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Abstract ; In this study, we used a biogeochemical model, BIOME-BGC model , that was validated to estimate GPP ( Gross
Primary Productivity) and NPP ( Net Primary Productivity) of Pinus elliottii forest in ted soil hilly region and their
responses to interannual climate variability during the period of 1993 — 2004 and climate change scenario in the future.
Results showed that the average annual total GPP and NPP were 1 941g Cm > a ™' and 695 g C m™> a™'. GPP and NPP
showed an increasing trend during the study period. The precipitation was the key factor controlling the GPP and NPP
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variations. Scenario analysis showed that double CO, would not benefit for GPP and NPP with less than 1.5% decrease.
When CO, concentration fixed, GPP responded positively to precipitation change only, temperature increase by 1.5°C while
precipitation increase and NPP responded positively to precipitation change only. When CO, concentration doubled and
climate changed, GPP and NPP responded positively to precipitation changed and GPP also responded positively to

temperature increased by 1.5°C while precipitation changed.

Key Words: climate change; GPP; NPP; Pinus elliottii forest; red soil hilly region

B — A7 51 (GPP, Gross primary productivity ) 38— & I $ A ¥ A TCHL A 7 R KA DL R Y
B&, Hrb a4 [F 5 8] Py Y R B 51 878 HL Y 5 TE A& & (respiration ) o 4455 — 4 4 7 ) (NPP, net
primary productivity) 248 N B4 BB EMYFRKHEFRER TR HEE., G —EN#N, 2EYA
AR R R TR AT EBFERGE YR E" . NPP EZ R HEBESINXRE R, RETAE
BRGEREE CO,HIRES ,NPP 5 5 R P IR R Z2 i) A (B AE R R G E 7 ) NEP) IGE T BEH £ W BT
BRR CO,MEM, BRSP COERBERN UM EEFRE, Wsfh%E NPP A BT T B 23KERIEI, 1Ak,
NPP L2 [l S RGP YR S RE R R RER, B T AR TS, B A AR E R T 6
BMY), H ki NPP S5y 5 3 & AU BARIREARE R, EWSMNEE RBAAR T EX 2
BRI X S — A= AT % . REFTRLAIRY NPP (M BFC7E 3 L H4E8 8 TG i & 8 , A B#I i
MIAMI 482" | Chikugo #5221 B T T0 2 32 B 4R3 19 NPP AR A" | B BT 2o 75 1) i st 13 BRAL 258
BIECRWAT , X LA AL R AR AT A R R M A K A2, X3 GPP il NPP A B R BRI TR

BIOME-BGC #EI R 2MRAETAREA AR E (RHAESRE  XBAERRE 2RETRR) M A
Y HETOK Bk RS B FE B R A Y R4 E] , 72 BIOME-BGC #5I , NPP 2 GPP SR
2 ,GPP RS CO, S  KFH%ES IR A M AR L KK AR A RN B ZERR—MTES
MR AR GRS (B 43 BB, A4S S5 B HR0R B HLBRUK 2 SR T B 4E BRI T il T, AR
SEi IR o B e TR AR 2 Aol (R T AE P 346 ) 1985 ~ 2004 £S5 ¥T8HE Jy BIOME-BGC B
SRS , A5 40 B B8 X H#h A AR NPP 2B 4L AL, I 4R B T R R A AL ( GCMs, general
circulation models) A [FS &AL B R T GPP F1 NPP [ , A B PR A A TIRE 23RB L F FrEiEA,
SRV AL B XA G PR % A AR B2 M LA R N AR B BLAR R 2 1K 3
1 WREHER

W AL T op R B T U A2 20 AL A Tk (RTAR TR 35 ) (115°04713"E,26°44'48"N) , IR
Z7E 100 m 724, FXRE 20 ~50 m, BB AT B AR . M 1IN LR, - R B A ABE .
DA SIRE, R R Y) . SREA BB 0 = R SRAGE , fRI8 TR 35 1985 ~2004 SE R H
B, EEFH K 1487 mm XS IR 18°C, =0C H3HHRIE 6523°C , =10°CiE 3R 6015°C , 4F H A% 1406
h 4E HIRE 2R 43% , KFHAE BARET R 4349 MI-m ™ TR 323 do TUEMBS BLAEMR > BN 1985 4R RS
BRI, EERFE D B ( Pinus massoniana Lamb. ) . J@ #ufA ( Pinus elliottii Engelm) |2 K ( Cunning-
hamia lanceolata (Lamb. ) Hook. ) ¥ F ( Liquidambar formosana Hance) \#ZE ( Castanea mollissima Blume ) ,f¥
K /L& AP (Schima superba Gardn. et Champ. ) | IIXS# ( Litsea cubeba (Lour. ) Pers. ) %, B S48 5 AR o
T BB 76% o 45 1999 SEIRE , WIAATE LA TR BN 12.2 m, 172 16.3 cm, B 1736 BR/hm’,

