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Abstract; Net primary productivity ( NPP) is an important indicator of terrestrial ecosystems and accurately estimating NPP
is fundamental in terrestrial carbon cycle research. Ningxia Province is dominated by grassland and the estimation of

grassland NPP can provide a scientific basis for the sustainable use of grassland resources and the improvement of grassland
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management. In this study, the grassland ecosystem NPP in Ningxia Province was estimated using a Carnegie — Ames —
Stanford Approach (CASA) model and Moderate Resolution Imaging Spectroradiometer ( MODIS) data from 2000 to 2015.
To study the spatiotemporal characteristics and future evolution trend of grassland NPP, the correlation between the
grassland NPP and meteorological factors was analyzed using a simple linear regression model and the Hurst index. The
results showed that the CASA model accurately simulated the grassland NPP in Ningxia Province. The correlation coefficient
between estimated NPP by the CASA model and measured NPP was 0.93 (P<0.01), and the spatial characteristics of the
estimated NPP image were similar to that of the NPP image of MOD17. In the whole province, the average annual grassland
NPP estimated by the CASA model was 148.28 g C m™> a”' during 2000-2015. Meanwhile, the average annual grassland
NPP increased with fluctuations during the past 16 years and the linear growth rate was 3.84 ¢ C m™> a™' (P<0.01).
Regarding the spatial variation of grassland NPP in Ningxia Province, the NPP in 98% of the grassland increased during the
past 16 years and this increasing rate decreased from South to North. The Hurst index of grassland NPP in the past 16 years
ranged from 0.27 to 0.81 and the mean value was 0.53, which indicated the grassland NPP will maintain the same trend of
change in the future. At an annual scale, the average grassland NPP in Ningxia Province was mainly affected by annual
precipitation, and had a weak correlation with the average annual temperature. At a monthly scale, there was also a weak
relationship between the grassland NPP and temperature in the growing season; however, the monthly total precipitation
exerted an important influence on the grassland NPP accumulation. Furthermore, there was a one-month time lag in the
monthly NPP response to mean temperature, but this phenomenon did not exist between the monthly NPP and total
precipitation. The main reason for this phenomenon was possibly the hysteresis response to temperature in the steppe and

desert grasslands, which were the main types of grassland in Ningxia Province.
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Fig.1 Grassland classification of Ningxia
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Table 1 Comparison of simulated NPP based on CASA model and MOD17 NPP

B4 ISR LB B2 SRR R A RO TATAR 5 L %
Grassland type R RMSE MRE Grassland area proportion
FEBLHL I Desert steppe 0.93** 5.35 0.36 57.0
HFAL T2 Steppification desert 0.87** 5.24 0.30 9.5
FHREBEIE Dry desert 0.94"* 6.10 0.40 1.2
TR Shrub grassland 0.78 " 7.46 0.36 4.7
{RIBHL 4] Low wetland meadow 0.73** 6.40 0.20 0.4
TFHJF Dry grassland 0.97** 4.45 0.11 22.9

15 48) 55 J5{ Meadow grassland 0.82%" 9.12 0.28 0.5

1L 1747 Mountain meadow 0.85*" 14.64 0.42 2.3
A Shrub meadow 0.95"* 7.97 0.27 1.3
THPEJS Marsh grassland 0.33 9.63 0.92 0.3

# % J P<0.01; R A5 R %L, Correlation coefficient; RMSE : ¥4 75 #1222 , Root Mean Square Error; MRE ; #i X} -3 2% Mean Relative Error
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Fig.5 Linear trend and significance test map of grassland annual average NPP in Ningxia province
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Fig.6 Hurst index and sustainability map of grassland NPP in Ningxia province
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Fig.7 Correlationship between grassland NPP and temperature, precipitation and their significant in Ningxia province
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Fig.8 The correlation coefficients between different grassland NPP and the preceding 0—3 month temperature and precipitation

