7E 200 ~300 g €+ m ™’

« month ' A H250 g C + m >

172

- month ™',

1.3.3 HRIGIE @ X At 1990—1999 1)
B2 R 5 A1 3 A S b L) 504 | P 45 B g AR U
K. ¥ 1990—1999 FM K LB KIEBEHER
SEERAERIF E B AN B R A BBCIR
A, BITERY, F0 B S5 R T 0. B TR
1990—1999 4EEF AL i A £ W B8R , A SURTE
[} 51 ANPP {H S HIPEHT , U5 R R BB AL IE 3R 43 B
BT
1.4 HdEibsE

F] A SPSS 15. 0 %4 %} 1980—1999 4y PLAB
LHI{E 5 CENTURY #2741 HI{E . 1990—1999 4E
ANPP f S0 {8 5 CENTURY # %I fy 45 #0018 LA I
1980—1999 4E 1 | A= & 1 UL I 5 A LUE H 1T
15 4347

2 ZEREHHN

2.1 HEAISEBUBHET T

RS ERERATHHER T, XE L F 44
SR prax (1) 7R FEHE(E LR T 43 7018 6 FhAR
fh: £1% . £5% 1 £ 10% , % 45 760 45 44 i 1980—
1989 4 i) ANPP V¥ {8 5 S B AL e T LSS
RFAFTIRZESNT. BB 2 ALAF H , epnfa(1) Fil epn-
fa(2)7E 1% 1 + 5% AL F P9, ANPP BEHL{E Y
MEBEARIARK( <20% ) ,(BAE £ 10% ZB LAY, AN-
PP {H 2 >50%. epnfs (1) FEASAL +1% . — 10%
J5 , ANPP {E R 228K ( > 60% ) , oA T
FEAK(<20%). 24 epnfs (2) 1F + 1% A fLHT, AN-
PP E{RERK( >20% ) , HAh A fb %14+ T i) ANPP
RZER IR E ( <20% ). prdx (1) XFHIHELZ5 R 1K
Emgk, RETE - 5% WA LR, ANPP fH{R 2 <
5% ,HAIE LY >20% , £ 2@ it 60% . 1B prdx
(1) AT RIES R m i ok, HEURE RS,
AR B R 250 g C - m ™
1 epnfa (2 ) X BERY A 55 B B BUR, 7E = 1% 978
ARG B R S BUE AR IEFEEY s epnfs (1) 1 epnfs
(2) BB ERETE 1% ~5%.
2.2 HERIKIE

RIEDFFT X E FLAEHL 1980—1989 4 [ W il %
B, L8 BT HL Y PLAB (ANPP fiidh A &K

PLAB HyLIM{E (X) SHEBME(Y) MLZHERE
FREH:Y =0.78X +29.30(R* =0.55,n =10) (&
3), HiR 2= I #3{E RMSE =35.60 g - m ™.

- month ' epnfa(1)
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Fig.2 Sensitivity analysis of model parameters.

a) ZHEIENM 1% 1% increase in parameter values; b) BEE MBI/ 1% 1% decrease in parameter values; ¢) S {141 5% 5% increase in param-
eter values; d) BEEM L 5% 5% decrease in parameter values; ) ZE{EMENHN 10% 10% increase in parameter values; {) ZE{EM /L 10% 10%

decrease in parameter values.
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E 50} . ¥=0.78x+29.30
3 R=0.55
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Fig.3 Simulated and observed value of PLAB and ANNP in L. chinensis site (1980-1989).

ANPP gy RIE (X) SHEHUE (V) AR
FHH.Y =0.70X +65.80(R* =0.49,n = 10) ( F
3), iR &V #315 RMSE =37.80 g - m*. Hrh,
1980 4F PLAB {#L40I{H Hb WL INE /&5 3iE 90% , J5 9 AT
BERIZFFE K B/, i CENTURY 4558 %t & /K &
B BURME XUR AR 5R 5.

CENTURY HIRIES 67 MiA4l T 1980—1989 4 (a]
FEEMM FAYRBRYETHS(EH4). #IH
1980—1989 £ 4F 5—9 A MHh b4 Y& W HE
(X) SAHR B BEHMA (V) #EAT R4 B R 4347, 15 3
ZePERIAHFTE N Y =0. 76X +30.70(R*> =0.55,n =
43).

BRI E 25 R R, 253 S50 BURE 2T L
ESEE MR, A E 8T 5 1980—
1989 4FHFFTIX PLAB ,ANPP LA}t | 4= 4y 8 (H SR
WEY &

2.3 FEEIUE '

1990—1999 4E BF 55 X 2 B B b ANPP WL I &
(X)) SEHMEY) LRI FER. Y =0.71X +
81.80(R* =0.47,n =10) (B 5) , HiREF 7R RMSE
$32.00 g - m™%. BRI RMSE {85, {H 1990—
1999 4F[A] £ K A9 ANPP LiI{E A 264.10 g + m >
a”' IRZENH 10.4% , % FLUA AR KK CEN-
TURY BEEIS{5, 1% RMSE R AT LU
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Fig.4 Comparison between the observed and simulated value of
biomass for L. chinensis site (1980-1989).