2 HRAE
2.1 BIOME-BGC #%Y

BIOME-BGC 4% i FOREST-BGC #2 % R ik, HALR e po LB L T30k ™", 2t 20 B4EMER

J& AU W T , BRI & #T BIOME-BGC I (A 4. 1.2) LI H A RIPERREHTHRER,
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BRI ERWSIEHE 3 3o (1) Mim s TREFEMRMP L 4K BIR . EABRE  LIEFRA
B RSH CO M AR BR AR AL B2 i e DL R 3 B A HH SUIF RO IE 95555 (2) L OV B R RR %K
B R IGE AR PR KRB REE KRS SSE; ) ESEAR RS2 412
B, C:N AR C:N HVRALR B ERHEERMOE R LM ER M RERLET R E TS5 BES,
ASCUATREPH ) SABHAE L LI AR L R A A B AR AR i A BB BE4T GPP 7 NPP (93T, RAREZHULR
1, GEH T BH K 38 N AEE BB E( 5516 NS R 0 71 1 IMEBCRE N EREMBHD) . HP L
HEE M AR(ENF) A RE BB HON M B4 M) C:N 68.3 (kg C/kgN) ; Z04R C:N 118 (kg C/kg

N) s ¥ELA C:N 179 (kg C/kg N) s EE R A RS 0. 5053 (DIM) 5 52 F-H Lt TR 12. 08 (m®/kg C) ;8%
MERSMH G RER 2. 57(DIM) , HAbASAESHOTBRIAR B # 5 HRSE
2.2 BfEAEH

RIB LIRSS B 3 X AR 2 AL B AR F RS IRMBLEL (GCMs) '™ 5 R ok S 338 4k B 175 5
BH

SESIEIEHN 1. 5C 30 3. 0C 5

SEREK B3N 10% 380> 10% ;

CO,MREAAE fEIH
1 Ei#H BIOME-BGC XA S HE
Table 1 Parameters of Pinus elliottii in BIOME-BGC model

2% Parameters BAff Unit  {H Value B Unit {& Value

Hi B ¥ Site parameters
Effective soil depth m 1.0 Clay percentage % 25
Sand percentage % 40 Site elevation m 86
Silt percentage % 35 Site shortwave albedo DIM 0.18

A 75 T2 % Ecophysiological parameters
Transfer growth period as fraction of growing prop. 0.3° Litterfall as fraction of growing season prop. 0.3
Annual leaf and fine root turnover fraction 1/a 0.26* Annual live wood turnover fraction 1/a 0.7°
Annual whole-plant mortality fraction 1/a 0.005* Leaf litter lignin proportion DIM 0.33*
Annual fire mortality fraction 1/a 0.005* Fine root labile proportion DIM 0.34°
New fine root C; new leaf C ratio 1.4° Fine root cellulose proportion DIM 0.44°
New stem C; new leaf C ratio 2.4° Fine root lignin proportion DIM 0.22°
New live wood C; new total wood C ratio 0.076 * Dead wood cellulose proportion DIM 0.7°¢
New croot C; new stem C ratio 0.31° Dead wood lignin proportion DIM 0.30°
Current growth proportion prop. 0.5¢ Canopy water interception coefficient 1/LA/d 0.05%
C+N of leaves ksC/kgN  68.3* Canopy light extinction coefficient DIM 0.5053
C+N of leaf litter kgC/kgN 130 All-sided to projected leaf area ratio DIM 2.57¢
C+N of fine roots kgC/kgN 118 ¢ Canopy average specific leaf area m?/kgC. 12.08*
C+N of live wood kgC/kgN 179 Fraction of leaf N in Rubisco DIM 0.033*
C+N of dead wood keC/kgN  710°* Maximum stomatal conductance m/s 0.0065 *
Leaf litter labile proportion DIM 0.39° Cuticular conductance m/s 6x107%°
Leaf litter cellulose proportion DIM 0.28* Boundary layer conductance m/s 0.09°
Leaf water potential ; start of Vapor pressure deficit; start of

conductance reduction Mpa -0.7° conductance reduction pa 610°
Leaf water potential ; complete Mpa gt Vapor pressure deficit; complete pa 3100

conductance reduction conductance reduction

DIM; dimensionless; LAI; leaf area index

s« BIESE IR T SCHk White ez al. , 200006 ; Data came from White ez al. , 2000['6]
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3.1 EEKE

