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X Wk, BARET, N 24k

(ARIEpRl K2 MRS 150040)

#HZE . IBIS (Integrated Biosphere Simulator) FEIRAER KRG BB 24710 R FR 2R i AR &, A8 A o R HER S 4E
T 2004 — 2005 AFNE LA [FIAE S RLEAN G AE 77 1 (NPP) SR B0 T B8 N 5S4, (T A T30 E AR JL AR & b
X NPP HE4lL, B JRFF T NPP WAS R 3 2y A AR i A8 {0 SURCRE FE (9T, &5 3R I . IBIS AR 18 ) iy A A8 St v oo T R4 4
(LAD) XU SRR 3, B NPP X6} LAT 3801/ BEAIK 5% U fooid s 72 ARG S u i (N L — S 2 W 1M, NPP TR
JE AR AR R B /0 5 X R K B S AR, I Bt /K B 22 T

KBEIA AT ST TBIS ASAY SR ST 5 T B A TR s K

Sensitivity analysis for main factors influencing NPP of forests simulated by IBIS

in the eastern area of Northeast China
LIU Xi, GUO Qingxi*, LIU Jingwei
Northeast Forestry University, Harbin 150040, China

Abstract; IBIS (Integrated Biosphere Simulator) model is an ecosystem process model, which requires extensive input
variables involving vegetation, soil and climate, to simulate net primary productivity ( NPP) and other variables. In this
study, we validated the modified IBIS based on VPP measurements between 2004 and 2005 for different vegetation types in
Maoer Mountain. The results showed that the modified model can be applied to simulate NPP in the eastern area of
Northeast China. We also examined the sensitivities of NPP values to the variations of the input variables in IBIS model.
Sensitivity analyses were used to determine which inputs potentially cause the greatest uncertainties in calculated NPP
change. The sensitivity analysis of different vegetation types, including temperate evergreen needleleaf forest, temperate
mixed broad —needleleaf forest, temperate hardwood forest, temperate softwood forest, mongolian oak forest, temperate
mixed forest and cool temperate Dahurian larch forest. Three input variables for IBIS, including leaf area index (LAI),
temperature and precipitation, were selected for single factor analysis. The analysis was based on change rate (CR) and
traditional sensitivity index (SI) with two fixed variables and the third one was given with a change of +5% (or 1.5 C),
£10% (or2 C) and £20% (or 3 °C). Taking into account the uncertainties in the values of inputs, increased LAl was
predicted to be with CR between —21.2% and -0.04% on NPP output and with a SI between 0.09 and 2. 37 in absolutely
among case studies, whereas the decreased LAl was predicted to be —12.66% and —-0.71% , 0. 04 and 2. 25 for CR and
SI, respectively. Under both LAl increased and decreased, NPP may decrease because of light limitation, water and
nitrogen cycle negative effect which may lead to a higher specific leaf area ( SLA) and thus may slow down the
photosynthetic rate. LAI sensitivity analysis results showed that leaf area index, especially increased or decreased 5% , had
the greatest effect on NPP.

Through the climate change sensitivity analysis, it shows: NPP increases with the increase of temperature ( except

temperature rises up over +3°C ) and precipitation, which indicates that rise in temperature can lead to higher NPP, but
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exist a temperature threshold; Vegetation in the studied area is a little drought and 5% for precipitation decrease had the
greatest effect on NPP; Compared to LAI, LAl has the greatest effect on NPP, and then precipation, which indicates that
uncertainty could be greatly reduced by calibration of LAI, it is also important to obtain accurate input data for
precipitation. We also find the temperate mixed broad-needleleaf forest may serverly response to those three input
parameters.

This study is just performed at one of the parameters with pre-setting changes, while the other two parameters are fixed
at true values. Definitely, any parameter will responsed to the change of other parameter. Hence NPP will change with
them. Therefore, in the future, we need further research on changing more parameters than one simultaneously to study the

sensitivity of NPP to input parameters.