2.5.3 R[FEIZEAIF L NPP XS 4L (14 1 43 AT

AR s 36 A BRI A AL A B8 0 7 AN [] 388 2o 20 A AS TR 2 B 55l NPP SR IR 1 A DG PR A B
NPP 524 7 Gl AR G ph e AR AR R 78 P 20 iy | i S DA e |t i) 9 A o % PR
), 1L b5 =l A AH OC ZR BB I )i 5 43 (0—3 ) A 1] B4R 52 B S 3 el 42 ( (&1 8 ) 5 T e ¥
JE AR B AT K T IR R NPP 2l B2 R e U SR B 5 24 H B AR SRR, S T 1 A Y
ARSI EfR e, S RS AYRT 2 VAT 3 S H AR S R RS (8 8) o NI, AT SCR BRAY AR K = 5 it NPP
Xt H B S S 1A H B BEGR JEE eh  ROR AR A B i 15 e J D R  JUA S T A R 5 A
R SO I B i i, T 10 RS RN R NPP 15 24 H oK i AR Sk dee e, Heh e 5 J5U NPP 55245 H Y
B KA AR DG iy, AU O S AR b ) R AR SRR IR TR PR i FEA ) JEE A
i UL e ) R L, NPP 5 K B AR DGR R4 28 R R b 9 SR B s [l S P (D 8)

3 g
ARSCASAE R B NPP 2 148.28 g € m™ a™', 5AMIIRAE ) FMARIISE" BB S AR , (EL W) AR T4

http ; //www.ecologica.cn



2 RER  ZE.2000—2015 4T H EH A A 72 i 23 R K HAS B By 11

R0 IR AL e S O IR 4 S X T REAETE 9 T P D DR, — ST 9 DX 3 T 1) AN ], 2 o A A8
SEACTN R JE AT R 5T 0 24 R BE A B Ml NPP | T X 1% 08 45 5 T ) A 30 R /K BROT- 68 1 i 44 1) 3%
FaALHLIX NPP 2R T AR AR K i A S8, BME X T ARG CASA BEH AN )4 A S8 P At 25 1 Aty
AR 257 ARHESE BRI G () Ok G CASA R 7E X I R A FORG JE , (H AR 78
1) R RN A S B AT AT S 1255 ], 128 JERSC 1) Io8 RUE A 34 0 3 4 ) 0 MR 1Y) B NPP 24 JR 5% T
VERIME R, CASA FERLESERER IR HALE NPP B TG RER FI R FOE & A 3 5T, A B 45 Rk
W FAE AR TP KSR 1 & BRGNS A (R B S 500 R 25 BB 2T 2y, an e B f N TR
ZENT TR NPP RSS2, IR, 78 CASA FEAIAYRCE Al NPP B AR A 5, Al 388 i Ak IR 52 mipks 2 4>
JEWFFE T 22—,

T 16 a TR EFH NPP 5 3.90 ¢ C m™ a” (BRI K X 52367 ZRAHaE) sk Xt P H
b BRI K 4 [ R NPP AR A3 A ST 45 AR , B 20 20 oK 7 51 S iR fh i A akA i il 21 40 FF
UG RS, T AR A 0 0 B b NPP 3R A5 P I B S ] R sk 4 Xl S it P 3R R bR R A %
ARG TRERA S, A, MRS fd /N AR R W, 7 Z L HE AR A R IR AL B R R
MR T 2E B AT A, AR ARk 5 X AR K S A 5 i e HL At DX T A R X T RE L
FUT H O NPP B AR A — RN SRR AR —2CYT, TR B NPP AR fLAY 35 20K 5l KR K
i M-SR A A, (0 R A ZE R [R] 2R A 3R AR A e 7 A7 7 22 5, HLrp i s Ji
R R R DA S VR S 5 ) YA ) A DG 1 e B R R ) S e, TS5 R K g e 1 S A e B I
PE X 5 AR 6 3R b 5 R 4 N R A e e R A BT A I 25 5, B — B4 1 R IR T e T
T LA i 2 W TR B AL R R A K 14 DR i R X O A e Ay B s R B v g S
DX 1) B SR 32 N R 3G st i e a, R SRR TS 45 B IR Sh 5 R 2 S0% AR ML X e — e AR 1 T3k
TR A ZS R GE NPP G5 i i g B0