ARG T HEYH SR AA KB ST IR 7 K 2003 ,2004 4FHE 31 8 25 S0 BB, 45 BN AR ST 9 NPP 25
#o 5 BIOME-BGC BB LER AL H I, 1985 ~ 1992 AL HUE F R T ILMME, 1993 ~2004 AFREHEBHE

ETHENE(ELD,

WrSTT B IE s AAAR LI NPP 55 BIOME-BGC 41, NPP £ A XL R B (R® =0.6391 p <0.01) (& 2),
PIZ 20a 735 NPP {HAEZ 8. 12% A5 I(E S SCMEAEZETERE D - 10.53% ~53.78% o {RHAAMARII SRR 1993 ~
2004 AFEAME 5 IIME R HTR I BUE 5 IHER AR K R BE (R =0.7603 p <0.01) (LA 3) 45
WUES EIHEAHZTERE N -11.53% ~18.84% , H 1993 ~2004 435 NPP #2{ 4 0.42% ,
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Fig. 1 Actual and simulated NPP of Pinus elliotzii forest in recent 20

years
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Fig. 2 Relation analyze between actual and simulated NPP of Pinus

elliotzii forest in recent 20 years

B4t B0 1993 ~2004 4E , {BHbAASK GPP NPP 4R E¥{E 3B H 1941 gCm 2 a ' . 695 gCm™>a™;

GPP 4E B BAP4L7E 1 777 ~2 160 g C m~* a~' |} ,NPP
AEREBAKAE 453 ~828 g C m™” a™ Z A, R BH T
SR B AR BR AR Ak, Hith 1997 4F,1999 4E.,2001 4E 1
2002 4 GPPNPP S & HXJ 4 K,2003 4 GPP.NPP &
BB GPP A ME H PIAE 2002 48, NPP K {H H B
2001 4F | GPP £/|ME H BR7E 1993 4F, NPP £ /M H 3
762003 £ (& 1 FIE 4)

1993 ~ 2004 4E B ML HK GPP.NPP R EEWE
B AR, B Ak L 2B Z@ K EE, mEs
FETERE 4a 0 R 1 ABTE, T RLR B 1993 ~ 1996 4F
1997 ~2000 4E 1 2001 ~ 2004 4E [ GPP 4F A& FH 4
R4 1826.1972.2026 g C m~> a™' NPP 4E A & V34>
R4 687.705.693 g C m™ a™", 6] JL7E 1993 ~2004 4F
GPP f NPP B & BHEHRIGKN,
3.3 iRk GPP NPP 4EBRZR4L 5B R R

TREMG 1993 ~2004 42573438 BT REK B89 7370 il
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Fig. 3 Relation analyze between actual and simulated NPP of Pinus
elliotzii forest during 1993 ~2004
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LIE S5, WES Sl BERNESEERK, B EIRE EFEE, FEE R IR, 7 1994 ~
1996 4 F1 1998 ~2000 4EH — NI B 1 T RERTH, 1993 4R F /R N 17.46°C, 7 1996 4F 15 3 P 4F B AR ME
17.39°C,1996 4F 5 1R I I , F 1998 AFik BB =ifH 18.97°C, 1993 ~ 2004 4R ¥R EH 17.94C, A&
ok E,BRERE LAESE, FBKETE 1993 ~2004 £ FEHh 1 577.6 mm, AE] 5 7] L, H K {E H 3R 2002
4 BEKE N 2 410.4 mm, B KAE BRI 58 AR Rk 8 B IKAY 2003 473, K &4 944.9 mm,

2200 — —— Pk - Rk
— Precipitation Temperature
o) 19.0 - 2500
£ 2100 |
Q)
\E/Q —
a. ) 185 - 2000 £
$ 2000 - £ £
L =}
s E g
5 g 5
g 1900 2 180 - 1500 &
= £ 3
L5 =
& Q &
S 1800 | el
= B o7s | = 1000 ¥
2 #
00 ! ! ! ! ! |
1992 1994 1996 1998 2000 2002 2004
LA Year 17.0 I ! I I ! I 500
1992 1994 1996 1998 2000 2002 2004 2006
A Year
K4 1993 ~2004 1B PR GPP 2R {L il 2R
Fig. 4 Curve of GPP change of Pinus elliotzii forest during 1993 ~ 2004 BlS5 1993 ~2004 4R B MK BAE L ih 2R E