Key Words: net primary productivity ; IBIS model ; sensitivity analysis;leaf area index( LAI) ;temperature ; precipitation

H SRR (19427 71 (net primary productivity , i #% NPP) — EZERAR P —AEE T H, E
SEARER YL BRI a) | B T AR Hh OGS AR T BT 2 AR AT AL SR R TR A0 BR B SR RIS BRI AR R
NPP VB RAEAER T 1 et i 2 RG A TN RERY R B, ELHE S i T AW RE VR TE B AR BRBE 251 T 1 A
FERESI A R R T 1 B AR AR, R BIES RGN CO, 5 TR 2 SO0 A SR AR VR S
Xof TR 20| B AT 5 ol L B A 2 B A RS AR S5 AT E A 2

R SR A 5 — 2B 7= I AR 22 | Ruimy ™ KA RIABEHE O 3 28, B GE A Y | 2 50085 700 5
BEAY A AR PR R4 s [ AU ST b A5 F AR AR RO BT AN IS & IX BT 2 2 BB SR T
) NPP 14U i FRASE R DAAE S R GEMLBI A B2 10 O, REMSAR A b AST4DL 8 Ak UM 2 1 (IR BE R /K — AV
BEFFET AU ) Al b RS B2 N A S R G NPP (AR T 35 S8 A B IR 2, ZH 5 7%
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L RIS X AL AL 235 SR i) DR P S8, ik A B AR A T A AR 1 sk AR AT AN (%) 10 DR FE | PRt AR B A S 4 b
PR RS TS ) S TR T R N [ AR 2 AR G kS P8 A A 1) BB 3 AT
GRS S AR E DY 2 R A TR (RS ARG AR A 25 R Gl Bk 7 il AT T ST AR | - st F AR 4k
FOR A S 0O AT R e i UM AT 5 TAERRIRIER AE

IBIS (Integrated Boisphere Simulator) #EBYJE TA4E 248 R GL i B 2 AR 3a ook —Fhoph <7 | SR IE S AR
TUHE SRS R K i b 2 T A5 ) Bl b e i e AN A BRAB W sh A Rk ik BERIAE R T IS Bl A= i B A=
BELA R A= 50 7, O Hox M UHE 2R AR 8 1 #2 5 KRR (AGCMs ) #-ATHR & , BES BRI 24 1Y 1)
] 5 B MAP BN ECA AR n A= Pl ok 7 J& T — AU Bk A W BB B DGVMs ((dynamic global vegetation models) |
RFH S BRERAR IR B 5E 7 102

ARSCH S T S BRI ECHE X TBIS A BYAT R4 PR AT 4 ThT S0 A, 17 J A A5 2 iy A8 e (ORLBE (K T
FFEEL LAD) 2405 0 NPP B L, B AE NGRS RN LAT SEWRAE ) AE 7™ T R i 3 SR o8 Bk A2 AL 3R 3
T ZRALZRFRBRAREGE A TN REAS AT S5 BB B RE ) 28 A S BE R 22k A
1 MRXHE

W T BRIV S PR B2, HS 40. 9°— 47.09°N Fl 125.0°— 133.9° E M5 M ity Kbl
S, AR KNGS BB EZm, BV -4 —6°C,1 AR 7 AR IE B35 & -22 —
~12°C,9 —23°C, 4F K AR LTI 460 — 1200 mm, (/K Z4E P T 6— 9 H , HZ2 4 &4F 1 60% LA I
ERZ , HAEBKER 10% —25% ; HZ 5 10% —20% ;XN 5% , e R Wt | 355 20 iU Fh Ay
ZI¥AN ( Pinus koraiensis ) . 5V ¥% ( Abies nephrolepis ) . 1. BZ -5 % ( Picea koraiensis Nakai ) | 41§ == #2 ( Picea
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jezoensis ) K FAVEM A ( Larix olgensis var. chang paiensis) 2% &M ¥ (Larix gmelini) J5¥5 ( Pinus densiflora ) %5
SRR K th A0 ( Fraxinus mandsshurica) SAMERK ( Juglans mandshuric) | ¥% 5% ( Phellodendron amurense) |51
( Tilia amurensis) K545 ( Populus ussuriensis) , 5¢ 158k ( Quercus mongolica) VA N HJE (Acer L. ) HiJ& ( Tilia L. )
ET A AP S T 3 (Suringa oblate Lind. ) \ZL4( Lonicera japonica) %% ( Rosa L. ) S5 2 Fh ZFEHITE A
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Fig.1 The study area, locations of 881 sample plots in the eastern area of Northeast China

