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Abstract: [ Objective] The aims of this study are to characterize the changes in net primary productivity
(NPP) at different time scales, and to reveal the impact of climate factors on vegetation NPP in Yellow River
Basin. [ Method] The NPP was estimated month by month using the CASA model from 2000 to 2020 based
on remote sensing data and meteorological data, and the trend analysis and partial correlation analysis were
used to investigate the temporal and spatial variations of NPP and its response to climate factors at annual
and seasonal scales. [ Results] The annual NPP in the Yellow River Basin showed significant upward trend
with a rate of 1.68 g/(m?” + a) from 2000 to 2020, and the NPP in the middle reaches was the highest and
grew fastest. The summer NPP was the highest and had the fastest growth rate, especially in the middle

reaches. Annual NPP was affected by precipitation most widely, accounting for 31.95% of the total area, and
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precipitation had a longer lag period than temperature and sunshine duration. The relationships between

precipitation and NPP in summer and autumn were mainly positive, with a ratio of more than 70%. About

75% of area showed that temperature and sunshine duration positively influenced NPP in winter.

[ Conclusion] Vegetation NPP in the Yellow River Basin presented obvious spatial heterogeneity and seasonal

variation, and the influence of climate factors on vegetation NPP had different lag periods. Therefore,

vegetation protection and restoration in the Yellow River Basin should be considered from both spatial and

temporal aspects.
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Fig. 8 Partial correlation coefficient and lag period of seasonal NPP and temperature
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Fig. 9 Partial correlation coefficient and lag period of seasonal NPP and sunshine duration

3 it i

2000—2020 4F 3 8] , 85 ] i A A B NPP 5
g LI AR B A T 246.84~292.46 g/m’ .
AR SCHEF CASA A A8 545 R wg = T EE-
el g g pk e 2 5 T MODIS NPP Y BIF5Y 45 5
X B T AR SO AR P T I N I DXL PN O X
FE#E NPP EEAL, H A% T 2 I 88 1k NPP K-,
SRR PR RSN T L A SO B BT SR g NPP AR

T B 5 2 (R RRAE 5 © W 95 45 SR 45— 3L

F B NPP 223 R F i sg i BA 25 22 k. M
AERE NPP K& , s3] LA g NPP 540 A H IRETHC
P Ry 1E A 56, B R A b T A A TR A X
I AR B3I A TR A A TR, E 2 N2 B0
THEH A, A PR I 1 385 0 R 8 A 2500 2 R A K
A B NPP SRk KB B R, 8T
L i e XU AR v AR R L M NPP R T 2 B K Y
Wi LA AR o 34 52 BT b 3 S . v i 2 4 v i DX 1 A



5 439

O 4 2 45 B T 20 T 1) RUE G T O S NP R 235 e i K HE o A A0 A8 1 Y i i 221

NPP 5K IEA G, 22 K Ry 1% i DX 00 T 4, 13
7K R AT o A B X R K A SRR AR R . TP L Ui
X 5 H BB AV 2 A DGO R L i X 2
it DX, A NPP 32 R A A 4 J 30 10 52 w8 AT
N T AE B NPP 5 0URAESG % 2 G,

Gy ETORT AR AR 2, v 2 IR H BRI
K 4 52 ) R A A, o R K AR R R R A 5 L R
AR XA 2 NPP X il B R R H IR SR R
Fr. R M XA NPP SR H AT R E 2
I AH 56 R, 322 RN O % IR AR o A AT
PN HE A i A7 SRR A I R K 2L Al DU K
H B KA B FARIED MK . SRS iz X B
NPP & AH5C, W MR . R W+ KRR T8
PR AR AT R AR B AR SR BRI AR . T U X R
M IE A 42 JEAE B NPP (38 hn . £ 5 P % 4
B NPP 55 K i 56 2 DL IE AH 56 5 4 5 0 3, [ 7k 3
Z W E IR A NPP 50 19 6 A ¢
KR T R R 2R, 322 R Ok AT AT
AR S e B S SRR R R R R B AE K
BHARGE . BT R AT AR, AR R H R
KA B NPP 32 B2 32 80k 1F [ 520