—REHA{E Simulated values; - ML {& Obseved values.
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Fig.5 Simulated and observed value of ANPP in L. chinensis
site (1990-1999).

2.4 FRSBEBAIEREFHE R

BB AERRAVIREFT TEEREY
T, B BRI R 2R s IR E
LA LIRUMABE R, KR H CO, W MR W%
I EFRRAAEE R EEMER, PIE K
EH(F AR R e Mo G s s A

IPCC(2002) " HE g 1 S UM, 21t DA KA,
CO, WEMLR T REREHIG T &. IPCC FE=
WIAG RS (TAR) 48 1 , HEBOE A8 5 # & (SRES)
F 6 MEEAYTE B, B 2100 45, KR CO, ¥
FEH5 A ) 540 ~970 mg - L', T 7E Tl ALRT F1 2000
GEHI 43 B £ % 280 F1 368 mg - L', 19902100 4E
1] 2 BR - 247 4b [ S TR 5 20 142 R0 3 i AR BB
W2 ~10 1521 L e REHEKESE M, A
COERIRREE F s A AR, B 5%
~20% Z [ AR k. B, A< SCLL 1980—1999 4 3¢

MK REEE R ERE , BT R R A LR AT R AR
SR TR X E B AR ANPP 72816 1) iR EEFI
BRI RA A (TP) ;2) BA SR, B
ToP . ToPio ToPuo ToPao T Pao TP Ty P Ty Py
TuPuio TiuPio TP, H 1, T P 43 5l R R B FIFE
K, TR id A BIRA TR R, TR
AR RNR s SRR {85 3) IR B Ak A &
HAR4E,, CO, M 350 mg - m > fEHEF] 700 mg - m ™
(TPC) ;4) RfEAEE CO, 5 FREM, B
T,PC.T,P;,,C.T,P;C. TP C. T, Py, C. T, PC.T,
P;yC.TyPyoC. Ty P C. Ty Py C, HH , T P .C 435
FRRE KA CO, WREE, TR i d SRR TR
IR, TARFBFERREK REM CO, E
FHE SRR .

LA 2140 4 R T A&, 4K 3 1980—1999 4 20 4F
VE1) S B S A5 50 i P R AE VR BE 5 B K B F 4
R ERR CO, IEAR RAEZAER T, M A
40 SF T, B R & T RE, R BB
SEUAE R R G, EEXHER 20 FERERBR
4 %, IR E AR R RS R ]
b PR B R OR T REMIE RS BUE. DRk
KRR CO, IREMEABBRFEAE REFASF2 T
5], 1980—1999 4 iy 4 1R 46 R i &l 6 FF7R.
B 40 4 J5 F ¥Rt 1980—1999 F - 2
C, B 2000—2039 4 [H], & 4F i 5 2938 B 73 51 EL A
—AEEFO0.05 C,2039FE HEHBERI9994E

5ro1a B C

V | —U
1980 2000 2020 2040 2060 2080 2100 2120 2140
4 Year

B 6 Bl iR R E S A2 1

Fig.6 Change of time series in annual mean temperature used
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in the simulation experiments.

et RIS F F 1980—1999 48 20 SRR R ™4 £ R E LT
40 £EHFEFE T 2 °C The time series was generated using the 20-year
weather patterns between 1980 and 1999, and the annual mean temperature
was increased by 2 °C over 40 years through a ramp function. A: HF*,
4% 5 Current climate patten; B: S fE7A84L“ ¥ " #F “Ramp” transi-
ent climate change; C; FEXHWBEF & 2 CTRBET/KF Climare

change pattem for annual mean temperature which is increased by 2 C.
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2C.HTHREEBMERWATEN, XM HES 4
K, —HF 2139 4.

P REH (B 7) , ERBREFEAZBNER

TF(TP) ,2140 4F S E BB JF ANPP 7 107. 18 ¢

-m” - a” KR CO, IREAE HEAS2 C. B

K3 20% J5 , ANPP A 107. 18 g - m™> - a™' |
FHH110.59 g - m™* - a”'  BEHEN 3. 18% ; 7E HiAth
SR NS F R R ANPP 21K,
g K EHF R ABEEFE 4 C KD
20% ,ANPP {¥ Jy 58.35 g - m™* + a™', JE IR ik
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Fig.7 ANPP value under different climate change scenarios.
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