2 FARAE
2.1 IBIS BAEIN4

IBIS(Integrated Biosphere Simulator ) 5 %12 3 [ jgl 4y Bfe 52 2% Foley S5l 4 T 1] A 4 P R IX dsf RUBE 1Y
SO AR R R A O R AR TBIS 2,67 AEAUAS BP0 F5 4 3% AR W BR Ak 2 R0 1 R 4 2
A A, DI A OB A SK S B AN REXT AR B A B s S EAT Y, i T LT AR S R B8
OB A KN RE B P AT AL FEASSE R v AR A0 T PR MR IV W T FE B (9 4 A5, NPP % IR 2 0t & 5 47
P R, 2E(EM 70% 5 Horh S 250 &1 RR I Farquhar 55220 BORZE R, 242 TR ORE
FHREZK ) FIAEL B A 25 2R B 2R (B R TR R LAT,, F1 Rubisco MG FRIEAR) o R ZHIFH (R, ) MR
M (R,,) FITPEN (R,,) BERK,

NPP = (1 =) [(A, = Ry = Ry = R) (1)
K, A, W RO G HR (mol CO,m™7s™ ), K AE KPR IS FER M LB, BUE K 0.3,
A, =min(J,,J,,J.) (2)
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o, J, 2R IERR R (mol CO,m™s™) , 5t B IR 6 A A SR ST (PAR) (W/m?) FHBE CO, I
WAEETRCR(TCEN) |, M 4l EI B CO, ¥ (mol/mol ) FIGAVEFH A C M 5.4 5% 5 J X3 Rubisco 6
A BRI (mol CO,m™s™) 5 J 2 M 7E HAT 3¢ i il ) = 8 A At ok B RN B0 i 0 45 10 1, A5 1 2w [H 1,
J A J IR KT Rubisco B KRILHR (V,, ,mol CO,ms™") T,

R =y 7V, (3)

Aoy R R R 2B (TCEA) 5V, AR FE 15°C 1) Rubisco B KRILHE K (mol CO, m™s™") , y Al
V, BB RUAN R BUEAN A

R =1.25%0. 8x Almm 8500 ! ! 4
oot = 1+ £ XU EXT e, TXEXp *(288. 16 roottemp @

Ao, SIA R FE A, ¢ AR A A (m®/kg) 5 LAL Ry 45 FiA 9 28 80 A9 o R M T ARS8 (m®/m?)
roottemp HHRTBIRE (K) , R4 Arrenhius wE A

10xLAI,,,
Rslem = 0' O] 25 XTXGXP (SSOOX(Z

1
88. 16 _stemtemp

j j xsapwood (5)

K, stemtemp 2 bk J2 1 R TR BE (K) 5 sapwood M BT i HeA51], Xt Fir A7 48 4 28 B0 1 (L 129 Ky
0.05,

A RAEFIE A UL hitp . //www. sage , wisc. edu/pages. datamodels. html 5%, Foley &= Kucharik 451200
2.2 BB

AWFFEES G EZRACH XS AL, % IBIS #EAT TAHIRAE 2, BN EE A (1) K5 kAR Y IR
FERY 12 P DI EERY (plant functional types, PFTs) %748 Jpifi A rh E R IX () 8 Ffr, B B H e EF it IR
e vE I RE I RV R R R AR AT JERAT TS R SRR A TE R TR REAR AR (2) K5
A 15 PG AR SR B AS i 7 i, RV s 2R B AR i B R TR SRR Rl A I b T 2 I
S5 I ARAR TR ZR AR TR SRS AN AR, (3) MHERIIRE RIS H (i V,,,, O TR i AR TR (]
WAL, B T AR S C ) FIAE B AR B AR SR AR A T B, W 1 FIER 3

F1 FEEYINEEREYERIGHE  BOERB K LHER
Table 1 Definition of C residence time (tau) ,C allocation ratio(«) and specific leaf area (specla) for each plant functional types applied in

IBIS model

- R WA TERR He T,
YT RE C residence time (tau) /a C allocation ()

Specific leaf are:
Plant functional types pecitic leal area

I Leaf #8 Root T Wood I Leaf R Root (specla)

Qlﬁl WAJAQ‘ D
Il SR 2.50 1.00 50.00 0.30 0.40 25
Temperate evergreen needleleafl
A b

1. 1. . . .2 2
Temperate deciduous broadleaf 00 00 50.00 0.30 0.20 6
VEL S S A 1
ki) 1— 1.00 1.00 50.00 0.30 0.20 25
Temperate deciduous needleleaf
FETRH H S
R SR 2.50 1.00 100. 00 0.30 0.40 25
Cool temperate evergreen needleleaf
%:u HEHE - B I
AR R . 1.00 1.00 100. 00 0.30 0.20 25
Cool temperate deciduous broadleaf
FEIA T T

