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Abstract; Grassland ecosystem is one of the most widely distributed types in the terrestrial ecosystems. Estimating carbon
storage in grassland ecosystem has been a central focus of global change researches. In order to estimate the grassland net
primary productivity (NPP) quickly and reliably, based on the field survey data and the remote sensing image data of the
same period, the comprehensive estimation model of grassland NPP in China was developed by using normalized difference
vegetation index ( NDVI) and climate data. According to the basic principles of grassland genetic and the relationship
between the single factor and the NPP | through statistical analysis, the model structural factors were put forward, and then
integrated together. The comprehensive model included two sub models of leaf area index ( LAI) and photosynthetic
accumulation (PA ), and it was NPP = LAIXPA. The remote sensing data NDVI was used as a driving factor for
constructing LAI sub model and it was LAI =1n (5.79XNDVI+5.91)/(2.73-2.46 xNDVI). The climate data such as
temperature, precipitation, and radiation were used as driving factors to construct PA sub model. In the PA sub model,

there was a logarithmic relationship between the grassland NPP and mean monthly temperature, and the correlation
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coefficient r=0. 4382 (P<0.01, n=95). There was a linear positive correlation between the grassland NPP and monthly
rainfall, and the correlation coefficient r=0. 6626 (P<0.01, n=95). There was an exponential relationship between the
grassland NPP and radiation, and the correlation coefficient r=—=0.7047 (P<0.01, n=95). So PA sub model was
described as PA=In(2+7/18.1) XSqrt( W/89.3) x110/Exp( R/603-0. 8) , where T was mean monthly temperature, W was
monthly rainfall, and R was monthly radiation. The model was validated by independent measured data which was not used
for constructing the model. There was a good correlation between the simulated and observed NPP values, and the R* was
0. 8519 (P<0.01). The root mean square error ( RMSE) and the relative root mean square error ( RRMSE) were 59.955
gC/m” and 0. 358, respectively. The small values of RMSE and RRMSE indicated that the model was reliable. The average
relative error between the simulated and measured values was only 1.97% , and the model can accurately predict NPP. So it
was feasible to estimate grassland NPP in China by using this model, and this model provided a new method for estimating

of grassland NPP in China.

Key Words: grassland NPP; NDVI; mean monthly temperature ; monthly rainfall ; estimation model; China

A A RGO A S R G P R B i) AR S R G L — TR BRER A PR A TR A R
FEMIEM . FREA B F IR, 200 B AR5 B R0 | 2T 1 N 58l v R T
SRR Z W R B I, A T B IR K, A AE Y 4500 km , RELESE 23 AL BOHOR(UR R E 43
A AR AR S R G ALZ — i X R SR F B AER AW 2R SRR LR A S R G-y A
AHFEARMERT L, IER A5 33 B R s A A I A 7 1 (NPP) | 345 O A B 3t R L K i 5 3 ]
Bl A 25 R ST R BRAE PR BA B B0 S, ABLRE NPP R B A W) RE P A 1 SRR G 25 1F AR 7 BE ) Y BB R,
NPP AR B S 1A 25 ZR GEX PR I8 A S A B0 7, DR ke mT AR DA A 285 2R e DI RE RS U A 728 A i) 3, )
FERbRY . AR NPP AEBR ) (25 (LR, S BT AT FE AR NPP 5/ I AR BOC &R X PP i b A= 25
RO TaE A A A PR LR A B R st R R AN SR

B NPP A EAR S | DU SRR SEATAG 3 2 e ol A 4 3R Bl IX ek 55 R RUBE BIF S oy | A A 5
Ti LRI AT AN RE AU B DA, DL SO B 75 WA ST ST i — b 2073k, I, — S8 R M 58 %
A NPP A SRR EAT B2 NPP A S 2 W AT T , DS Ay e b A 285 1 el A 2 4 (L S FBOR |
MR ENAMYTE 2% 80 U A AR I R R BRI AE = ) b C IR A B R G B e i T
KT HTIFSE A VF 22 3 ) [ G2k X BURUBE F) Bty NPP R4 T 7RS4 AR | B 8 B GIS FeR
4R R, RS MODIS S8l ) BT, S R RL A A 5 DXCIRAE B NPP 4L 1R A o TR i IS
AR N 3 B RFSE 7 1, BBk 2 (RS 8 Je s AL R SOR 3R RS ek, R4 & Tl
WY B AR , Ny T TR RS 1 TR E R A B NPP ZRA AR | 5 76 S 3R B b A S R G A R R
VAR B ) sh 258 AL S (HOB A T BE