Fig. 5 Curve of temperature and precipitation change during 1993 ~
2004
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KL B 6 FfE 7 25y GPPNPP B 5Bt B AR ok BAR S E R, #0047
729, GPP NPP 4E 75 {L R4k & 3. 3 IE M1 (GPP: R =0. 5988 p <0.05;NPP: R =0. 6746 p <0.01), {H3E
%5 GPP NPP AFFRAs (b A KBS . X IR BTIEIY BEPY , Pk B R 2 il e X @ S #k GPP NP 4[5

L EESRBEE T

2200 900 ~
Ts y=1639.5+0.1913x @ hd Tas
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Fig. 6 Relation analyze between simulated GPP of Pinus elliottii

Fig. 7 Relation analyze between simulated NPP of Pinus elliottii

forest and precipitation

forest and precipitation
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7 CO, MBI T , T GPP NPP A BN (C, TPy ) BRI A#E 1.5%

£ CO,AHIMBS BB T , Tl GPPNPP 315 B8 R K 59 2840 A IR B W L TRLEE 199 By
AR LL K 5K B PR ZE AU KA AT T GPP B3, BRI 1. 5C BRI mIERT GPP 3R T
1.13% ( CoT, P, ) s /KB AR (L IRE I T GPP B3-S o IR BRI /K IRl 28 Ak LA K I 38 1Y B gtk 28 AL R A
F NPP f9FR R, BRK 8 k3R AA F T NPP R R

L CO M BRSNS, TP 9 GPP NPP Xt CO, ¥ & | I B2 AR K B BRI A A Rl B R o TR B9
GPP 1E Wi . T B 7K 9784k, R E e w2 T IR T+ 1. 5°C Bk R4k (B I w1 38 B i 3. 0°C L%
JKZEAK s TR FY) NPP S AE [wI0a B T B K B384 o

®2 BMAKERELNE NPP R GPP B{LE
Table 2 Simulated NPP and GPP of Pinus elliottii forest responses to the different climatic scenario in the future

P8 Soenario GPP #E#I{ Simulated GPP(g C m~2a~1) NPP ##){H Simulated NPP (g C m~2a~')
P, P, P, P, P, P,
Co Ty 1983 1941 1979 711 695 709
CoT, 1914 1927 1963 646 651 664
CyT, 1751 1787 1812 556 568 577
C,T, 1959 1909 1951 708 689 704
G, T, 1892 1907 1942 644 649 661
C,T, 1738 1772 1794 557 568 576

Co 2y COLMRERE,Cy 0 COLMRERIE T NIREAR, Ty NIRBEMN 1.5°C, T, 0B BEE N 3. 0°C ;P MK AL, Py g REAKE I 10% ,P _,
KK @A 10% Cy: CO,concentration unchage; C,: double CO,; T,: temperature unchanged; T, : temperature increase 1. 5°C; T, : temperature

increase 3.0°C ; P, . precipitation unchanged; P, : precipitation increasel0% , P _, . precipitation decrease 10%

4 Zig5ite

(1) 7£ 1993 ~2004 BEFTETEER , SEHLPA MK GPP F1 NPP f4E BB K7E 1777 ~2 160 g C m™> a™ ' Z Al
453 ~828 ¢ C m™? a™' ZJ],GPP NPP 4E - H{E 4TI N 1941 gCm ™ a™ ' f1695 g C m™2 a™' | FEAJ A 4L 248
B ES, HEEFES52RKS CO,MERIMLL RFet BEN X B K BA g ins X, X—224E
#5HME R EE R NPP LS R —3H. NSHEMRLS R HLEBRE, BIOME-BGC Xt F ## 1 H1
Fakk NPP ROBEIILE R T2 BS54 M AR BLIME , 3X 55 KI5 BRIT A9 B B4 AR A
TFRFSEFAR, REPFRXIEAN NPP EH45 R KT HAMIE B =R AME , (B 578 S50 B 8 G4 Ak
NPP JEmE 2 ™,