1. 1. 100. . .2 2
Cool temperate deciduous needleleaf 00 00 00.00 0.30 0.20 5
PE MK Deciduous shrubs 1.00 1.00 5.00 0.45 0.35 23
B Grasses 1.50 1.00 0.00 0.45 0.55 23

B KR T Foley %5121 Kurcharik 45126
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K2 AEEEERHARE R R ER L 72

Table 2 Leaf area index for different layers of each vegetation types in the study area

THAE Y WA/ (m2/m?)  EHFA/ (m?/m?) HEAR / (m>/m?) BAR / (m*/m?)
Vegetation type Evergreen tree Deciduous tree Shrub Grasses
YR e

ARSI AR . 2.80 0.00 0.10 0.00
Temperate evergreen needleleaf forest

VE AL 3-5— H-YE A=

T S 10. 13 2.00 0.50 0.25
Temperate mixed broad-needleleaf forest

H ‘u I

WEERIA 0.00 6.00 0.80 0.20
Temperate hardwood forest

M=k db=a i

I 0.00 5.20 1.00 0.50
Temperate softwood forest

SRR Mongolian oak forest 0.00 5.80 0.50 0.30
R 24 AR MK Temperate mixed forest 0.00 6.00 0.80 0.50
%“E;"'lﬁé’_"c I N

R X SR AL 0.00 6.20 0.50 0.20

Cool temperate Dahurian larch forest

x3 EEAEGEESH
Table 3 Plant physiology parameter values applied in the photosynthes

28 Parameter C3 (FAM#FD) C3 (Broadleaf) C3 (%A C3 (Conifer)
PAE T TR0 Intrinsic quantum efficiency (o) 0.06 0.06

Rubisco i KR I %
Maximum capacity of Rubisco (Vm) / (mol CO, m2 ! )

I B I 22 5 Leaf respiration coefficient (y) 0.002 0.003
B VR TR 1 AR AR R AR

2.3 ¥k

FESHOIER B E S EON S,
2.3.1 MBS

AL F55 R T R 2R 118 2 ) T A o ) 5 B (taw ) . FARME A PO S0 B R BN () | LTI (specla) OG5 1
B ONFREGRAI LA JEA SRS EREDMH RS (K1 — £4),

®4 TEEHEEBETEREHEDRHEED S

Table 4 Carbon storage of litter components for different vegetation types in the study area

35,47,53,80 e 45 80 e™°

AP A M Leaf AR Root T+ Wood
Vegetation type /(gCm?al) /(gCm?2al) /(gCm?Zal)
L H BRET AR Temperate evergreen needleleaf forest 477 1025 5102
R ET R YR AE PR Temperate mixed broad-needleleaf forest 276 2725 5543
TR T [E AR Temperate hardwood forest 203 1345 4975
WA AKX ER AR Temperate softwood forest 312 1867 5221

Z2 7 BRAK Mongolian oak forest 203 1345 4975
IR 2% A Temperate mixed forest 312 1867 5221
FEJRAF 24 LK HARMR Cool temperate Dahurian larch forest 299 1597 7099

2.3.2 HESHK

R 3 B AR 5B (USDA ) A - 58 5 kb 43 S AR 4] o W53 DX ) - 3382580 S8R 5
2.4 SEEAEEIRIL

IBIS i A8 i FEAAFE ARG Bk Wl mE m 2510w, FRETRAILHOR
ZHORLE AN 194 LG8 BRUFEIN 1971 4F 1 A 43—2000 4F 12 4 RAFEE T P20 AREE 5
i W KL, DL Gl S 226 B AR = B, eAh B IE T 2001—2005 AF — G i Bk,
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UH T, P RARERIER, BB IR N BT ARl AR B R 2845 8 v R 2 [ ) 2k 1 (]
I, PR HOHEJA] FELRc 1 10 A3 s i S A T A (L
*s5 LTEsHREM

Table 5 Soil texture parameter values applied in IBIS model

" BRI e RREERAG ENOSES KCUEAMR
+ 45 ORI MDA Rk i Saturated i . . T .

. R A Soil porosity Soil water Soil wilting Air entry
Soil Sand Silt Clay hydraulic ’ . .