B Sk A A A E 55 AR A 5 52 AN R S A%
PERNZEIE SIS . A2 0 BRI R AR SCAUER S T AR [
A [R] ROBEAEL B NPP [ i 25 A8 A REAE B X6 3 7K A=l AN
H R 8 e 7 A B 3 — 25 )8 3 A K BH 4 5 L 78
R A H A S DR DL R N 230 Bl % A8 B NPP i 52
Wi, HAh AR R NPP 22 585 K, R SR F 58 6+
0 43 BT 00 SR A AR TR 3 AT R A R
NI B A [A) M B2 A NPP A 5% i) 7 5 L ol 3 3]
TR SR 5 o R SRR SRR A

4 &R

(1) BFFEIA P L 3800 0 A M g NPP 2 81 L T
B AR b S R i AU AR i PR AR R SRR AE L AR
L IX 35, 0 A 7 T IR XL S b X (X R
2L ARV R R LB PG S L 1L T R P

(2) M9 NPP Z= 95 FRAE B &, & 2% NPP {H i
B A AE NPP MY 60% L B, A B, 7 NPP
F1hy 18 K S e DR o A VT v i M X

(3) 4FBE NPP 5N F FERI N IEHC,
W 7K 5.3 1F 1] 5% Wil A B NPP R IX I8 9 el e ) 3
A3 A FE EVE 6B Y B IR X R K X R Bk NPP
S 1) ¥ i 30038 3k 4 T ACTRURT H R G

(4) H Rk ZE % K IE [n] 52 Wi AE g NPP 1) X 35k
Iz BEA A AR AT A R X, SR H R
I IE [ 52 0 4 2 A8 g NPP B X048 K, 87 T
B R E ALK, SR R S ZE T NPP s 5
FHEHO0~3 DA,

% % 3T B (References) ;

C1] W&, 38055, 4% %, 8. 20002015 4F 7 8 5L A 4

NPP i 25 AR A A Jmy B X A A8 A iy iz [T . A 98 %
P54 ,2020,35(10) :2511-2527.
Chen ST, Guo B, Yang F. et al. Spatial and temporal
patterns of NPP and its response to climate change in
the Qinghai-Tibet Plateau from 2000 to 2015[J]. Journal
of Natural Resources, 2020,35(10) :2511-2527.

(2] AT, kS = S PEAE RIH CASA 5 8k 35 3% [ 4 bk

HEE— A [T A A 3 244, 2001, 25 (5) : 603~
608,644,
Piao S L., Fang J Y. Guo Q H. Application of CASA
model to the estimation of Chinese terrestrial net
primary productivity [ J]. Acta Phytoecologica Sinica,
2001,25(5) :603-608,644.

[3] Field C, Behrenfeld M, Randerson J. et al. Primary produc-
tion of the biosphere: Integrating terrestrial and oceanic
components| J]. Science, 1998,281(5374) :237-240,

(4] WG, 5 XS R E R A S R SR L)

(NPP) B 28 43 A5 R Hox A5 A8 £ 14 o o7 B 52 2 38 [T .
AR 2020,40(14) :4710-4723.
XuY Q, Xiao F J, Yu L. Review of spatio-temporal
distribution of net primary productity in forest ecosys-
tem and its responses to climate change in China[]].
Acta Ecologica Sinica, 2020,40(14):4710-4723.

(5] XURG, KA 16 4F 7 ifF @& B A 8 NPP B 25 4% Jm) 28

RS S N R E g [)] A5, 2019,39
(5):1528-1540.
Liu F, Zeng Y N. Spatial-temporal change in vegetation
Net Primary Productivity and its response to climate and
human activities in Qinghai Plateau in the past 16 years
[J]. Acta Ecologica Sinica, 2019,39(5) ;1528-1540.