4 %t

K CASA BB T 5 B 2000—2015 4F NPP, 7E KAl FAFSE T 5 NPP A I 25 A8 fL 4R 1E 43
B T H S SER TR B LA S5E . (1) CASA FERMESL A T H 5 M NPP 55000 NPP 2ZMC R R 15
0.93( P<0.01) , HXF 4415 22 K By 07 AR AR 2543 510 0.23 F1 2.35 /58 NPP 23 [a] /i 45 4E 5 MOD17 NPP i
AW E , CASA AR Ml m5 3 DI 34 REAS A HERA O AG 55 T S i NPP, (2) T E F 4R34 NPP y 148.28 ¢
Cm™a™ (HORFI RIS 22 R 16 a (9T E 5L NPP 4 F i ) B ss . (3) 7 E i NPP #%
PR 2 F R G 8, NPP 52 b T 9 32 A 5 80 2 it 2 Ji | 9 A ) R i R 1 B KR 0 B b 1Y
NPP AR L a3 A Besm R etk , HAR L9 [R) A AR 228 T I AR E . (4) T E F AR NPP S4EYR 0P
PR DG E Y, (H S AR R /K B A A DM i 5 A K Ze il NPP 5 B /K (1 AH G M A7 A IR TR) i I 1 (H 5 K
TAFAE 1A H BB a) i ek

£ 3R ( References)

[ 1] itz W4k, FEESE, BREOE. WA= JIn 4P Ed A5 R HAN TR, MY, 2001, 25(4) @ 414-419.
(27 #hEHA, FhECE, XI¥E, 0, BRBEEE, 38313 M, 2588, JET MODIS (9 E ¥ NPP 2 &AL A 25244, 2015, 35(4) :

1079-1085.
[37 XN, b, HaKoR, f KA. 2001- 2014 4F o [E A P 0 QAL 7= I S B AL R SRR R R. EBEM, 2017, 37(15):
4936-4945.

[ 4] Monteith J L. Solar radiation and productivity in tropical ecosystems. Journal of Applied Ecology, 1972, 9(3) . 747-766.
[ 5] Potter CS, Randerson J T, Field C B, Matson P A, Vitousek P M, Mooney H A, Klooster S A. Terrestrial ecosystem production: A process model
based on global satellite and surface data. Global Biogeochemical Cycles, 1993, 7(4) . 811-841.
[ 6] #Hhitle, Jrffizs, SEIREE. FIJH CASA BERUAGRIR EAR G4 A — M 7= ). R A 2524k, 2001, 25(5) : 603-608.
71 ORICR, WL, TRERK. b E ARSI A ORI S ARSI, 2007, 31(3) : 413-424.

http ; //www.ecologica.cn



12 G 39 %

[ 8] WiEfr, g, ZEEMk, Mafisk, #el, WAREFL, 50, ZE3CH. BT CASA BB ]t i X 55 s B v 5 — Mk A 7 ) B U 23
Je. BIAESR, 2007, 18(11) ; 2526-2532.

[9] #3E, 22208, FOYR, RuIH, XZE, EHIA. LU0 CASA BERIBE MR s IR B g A 7 ). HE AR 4%3E, 2015, 34
(8):2344-2352.

[10] ek, Wi, B, TR, JAfh, Z2de. It 10 FRss i AR S R G G Ak 7 ) KO 23 i JR B AR 5. Bl 2% 4, 2014, 23
(3): 39-50.

[11] 290, fafkis, skpkis, pha, A35AL, sRoEM. =ITIRS M ANPP 28RS AE RSN T MR F RmICR. hEH H2ER, 2017, 39
(3): 49-56.

[12] Zhao M'S, Running S W, Nemani R R. Sensitivity of Moderate Resolution Imaging Spectroradiometer ( MODIS) terrestrial primary production to the
accuracy of meteorological reanalyses. Journal of Geophysical Research, 2006, 111(G1): G01002.

[13] Zhao M S, Heinsch F A, Nemani R R, Running S W. Improvements of the MODIS terrestrial gross and net primary production global data set.
Remote Sensing of Environment, 2005, 95(2) . 164-176.

[14] ET¥, A, KB, 2000-2015 FFLBAE MBI AL P T 23 S0 AR IR B SRS K 28 A= 2524k, 2018, 38(8) ; 2754-2767.

[15] Faf, sKaEut, SHHAE, BREME, SMA, 285, B0 IX 2004- 2014 4EHIE NPP i 25 284k IR S 7. A5 2%41, 2017, 37(9) .
3084-3095.