(2) ZEFRFE B, IR X TR HMA AR GPP 71 NPP 4E[RZE AL A K, oK REEHRIB AR MK GPP(R =
0.5988 p <0.05) \NPP(R =0.6746 p <0.01) 4EfrZB4b i FHEEWEHE T, AHRIE BERMBRESRE
NPP /K P A BRI £ S HEZRMEAE™ % i BRI G A 7 4R AR L B B gedE Y NPP B4 s
HAUEER KB R2IEMX(R=0.3 p<0.01) ,MTHSEERAMA(R= -0.31 p <0.01) , BEREBNE
M ¥ A bk GPP NPP 42 BrAr4k £ 3R 7 B IR R Pl BB 2 1R E X T W AR B N ER N T & Bk E2 EF
B Z TR A — 7 T N T AR A YRR FPRAE R, B A T T W AR s 70 — TR T A ATE
By 53 13 CO, YR, AR T T WA R, [R B KK CO, ¥R B IMING W RBHCIH X FE A

(3)EHERUL, R E BB S B R EE N F R SRRk F U KIS 4, BIOME-BGC #HAIZETTH
EARAKRHSHK  TRERBHITNSHEEFER , 3 H— B EEE N MARBIE. AXERSISHK
THEELS T , RKEISHS AR SR SRR A 5 B S5, WAL /BRI A RS 58088,
BEEHE RAE 8a WPTE, M HMAE MR BEE ST EA S E R —ERIRERE. B THERENIZEHT
R TR % B AERE , N\ TIRIBIAMREIE 8a 54 FFIG B AR , B8 R E K 8 BB RSB B
M E RS EAEAR SRR SIS LS 3, WSO R AR AR AR IR AR E S S8, Bk 1993 4E 2 i
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BRI NPP (B KT SEI%4 5 s 5 T AR BT Ak 4> NPP BRI, B2 R B AR RL B ST Ak RS B R M RS
¥, 1993 SEIEMAM RIS HEZ b f) AR 25 BB MO R4 SEBR 1B I, BRI , 1993 4F ~ 2004 4F NPP LB H)
(B 5 5BR(E 4343 . BIOME-BGC B Ky 1 4% 5 351 BIOME-BGC BREATF M)l B AR A 19 b S I bk 43,
PO T LA B BTN 3R E i 5 K E R T A &3k AL i B B E RS K

(4) Cao'™ 4 tH 43R CO,INN, AE SIREAR , HL24 CO, ¥ i #832 500 umol/mol B, AHX fty NPP 33 45 B 53 31 )5k
B, ARG BN COM BRSNS ( >600umol/mol) ,NPP BEAK A H 438 I, B Z 84 T REM A W,
Bl CO, ¥ B3 hn st NPP (A BN ETI A B (F2) . 7E COWRBERMMAM T , Tl GPP,NPP 3R
FE FRE K B8 4L R IR B9 WL ST, GPP AR 7E R /K B A8 AL AL 718 1. 5°C BB KIS B T B ik,
A HIT NPP LB M IH R K i 4k, 2 COR B AN SRS AT, TRl 9 GPP IE FIWARE T KK i
A5 Ak, IR IE WA T IR BE T8 1. 5°C ELREAKE 4 s IE FIMA S NPP B8 B 4 - R I Ao 3 8 AR AR B
NPP 530 I SEhRZE R B WAL M X XA R E TG WA NPP 34N, £ T BF 550822 B H %% GPP,
NPP IE Wi 5 T 3B B s AR K B 3 im > (B3R AR Bk B R E LB LR B R4S R % NPP [ 3
i, E A NPP />, BT, IR B EO T8 2 14 W 7 T X0 3 8 A bk GPP NPP B3 HC , I HL R 0 B 3
1 3. 0C HHZ ifA Ak GPP 341 NPP FR B2 304, X RFE MRENFEIE T LB MRS, BKT
LA AR, NS T S BEEF S . MRS , RAZE CO,MEMN, B FREA®SS
FELBQ 2 RN PRI AR ISR . 7 BN — B3 R BDKE B % A 7R R T, S 300 S YR i b bk GPP,
NPP i FFo

ARFFAUARIR SRS GPP NPP 2 [ f A6 R HEATRIRLBR ST, i S % JBAR BT CO, R BE AN S AR i
BRE ES ARG R B IR S AR L RS SRS R i A T AR S AR K S T SN 5 B4
SHE, FLBHMAK GPP NPP 3 KB SBE LS R IM MBI G T H— TR,
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