. (D) / content (@53) point( @5y, ) potential (¥,)
texture /% /% /% conductivity (K, ) 3 s > ’
/ (m/s) (m’/m”) / (m*/m?) / (m3/m?) / (m H,0)

7b 4 Sand 92 5 3 5.833¢7° 0.437 0.091 0.033 0.070
Y+ Sandy loam 65 25 10 7.194e7° 0.453 0.207 0.095 0.150
3+ Loam 42 40 18 3.667¢° 0.463 0.270 0.117 0.110
K+ Clay loam 32 34 34 6.389¢77 0.464 0.318 0.197 0.260
K+ Clay 20 20 60 1.667e”7 0.475 0.396 0.272 0.370

2.5 FRAIIGE

AWFFEHF IBIS (19 NPP FE4D(E 5 F 2004— 2005 4EME JL AR 250l A KB RS S0 NPP (8 (CFF HoAE hy 52
TS ) A A 8 —E R E U AR A i . A0S 7 FhARA) A HERR R AR S AR Ze AR AR 2T
N TARFIE RS N TR, BRI A 45 S e SR P S A X R 22 (MRE ) T35 %

A[RE::%;ﬁi 'S(igzgg(i>' x 100% (6)

A, n AR SR 5 S (i) AERES WU ST ; O (0) ARFRER ¢« WL s A S
2.6 URESHT

KT BB AR B U AT 3 Fhor ik, Ho— AR Ge i B 23 B 7 v | RIBA— g A% 5 o028 BT S BB AU
SERMAED . H R G G U T D RE A RERE A0 AT A8 i S A R AR R K=o
EFAST( Extension of Fourier Amplitude Sensitivity Test) 771, 1% J7 15 v i T H BB I8 i ol 48 jo— A% &, JE 7 fUsk
PR ST (0 R R, REAS 43T 3¢ L RE M0 P Xof B R 45 SR A S e R B Pl AR SOt H AR AR 8 LAT 38 B TR N
i LRGN ) NPP AT BB 5T 01T R AR S8 I B0 23 B 5 125

SI=(AY/Y)/(AX/X) (7)

X A S0 D BR A G0 AR R 25 2R AX R AY | AR R AL e A 4R B8
ik, SIOBURMERS L, 2 START 0.1 W, 3R W] NPP %A B AR AL UM AR 5 ST AT 0.1—0. 2 Z [, fUsk:
HAE ST i 0.2 B SUBPERR 25 ST K, WA NPP Xt 32 B4 AR 1728 Ak A SRR R iR I {1
NPP 5520 P IEAR O, 2 A SR SG

TERUSHE I T I T, ASBEFEBCE T LA R 03 B R KR LAT S8 A1 D0 | 1 2615 B K 1PCC2007
LR M T TR A KGR B B W /K AE AL R 345 N R IR A U, BRI WK RN LAT 7 4Rtk 0 IR
R AR VR AR R I RS I AR 3 S B ) 240308 3T, LAT PORRUE(EL L3R 3) | B — B hn/ AR B /K = LAT AR ifEAE
1 5% 10% 1 20% , i % H FEE TR 1.5C 2°CH 3C,
3 HRESW
3.1 BRIKHIE

2004 — 2005 4F[] NPP AEUL{E-5 LI ELAH X 4% 22 - S {E AE 3. 8% (ZLFA N T AK) —18% (ZRAM) Z 18]
(F6) , FRIHER EE L T Thornton 25 | Laurent 227 Matsushita I Tamura**’ | Bonan"* #F 5345 % | M itk , A<
Hu K1 IBIS A5 REASAR 4 M AR LA [) ZRARME 5 2 1) NPP AR AR 0, JE 38 F b B AR b 2R B s X AR A
A IR
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6 2004—2005 FHEFRIEFREM XA ERMEE S RE = WRINESWNE LR
Table 6 Comparison between modeled and measured net primary productivity for the seven forest types in the eastern area of Northeast China

in 2004 and 2005

NPP WA NPP BEHME FHIARXT R 2

AR Measured NPP Modeled NPP Mean relative error
Forest type /(gCm?al) / (gCm?2al) /%