[16] PBOGR, BRI, XA, TH KRG i GUREE F R N TR R, HRTEIAHR, 1989, 4(1) : 54-59.

[17] IRk, BRBESE, B0%, M. T B ARBOCHE IX (Fhith ) S AR /= e S A g ma Rz, Vi, 2007, 27(3) « 430-435.

[18] skEME, ulieh. TR MR BOE B AL B B A 1 s . Bk, 2005, 22(1) ; 18-21.

[19]  REH, 280, 20ME. TRRAFISGRET 55 MPRET SRR, HHEAR, 2012, 20(3) : 407-412.

[20] JEfh, R, WIS, BN, (i, 2Rk, 1982-2010 4F 1 [& R F 01 AL 7 = i 8 R SR EH R, A%,
2017, 37(13) ; 4335-4345.

[21] Field C B, Randerson J T, Malmstroem C M. Global net primary production: combining ecology and remote sensing. Remote Sensing of
Environment, 1995, 51(1); 74-88.

[22] Los S O, Justice C O, Tucker C J. A global 1° by 1° NDVI data set for climate studies derived from the GIMMS continental NDVI data.
International Journal of Remote Sensing, 1994, 15(17) ; 3493-3518.

(23] k8h, HEARIE. 8 IR DA R L AR AL I 25 22 S R oo . BEURAL:, 2011, 33(11) : 2143-2149.

[24] R3EFS, W22, BRAT, M. 2T CSCS Bk CASA BT iy o [ B b 2§ i) 2 A 7 A4, P EIVDEE ) 2014, 34(4) : 1150-1160.

[25] #MIE, Tk, B, M. PEBREAE Y SR MR A A A2, 2004, 28(4) ¢ 491-498.

[26] BAfede, BEEMR, ARFALE, SRkl BHEL PUAUMBIC B ARMBLASE — 2R P TR ZS R0 Al =2 MR 224l BSR4 R, 2009, 45(1) :
42-49, 55-55.

[27] ZERI, EWRF, T, A, Bk CASA BIMAE N &2ty w7 J A S b A B . AR S22k, 2007, 26(12) : 2100-2106.

[28] XBrhr, AR0C, WR/NZ, BEMM, BAML JEF WREF AU A CASA LAY 7 1 W AR A0 NPP AG 5505, vk £+, 2013, 35(2)
465-474.

[20] 2=, khpC, skoauk, XU/ JLJr JRUCSS B B AR B R I S R AE—— DL 7 B R B S ], ZRAEAMR L R 7 2# 4, 2016, 44(1)
48-51.

[30] ZEHSE, ALAE. SRR UL P DA RS, P ELARRE, 2016, 49(7) ¢ 1303-1314.

[31] #hRIE, RIGV-, Tah, ik, S8 I 30a SRR T EARB Y. [ ARTEIRA4, 2015, 30(12) : 2095-2106.

[32] BN, RN, AT, ER, E22 ERN, KT HEVEILH X K AR T R AR RE. AR, 2015, 35(5)
1359-1370.

[33] Chen YN, LiZ, Fan Y T, Wang H J, Deng H J. Progress and prospects of climate change impacts on hydrology in the arid region of northwest
China. Environmental Research, 2015, 139. 11-19.

[34] MHTR, #E, BRBOE, MkE, —8, M. BB xt 7 Z R A R R G RSE IR A AT, T XRS50, 2008, 22(2) : 65-69.

[35] B, ZEdle, e &, WO, BRZEJE. WSl S E S REEAE 10 4F NPP A4 25 L R L 5 R S6 &, FlL244i, 2013, 22(3)
6-15.

[36] hmesE, kD, FER, &%, §IH. LS FERE0RRI gL D R 2 2 R S AR TR R, PR AR, 2016, 37(4):
445-453.

[37] MBAR, Toth, G0, SR, HE17, SR, BOEKRRERSH 1A P i i 2 AR R SO BB R 70 0GR s 32=3k, 2016, 71
(5): 781-796.

[38] 4R, ki, R, ZEmebk, M. SRR S AE At 4 A R AR R I S5 ISR 2252441, 2009, 29(4) : 1859-1868.

[39] RJPF, HRHE, £ $hitd 2000—2012 AR L RILIRS) ). 4452441, 2015, 35(22) ; 7377-7386.

http ; //www.ecologica.cn