1 M5 F®

1.1 Bl ki dhpe
1.1.1  NPP S2ili%ds

T 2010 4 2011 4% 6 AAEST DU LA K 7 A 78T NS 58 M4 7T S b el £ | S EORE 190 A4~ (FHer 95
A HF AL, 95 NMHTIAE) , BB RERMEAE B E 1 A KFER (10 m x 10 m) , 7ERBE T IUFf Kol
PEEAE 1 AVMET (1 m x 1 m) 3555 AN A AN/ INEE 7 A 4 b/ i B 28 2B S A i e
JEAE 65 CHUAR LML T 48 h JGilE T8, 5 N/ MEF AT ERFY #5822 ¢ THA%T 1 g IE"" 18
FIREAFEHLA FHL NPP 88— LUK (¢C/m*) BRI .

http ; //www.ecologica.cn



41 PR 4F LT MODIS B9 E B NPP 5 A4 A Al 1081

1.1.2 gl

2010—2011 & A PR &2 A SR A KRS A T ESR SR s L2 Rk 55 M (hip ./ /
cde.cma.gov.en/ ) 752 ASHB DRI G, A HEE(S B RS0 (GIS) Midi{E T H ARIES R S Mad EEE,
YRGB AT Kriging 0, AR5 R0 1 40 (E A5 10 BUR UEAT 85 A8 ¥, 422 A2 5 AH R 1) 28 405 B $R B
(FACITI IS
1.1.3 @ EEE

ASCi A MODIS-NDVI #0485k [ € = 7 Ja ( NASA ) 3, I 8] 73 B354 16d, %8 18] 43 BF 3 500m ., %X
PEA 4 NI EZ , P i B s A ER R IE G2 8805% 2 B8 10° % 10° 14 b B ] 0 Bl SR Se ke LADR,
21> 7 RS M R BE AT BA5  LART UL 2 12 ) 22 53 g L %), T L I A 0 ' i AN 254 g e il R AR AR ) SR A1
FRA U NDVI A, )7 285 4 A0 b NDVI A fe K AR — RA&“ W25 o8 T HEBR 32 8 = FIoR S
Wi A5, I Z AR T H BB A 450 A9 JLEK NDVI R IEHE B K (19 NDVI (B M5 5 B9 NDVIfE
SR I BRI Hb TR HURE A AR ) 22 26 B 91 ELAE W) — H A3 19 NDVIAEAE R W58 BT FH A8
1.2 Wik
1.2.1 BAESHr

FIFH MODIS #5254 T H. MRT( MODIS Reprojection Tool ) #E17 P83 | I i 1F 5% M1 ZR 35052 (J&—Fh 45 1 FR
FI O BIFERE RS | SRR R AE) e 4y A TR (4552 ( SRR 2 R S5 B L8052, &1 T RURIAH 0 10 52 o b T
FRLAEARSE ) | 0 el SR 5 I A TR R FR A, O Ak i) v 1A 1B IX 0 (81 A7 2% BT, $2 AR A5 1) NDVI
O3 X,
1.2.2 HEJ

FRAE B3 %2 A 2 (R SERA B P BN R T 5 NPP 22 (8] B A M | 32 AR R S5 4 R 7 | SR 5 X Bk IR
AT A T EE AR | S5 R S0 50 B0 1 e B AR () S 5001 AR 8 S 56 8000 1) 4 Fr 485 SR vl 0, NDVIL 5
LAL Z [B1 LA S BE R RN AR 3T 506 & BB Z I AA AR AR JEOC R | B nl R E T TR A TR PR P g A
1.2.3  BIAYLGHIE

R T IS UEREE B T SEME SR A RMSE (3477 Mt 122 ) A1 RRMSE (AEX 34 7 MR 2% ) | R T B T A 3
) SIS A XA R A R SR A TR B AP

2 ERE5S

2.1 Fiih NPP LA AR A )

Fiith NPP 248 H e Sy T A Sz st 18] P T SRR A WL A, , S A VR FH BT I 22 78 ML 2 A
BRI SR 2 22, Rk, Rkl NPP A58 0] Hy 5 o v REURI B i i BROG & REE N IR, AR B
NBRLT

NPP=LAI(x,t) xPA(x,t) (1)
K LAL(w,t) FoRMERTT « 76 ¢ B b IR 20 PA (2, 0) RORRIT « 16 ¢ A0t h B (gC/m*/
).
2.1.1 LAI(«x,t) Mk

Y5 Beer-Lambert fﬁ%,éjﬁﬁaﬁ%ﬁﬁﬁi“‘” ST FRFE S LAL v LR R R .