(6] ZEipsE, A3, E b, 55 S A8 AL RN 205 3 0 4k

B A A g Rz L) ] B X B, 2022,
45(4):1186-1199.
Li SY, Cong S X, Wang R R, et al. Effects of climate
change and human activities on net primary productivity
of vegetation in Yanchi County[J]. Arid Land Geogra-
phy, 2022,45(4):1186-1199.

[7] Nemani R R, Keeling C D, Hashimoto H, et al. Climate-
driven increases in global terrestrial net primary produc-
tion from 1982 to 1999[J]. Science, 2003,300(5625) :
1560-1563.



222 P/ S S 531 %
[8] GuF X, Zhang Y D, Huang M, et al. Effects of cli- [15] a3 FIEW ., LW, 55, 5 T I 3R g NPP A 25 A48
mate warming on net primary productivity in China Al B X6 7K B 2% 44 AR Bk 18 KGR BT R St A MR L
during 1961—2010[]]. Ecology and Evolution, 2017,7 (1.4 4%, 2023(2) : 15-20.
(17) :6736-6746. Xie Y L, Xia Z Q, Wang T, et al. Temporal and spa-
(9]  EWIWE . 4R Ll , A FCHL , 55 J T CASA AR A 15 35 35 58 tial variation of vegetation net primary product and its
VoL B NPP AR L K B 25 4 dr (). K B AR R 5, response to hydrothermal conditions and grain for
2020,27(2):165-171. green project in the Yellow River Basin[ J]. Bulletin of
Hou L L, Yin S, Du W L, et al. Simulation and spatial- Surveying and Mapping, 2023(2) :15-20.
temporal analysis of vegetation NPP in Hunshandake (167 Jita VAR, 8 Ha P, 78 5 . 8 0] It Ju 5 Hb v 4 2% A 72 sk
sandy land based on CASA model[ ]J]. Research of Soil 2S5 S SR IR S HLHI ) . A 24 4R . 2023,43(2) : 731-743.
and Water Conservation, 2020,27(2):165-171. Shi Y L., Cao Y P, Miao S L. Spatiotemporal dynam-
[10]  FMAUE G A 3L T M BREE N 2% 1) = B & G 0 S A 77 ics of grassland net primary productivity and its driv-
Fimhas AR R R R [ A A sk Je ik, 2021, 40 ing mechanisms in the Yellow River Basin[]]. Acta
(12) :3836-3848. Ecologica Sinica, 2023,43(2):731-743.
Sun Z ], Xie S Y. Spatiotemporal variation in net primary [17]  akdn AR 22k, ok 2% 5l . v8 Tl I SgUAR B v 90 9% A 7 X
productivity and factor detection in Yunnan Province TR ZE Rk /9w N[ 7K A K B 4% R (3 S0,
based on geodetector[]J]. Chinese Journal of Ecology, 2022,53(9) :57-69.
2021,40(12) :3836-3848. Zhang R, Song X B, Zhang ] X. Spatiotemporal responses
[(11] B, 5k A8, 288, 5 S sk 5 A 816 3 %) o (1 of vegetation net primary productivity to drought/evapo-
VG b P et 00 I e A B v S A TR B e 1Y) 8 R e i transpiration in the Yellow River Basin[J]. Water
I 22 K22 i . B AR B2 W, 2022,58(5) :650-660. Resources and Hydropower Engineering, 2022, 53
He X Y. Zhang F P, Li L, et al. Quantitative analysis (9):57-69.
of the impact of climate changes and human activities (18]  E vk, hMET, BB, 453K 20 4F Bl it o Bk v 91 %
on the NPP of vegetation in the inland river basins of HE T T B 28 43 AT B R AR g R AR Ak B s g g [T .
northwest China[ J]. Journal of Lanzhou University: K AR FHF 5T .2023,30(2) :256-266,284.
Natural Sciences, 2022,58(5) :650-660. Xia B, Ma P Y, Xu C, et al. Spatiotemporal variation of
[12] ®%IR KD SR AN 236 3 %5 A NPP and its response to extreme climate indices in Yellow
EINEE AR SRR D ERE W] AES River Basin in recent 20 years[ ]J]. Research of Soil and
4% ,2023,43(5):1784-1792. Water Conservation, 2023,30(2) :256-266,284.
Yang A L. Zhang X P, Li Z X, et al. Quantitative analysis [19]  BRig. Wiz ih . TEIA, 8.2001—2010 4F ¢ ) 9 d8 2
of the impacts of climate change and human activities on RGO 5 — M AR 7 07 AR A B R R R BK B
vegetation NPP in the Qilian Mountain National Park HrLI D07 AR 25254, 2014,25(10) : 2811-2818.
[J]. Acta Ecologica Sinica, 2023,43(5):1784-1792. Chen Q, Chen Y H, Wang M J, et al. Change of vegeta-
[13]  FI1B AT, 3405, 55 80 M Al g gk 5= h tion net primary productivity in Yellow River watersheds
I 28 EAE K F AR AKX [0 ). v R P 8, 2021, 41(6) from 2001 to 2010 and its climatic driving factors anal-
213-222. ysis[J]. Chinese Journal of Applied Ecology, 2014,25
Wang J, He H J, Dong ] F, et al. Spatio-temporal (10):2811-2818.
distribution of vegetation net primary productivity in [20] o ERL B Hp A B R g i 2% B & P AR N R SE AN
the Yellow River Basin in 2000—2019 and its natural A = 1000 000) [ M].db 5 H#5 H Rt , 2007,
driving factors[J]. Journal of Desert Research, 2021, Editorial Board of the Vegetation Atlas of China, Chinese
41(6) :213-222. Academy of Sciences. Vegetation Map of the People’ s
[14]  MWEEE, P PE B B 55.2000—2015 4F B i 35 Republic of China(1 : 1 000 000)[ M]. Beijing: Geology
W) DA 77 7 B 23 AR AR AR AR B LR B I [T K Press, 2007.
TR S, 2019,26(2) :255-262. [21] Running S W, Thornton P E, Nemani R. et al. Global