2004 2005 2004 2005 2004 2005 Ty
£ N TAHK Korean pine plantation 355 583 350 548 1.6 6.0 3.8
&S N TAK Dahurian larch plantation 591 798 706 768 19.3 3.8 11.6
SEHTRRAK Mongolian oak forest 412 425 447 469 8.3 10.4 9.4
HtERR Aspen-birch forest 315 304 348 367 10.5 20.6 15.6
ffi AR Hardwood forest 369 303 305 317 17.6 4.5 11.1
EHRE MR ASHK Mixed broad-needleleaf forest 774 712 769 799 0.5 12.3 6.4
24 A Mixed deciduous 391 384 335 300 14.2 21.7 18.0

3.2 3BT AR X RMAE Y NPP B
3.2.1 MRS

LAT B s /D AR IR 0 43 L, NPP 7R Ak B AN JE X FR G (HAR R BE M NPP 1 [5AIR ( 28R 34 f ()
(7)., XL LAT FHE FIREARE B R A9 NPP ARAGR | K 80 LAT T+ S 300 NPP ZSAL SN B . S8 LAT 4nfa]
HEPRAE AL FRXT T B RR TR SR NPP 520 e R SRR 8034 5 T 0. 5, IR B B BURA 7K . X242y it
FAMKR NPP SE0R /N UM EFE BN T 0.04 — 0.34 8], 78 LAT 846 iR JURME L NPP XE LAT 35T/ 1%
11K 5% W, U o, U EHE B4 v T T e/ B ) oA B g LA

RT AREHREESVRES XM ERIEHNEBRNE

Table 7 Sensitivity of net primary productivity to leaf area index (LAI) for seven vegetation types

A B C D
LAl B fb i e R A ¥ S %
G e T WS, WS, asm
variation/%  Changerate/ % index( S1) Changerate/ % index( 1) Changerate/ % index(ST) Changerate/ % index(SI)
5 -3.05 -0.61 -11.86 -2.37 -2.09 -0.42 -2.33 -0.47
10 -3.21 -0.32 -11.58 -1.16 -2.15 -0.21 -2.48 -0.25
20 -5.14 -0.25 -21.20 -1.06 -4.27 -0.21 -0.04 -0.00
-5 -3.20 0.63 -11.28 2.25 -2.10 0.42 -2.23 0.45
-10 -2.90 0.29 -11.50 1.16 -1.80 0.18 -1.87 0.19
-20 -3.26 0.16 -10.17 0.51 -2.50 0.12 -2.92 0.15
LAI Akt g ek ! TR ¢ U
o wier AQCRR men (CUER e SO
variation/%  Changerate/ % index(S1) Changerate/ % index(S1) Changerate/ % index(S1)
5 -1.93 -0.39 -1.68 -0.33 -0.93 -0.19
10 -2.41 -0.24 -1.78 -0.18 -1.00 -0.10
20 -3.55 -0.18 -3.25 -0.16 -1.87 -0.09
-5 -2.20 0.44 -1.99 0.40 -1.69 0.34
-10 -12.66 0.13 -1.43 0.14 -0.92 0.09
-20 -2.01 0.10 -2.18 0.11 -0.71 0.04

A TR H EREF AR Temperate evergreen needleleaf forest; B & 75 £ & MR 38 BK Temperate mixed broad-needleleaf forest; C . i Hy Al & b
Temperate hardwood forest; D; VLT A i AR Temperate softwood forest; E B YN Mongolian oak forest; F': N Y N7 N temperate mixed forest; G

FETRHT P4 LTE A Cool temperate Dahurian larch forest

3.2.2 B

FEADLZE TR I IR BE T 1. 5°C FN 2°C 1, B8 T K 2R CA LAY NPP (8 SREN MR 2R MRBR AL ) |, 38
&4 0.58% — 10.34% , ¥ LLE MR SSAR NPP P st ok, (HIRBE TR #E i 3°C , Ir A g2 A8 By VPP 2%
IR (AL 1) | MR B 35 10. 48% |, LU 5T M ARIE MR e /. Schloss 25100t a1 15 AN b AE 8 2 4%
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BRAGEMETY 2 B NPP Xl B B SO E R R A —  JUHAE LR
LA TR BE T X NPPBYSERRE , AT MBS R U AR T 0. 1 (3R 8) M4 2. 6 iUk
PEHIBTAR I , NPP 3230 o8 i B2 A8 A O A U

RS AREEERSVRESN3BETUNSREYE

Table 8 Sensitivity of net primary productivity to temperature for seven vegetation types