LAI(x t):ln(al X NDVI(x,t) +b,) 2)
’ a, X NDVI(«x,t) +b,
K, a, a, b, b, HITRRIITEE REL,
2.1.2 PA(x,0) fh%A
O B ARG A B Z B 2R Z 12 m, RERR K ISR R PA MM SSRGS T A

http ; //www.ecologica.cn



Bt
%

1082 *® Eild 35 %

KRk  H SR G 3 A~ FREALH T,

(1) IR 5 NPP X &

HRAEHY PR A NPP (192825 B (E 4R IO I A TRLBE R , X O &R 40 IR 1, i L el 2 A P 2R
SR NPP Z (B A E R B 2 M5 N ¢ =185.46In(x) —351.19 M R r=0. 43827 (n=95, B (5%
M 99% T NI AR TE X r AEARER 9 0. 263, 5205 r {H i TIZRME 66.62% ) , 355 T 4% 8 K F, Pt n]
XTI RN IR XS NPP B2

(2) B 5 NPP Y6 &

HRAJE BT AR A NPP 1) 28 28 B (i 4 BORH IO 1) R w0 e 2500, S0P R S R TR 2, iR 2 mln, A Bk i 5
B NPP FEERPEIEAR G 2R AT R v = 1.7972x — 3.4116 , #H KR 5 r=0. 6626 (n=95, B5E N
99% i}, A R B L) r AEAKBR A 0. 263, S2F5 r B = T I%BRIE 151.94%) , K3 T ) 8 257K, B ikl H
LR M R R B IK X B NPP AR

600 - 600
500 | r=0.4382%* sl r=0.6626** . .
,LB; 400 | n.i 400
;Z;é 300 | %E 300 |
m-:; 200 | m% 200 F
° 100 | S 100 -
° 5 10 15 20 23 310 0 0 50 160 150 260 2;0
Mean monthly tamperature/°C Moty it
1 ATHEES5EH NPP X R B2 RmAKE5EM NPPHXR
Fig.1 The relationship between mean monthly temperature and Fig.2 The relationship between monthly rainfall and grassland
grassland NPP NPP
(3) @SS NPP 19X 5
AT BT PRV 500 0 T A B G 5 ( MU/ R
m?) K H SR NPP (R C 290 T 3, el 3 AT 500
LA 9 NPP 2 (EAEC R FLE AR, E ol .
FUE A y = 311627e ™ HICREL r=-0.7047"" &< N
(n=05, {1 9990 AT BEA L - (iR BE |
H-0.263, Fbx r 4 TRIRME 167.95%) 355 THE 3 207
KT, DA AT S B0 B R RS X R NP g © g |
AN . | | | | |
(4)PA(x,0) F 300 400 500 600 700 800
AT, B NPP I | R I Montly eciataut 3/

IS5 R A DG [R5 R e IR EE A o B3 FEA RS NPP AR

FERY A7 IF, G5 R AL S BOR, T H AR T HFEERIEE T Fig3  The relationship between monthly radiation and grassland
PP PGS | A R FOE TR K In NeP

(2+T/1,) o TRVREA T 3B G0 A2 00 R A R S R S B8 A S K, 23 5 LA R/ I 2R R B 3 R
B, HIER TR A SQRT(W/w, ) LA exp(R/r,=0.8) o FZH PA(x,t) (I FRAF

http ; //www.ecologica.cn



41 PR 4F LT MODIS B9 E B NPP 5 A4 A Al 1083

PA(x’t):ln(2+T/tl) XWxK (3)
exp(R/r, - 0.8)
K, T RIRBIC « IAEALE I H R (°C) ¢, RIR LT REG W RN IT « I Ar & 1Y H Bk &
(mm) w0, AR REGR TR BT « FTEALE I H 585 (MI/m®) v RS 08 95 R A K IR %
22 BAISEUE

K Matlab Zi e, F H 2010 453873 S B T RO S BOAEAToR S, BTN S HES T3 1,

®1 RASYE

Table 1 Parameter values of NPP forecasting model
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