Tian Z H, Zhang D D, He X H. et al. Spatiotemporal
variations in vegetation net primary productivity and
their driving factors in Yellow River Basin from 2000
to 2015[J]. Research of Soil and Water Conservation,

2019,26(2):255-262.

Terrestrial Gross and Net Primary Productivity from
the Earth Observing System[M]// Sala O E, Jackson
R B. Mooney H A, et al. Methods in Ecosystem
Science. New York: Springer New York, 2000.
(F#% 232



232

= T S 0/

o531 %

(22]

(23]

[24]

[25]

[26]

[27]

2020:3156460.

G B AR P E LA AR E S
R H R LUk L,2003,25(2) :135-142,
LiD L., Wei L., Cai Y, et al. The present facts and the

(28]

future tendency of the climate change in Northwest
China [ J]. Journal of Glaciology and Geocryology,
2003,25(2) :135-142.

A L A5 k. o G 5 T 5 X 3 0 R L 1y B
SHTLI] A% 2% 4] ,2001,59(6) : 737-746.

Ma Z G, Fu C B. Trend of surface humid index in the

[29]

arid area of northren China[J]. Acta Meteorologica
Sinica, 2001,59(6):737-746.

Zou X K, Zhai P M, Zhang Q. Variations in droughts
over China: 1951—2003 [ J]. Geophysical Research
Letters, 2005,32(4):353-368.

eSS Bk, XU HE L 55,1960 2012 4F TR R T RS A8
6 Joy B i PR 2 L 1. K 3 5%, 2016,31(1) : 120-127.
Zhang Y Z, Zhang B, Liu Y Y, et al. Spatial and tem-
poral pattern of strong drought and its influence factors
in Ningxia from 1960—2012[J]. Journal of Catastrop-
hology, 2016,31(1):120-127.

o9 EREING] Qi R/ O S s el e i o A e 7 =i e
IR F R X M, 2022,45(3) :671-683.

Yao X Y, Zhang M ], Zhang Y. et al. New insights
into climate transition in Northwest China[]J]. Arid
Land Geography, 2022,45(3):671-683.