A B C D
L TR AL TR AL TR TR
TPmJ;)]t’rxatHrF e Sensitiinlty L Sensitiinlty Sl Sensitiinlty L Sensitiin‘ty
©7 Changerate hangerate hangerate hangerate
Changerate/ % index(SI) Changerate/ % index(ST) Changerate/ % index(SI) Changerate/ % index(SI)
T s -3.72 -0.02 2.15 0.01 1.73 0.01 1.41 0.01
T, -5.23 -0.03 10.34 0.05 0.78 0.00 1.01 0.00
T -10.48 —-0.03 -0.82 -0.00 -1.47 -0.00 -3.88 -0.01
E F G
pizt)3 TR AL TR AL TR
S LAl S LAl S LA o
emperature Changerate/ % Sensitivity Changerate/ % Sensitivity Changerate/ % Sensitivity
angerale index ( SI) gerate index ( SI) gerale index ( SI)
T s 1.27 0.01 -0.80 -0.00 0.58 0.00
T, 0.87 0.00 -2.64 -0.01 1.36 0.00
T -1.77 —-0.00 -7.31 -0.02 -1.35 0.00
3.2.3 Rk

MK 5 NPP RS 2 IEAH G BUBEFE B0 1F | 336 U8 I IZ B 5% Ml o W /K A I | 2 0 2 K g B ) e PR
R, ANFFEPSER R AR A U R BE R T] R 28O NPP (BRET M MORT RS [ K ) | X6 6§ 12 BRI
5% SN FBURR  BUBMEFR B T 0. 31 — 0.95 Z[a], Horb LU i3 38 MO R IS 22 [ B S b B M BBURR (2 9)

K9 FREHEERSVREF NXFERETUHBREYE

Table 9 Sensitivity of net primary productivity to precipitation for seven vegetation types

A B C D
&7 Vi . }::&\;, =2 @, =% !Eg, =¥ !ﬁu‘k’\‘, =¥
PE:C ip j;t{f:n Ea ﬁi :n : fii?t;;& e @;enst fii?tf& . el Eﬁen sriitif:i‘t? el Eﬁ;ensriitii?j&
Changerate/ % index(S1) Changerate/ % index (1) Changerate/ % index (1) Changerate/ % index(ST)
5% 0.27 0.05 -0.63 -0.13 0.78 0.16 0.01 0.3
10% 0.33 0.03 37.56 3.76 1.13 0.11 2.02 0.21
20% 0.41 0.02 0.70 0.04 1.58 0.08 2.02 0.10
-5% -0.31 0.06 4.77 -0.95 -1.00 0.20 -1.55 0.31
-10% 0.17 -0.02 -1.23 0.12 -1.95 0.19 -2.68 0.3
-20% -1.16 0.06 3.50 -0.17 -5.04 0.3 -8.20 0.41
E F G
R PSS % AR AR
s 2% SQERN e SR e (O
Changerate/ % index( 1) Changerate/ % index( 1) Changerate/ % index(S1)

5% -0.19 -0.04 1.30 0.26 -0.05 -0.01
10% 0.60 0.06 2.04 0.20 0.36 0.04
20% 1.00 0.05 2.94 0.15 -0.19 -0.01
-5% -1.93 0.39 -2.16 0.43 -0.41 0.08

-10% -2.37 0.24 -4.51 0.45 -1.14 0.11

-20% -5.63 0.3 -10.48 0.52 0.18 -0.01

Xof U A3 I AR 15 L, NPP St [ 7K [ AR o A

H# NPP % LAT 5L FIFE 7K U , NPP X LAT 728 Ak S 1 S50 (B35 B0 v T oA 9 4 5 i
)XW TARESS TG ARy T M HUORREK &, NPP IR EE AR I AR X 5 Kaduk
1 Heimann"*') | Price 55 45 AR IR, I FLZEAS B RS R oy | DT V) YR 3 Aok 72 i 72 A e Bk, TR L A
R A i iy A B — 7 AR UE. LAT FIRE 7K S W HER 1 | D0 T A T YR S PRI TR ) 30 1 4 i A7 a1 18
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ARG T 2004 — 2005 4 NPP B ILIEHE 1 Fe A, e 30— QA AR 1 B B TR IBIS BEAS 4T Hb B
P B AR A AR X R AR 2 7= T, NPP B 5 I (R X 152 25 - M AE 3. 8% — 18% Z [A]  AHX i 22
PIFE T 2 a2 9

FERUBRMERFFE Y, ANIE LAT 35N S /D AN FIAE B 28 NPP SR8, X 2 RO AEAE B AR KW LAl
5 NPP SEZUTEARSG (AR B IE IR 2 LAT 8K E)— @ R, 54 T 5 J2 P ANl A+ 38 97 1 B
PARRN BN, NIRRT T E2 32 R SPI A8 /N 0T NPP BEAIK . 55— D7 T, LAT 75 At 5% i A8 14 7K 916 B4 R 2800
B 040 LAL Fi5 MR SLA Tt = 1R R s [l fh s 3R BTG, X A G2 02 Ha 13 1 SLA S S0 o7 - 1 R e 1
R BE A, FA% T 64 Rubisco BN S i, B0 T WA G AR | 18 LAL U b op BRI HR 22
M NPP 32 LAI ZEACSE W K, 24205 AR BT 32 52 il 5/, T A A28 NPP #/%F LAT 2846 5% JOW S5 BURK

FHEARHE NPP B3 ARAEAETHIRBIE . B, PTOR AR AR A D S A0 I8 1) £ T T 5 7 1ot
{8, 85 DR XI5 NPP BRI, X F 22 iR EE T+ 3°C 3% K TARBOG A VE R RE ) i[RI B A9 Y 75
¥ A P Bt 22 5 | AL gl B AR P K A3 B KRR LG HT S BOG AR IES . o5 — 5 IR,
PRI T AEBE Y F RPN BT NPP AR, T R s 42 T 5 AR R Y B RN e e | JHG P O s 8 %o 3 1 3
BN RIS AR BE PR GE T NPP )T R

Rk 5 NPP R IEAR G, BV KB 360, Ao NPP 36T, K ZHORgE NPP (BREFIHEAR) | X6 [ TR B I
5% FVAURR  XoF H R K s B IR REATR () AS R IR B, NP P Yol 8 7 2 R A1 B e

RSP T LAL T FIRE TR X NPP it 25 SR i 5 m | 058 BH A 43 B - U B 3 BB R 7 22 B4R FH DL &
PR PR 5 A 28 P 3 A S B AR A S5 2, WA vl R il VPP R e Se AR e (R flUskk . . 141 22 A0S
FOKEIR ARG T B, 2w A A W R LK 3 Wi DL A R 7 8 4514~ NPP X
LAI ZE AL AR

F T 5% i SR B B e | AR R A 2 PR KRS X5 BB T A, It ot s g P R0
HOEAA RO, PETT R DE AR . — e G An BAR T R R LA B8 I BER M B8 w5, 5 &
MR AT R e A RE T SGEHT R R BB R RS SL B U RS R LRI O A S 1
TRAGEMRIE ) Bl MRS BB LAT, 2R, B ARG B, IR AE TR 4 70 M 51 F , LAT %
FAEATIAERAH Y — BEF (], SR I B W AR, LAT BEASIE L 32 =G RE A F R A 5 xS i R g i s e i
B AL BB o I R R 9 R 0 4 ik T 1R R B R R b T AR R A B Y

ARG ST R TH SR RBH RS 3RA R S CO, W EFHEE SR ZS R (BAEAR R A %
JERA CO, MR AR T R 1) — RIAE A R N . WEHATE , KA CO, MR BT 5 i1 A CO, Mk B ™= A
D125 SR 3 i B M E] CO, Ve BE 7= A= A8 Ak, AL G e A g R OB S 0Fm . KBSk E , KR
CO, Wk BEHG &7  AHPIXT CO, A9k, IF e B AU, SR AR W E B I, 2 RAs Bk VPP,

IR VEI B AE AL LR NPP B OCHE , B 5 e R 05 A, (H7E TBIS AR H | X /K R B i AR A A0l T
fRT B AN PR AR et i R A3 A RO T A K R S ABse L (R ) e )2 R T 0 R KR B R KRR T 4
0.2 kg/m*H10.4 kg/m’, ZE I MR 1) 7 PR TE pR I, I BRU RV A 4 i 19 25 53 0 = AR B /K B PR RN 28 1
FRIASTR] , L% v P BRI R A I A 2 2% 8 38 %6 314 90 mm/d AT 10 mm/d ™) AR Xof o T 78 B 119
T 2 A o 1 A B TR K A BE T, T 52 0 e 2 AR T2 %, S 35 K SRR )2 T R R, S
A NEIR AP TR K 5377 A AR A 38 B NPP A AR B8R I 25 .
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