X258, B 3CH, R FE P EGI XA T R s
HARRFIE L) ] K B Sk TR 241, 2022, 33(1) :86-92.
LiuYY, Mao W], Li S Q, et al. Spatiotemporal evo-

lution characteristics of meteorological droughts in

[30]

[31]

[32]

Northwest Chinal J]. Journal of Water Resources and
Water Engineering, 2022,33(1) :86-92.

BN AL R B ST SPTRE B T E il T B
M 1960—2012 4F T R AFAEBF 5T [T ] 1 5 4 X ARl oF
5% ,2017,35(2) :255-262.

Hu Y, Du L T, Hou J, et al. Drought characteristics
in arid zone of middle Ningxia from 1960 to 2012 base
on SPI index[]J]. Agricultural Research in the Arid
Areas, 2017,35(2) :255-262.

TRURAL , 227 E AR FE KR IO 5 8 B0 £ e
07 ¥ B R EM AL R AL R0 RS 27 Rk . 2007,
Zhang ] Q, Li N. Quantitative Methods and Applica-
tions of Risk Assessment and Management on Main
Meteorological Disasters| M. Beijing: Beijing Normal
University Press, 2007.

R, JEZE- A % 5 AR AE B T 1961—2010
AT BB OH A A O3 A R AR AR AL LA LT D v
#,2013,33(5) :1552-1559.

LiS S, Yan ] P, Yang R, et al. Spatial-temporal char-
acteristics of drought and flood disasters under the
background of global warming in Ningxia in 1961 —
2010[J]. Journal of Desert Research, 2013, 33 (5):
1552-1559.

e S 3 B S b IR N ll == W @A s e A AN
AR, 2021,41(3) :1021-1031.

Zhao J Q, Zhang Q, Zhu X D, et al. Quantitative assess-
ment of drought risk in China[ J]. Acta Ecologica Sinica,
2021,41(3):1021-1031.

B A I 55T B R A X T Rk e
B Pk I 25 A8 AR AR AE [ ] ], R 5 2%, 2015, 30(2) :89-93.
Tan C P, Yang J P, Yang Y, et al. Spatial-temporal
variation of drought hazard in Ningxia Hui autonomous
region, ChinalJ]. Journal of Catastrophology, 2015,30
(2):89-93.

IQVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVOVAVAVAVAVAOVAVAVAVAVAVAVAVNYS

(L% 222 7

[22]

(23]

[24]
SRR R MG TR AR K R R B A A 7
BRG] AE Y A A5 2A 2007, 31(3) :413-424.

Zhu W Q. Pan Y Z, Zhang ] S. Estimation of net primary
productivity of Chinese terrestrial vegetation based on
remote sensing[ J]. Journal of Plant Ecology, 2007,31
(3):413-424.

A AL A, AR P R RO R 2k
78 A B X AR 2 A8 1 5% A [T, 31 4= 4R L 2018, 73
(3):395-404.

Zhao J, DuZ Q, Wu Z T, et al. Seasonal variations of

[25]

day- and nighttime warming and their effects on vege-
tation dynamics in China’s temperate zone[ J]. Acta

Geographica Sinica, 2018,73(3) :395-404.

TRACTN AR R AT S 30 4E SR AR DR M X
e b A S o A b B o 1 [ ], B AR 4R L 2011
66(1):47-58.

Zhang G L., Xu X L, Zhou C P, et al. Responses of
vegetation changes to climatic variations in Hulun Buir
grassland in past 30 years[J]. Acta Geographica Sinica,
2011,66(1) :47-58.

WO AR E L S, 5520002020 4T VY R M XA B
NDVT i 2 A3 4 K 3% s LA #R 52 [T 1. 3R BT 2, 2023,
44(1):323-335.

XuY, Dai Q Y, Huang W T, et al. Spatio-temporal
variation in vegetation cover and its driving mechanism
exploration in southwest China from 2000 to 2020 []].
Environmental Science, 2023,44(1) :323-335.





