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Spatiotemporal dynamics of grassland net primary productivity and its driving

mechanisms in the Yellow River Basin
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Abstract: The Yellow River Basin ( YRB) is a sensitive area for ecosystems. The grassland ecosystem in the YRB has
changed significantly under climate change and human activities. Combing with multi-source remote sensing images and
meteorological site data, we estimated the grassland net primary productivity (NPP) in the Yellow River Basin from 2001 to
2018 using the improved CASA model in this paper. After quantitatively evaluating the accuracy of simulated NPP data, we
analyzed the spatiotemporal dynamics of grassland NPP and its responses to climate changes and human activities in the
YRB. Results showed that 1) the improved CASA-based model could simulate the grassland NPP in the Yellow River Basin
with high precision. 2) Grassland NPP in the YRB showed an increasing trend from 2001 to 2018, with a sudden change in
2013. Climate and human activities contributed to the increase of grassland NPP from 2001 to 2013. After 2013, the effect
of human activities inhibiting the increase of grassland NPP increased significantly, and the area of the inhibited area
increased by 34.89% over the previous period. Overall, the influence intensity of human activities on grassland NPP was
lower than that of climate factors. 3) Change of cropland and built-up land area was the important human activity that drove
the dynamics of actual NPP. The increase of cropland and built-up land closely related to the decrease of grassland area and

the reduction of increase rate of actual NPP. With the development of the economy, the “Grain for Green” program should
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be persistently implemented, and the supervision of grassland ecological protection should be strengthened.

Key Words: Yellow River Basin; net primary productivity; CASA model ; climate change; human activities
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Fig.1 Geographical location of the Yellow River basin and distribution of land cover types in 2018
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Table 2 Comparative analysis of the annual average values of CASA NPP and MODIS NPP

bg fﬁmilﬁ/ﬁ%&%ﬂéﬁéﬁﬂ 'j'J(CASA NP.P.) - Bﬁ'ﬁE{E(MODIS NPP) (i
Year Simulated actual net prlmary_ prn_duclwlty Verification Value_( M_ODIS NPP)/ Difference value
(CASA NPP)/(gC m™2a™!) (g€Cm2al)

2001 165.57 180.44 -14.87
2002 239.79 220.08 19.71
2003 253.44 223.52 29.92
2004 249.96 225.20 24.76
2005 231.89 214.70 17.19
2006 232.53 226.03 6.50
2007 241.82 223.89 17.93
2008 248.50 234.18 14.32
2009 247.79 234.61 13.18
2010 239.03 245.91 -6.88
2011 239.76 226.75 13.01
2012 261.65 263.71 -2.06
2013 247.51 273.96 -26.45
2014 276.32 263.92 12.40
2015 247.00 248.68 -1.68
2016 258.91 278.62 -19.71
2017 262.62 260.95 1.67

NPP . #§+¥] % E 7 J1 Net Primary Productivity; CASA NPP . CASA BEUBLHLIT R AE ™ J1 Net primary productivity simulated by CASA model;
MODIS NPP : MODIS 2% 4= 7= J7 Net primary productivity based on MODIS data
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A%, XF PNPP 47T MK 28728 5347 S0 B I OB AR W 90442 72 77 PNPP 7E 2013 4F & A58 28 (81 3) , Bl ANPP
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Fig.4 Interannual change trends of NPP in grasslands of the Yellow River basin
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Table 3 Definition of ANPP change drivers mathematical analysis method
FRIRIE X % HRIRIE X W%
Comparison type definition Driving factor Comparison type definition Driving factor
Sa > 0 Fl ISpl > IShl SR B ANPP A CAT) Sa < 0 Fl 1Spl < IShl NZEE A 2 530 ANPP 35/ (HAR)
Sa >0 I1Spl < IShl MK BN E S5 ANPP 31 ( HAT) Sa=0 ANPP AL (NV)
Sa < 0l I1Spl > IShl SARINE S5 ANPP Ji/b (CAR)

Sa: S BREHIGLAE T I3 102 {LEZE Slope of actual net primary productivity; Sp: T 7EIFHIZLA ™ J11 7 fLH 5 Slope of potential net primary productivity; Sh: Ay
RGBT J110 7B AEEZE Slope of human net primary productivity; ANPP; SEBRIFHIIZA: 7 J) Actual net primary productivity; CAI A% % FE ANPP 34l Increase
in ANPP due to climatic factors; HAT; AZ&TG 31K Z S8 ANPP 34, Increase in ANPP due to human activities ; CAR ; "% K % 52 ANPP &>, Decrease in ANPP due
to climatic factors; HAR ; A& 51K % 55 ANPP 82>, Human activities contribute to the decrease in ANPP; NV; ANPP 7254k, ANPP no change

& 5 AT LS . 2001—2013 45 ANPP 3G Hor iy A0 K R S 20 ANPP 3900y X885 51.63%,
i AZKIN K S8 ANPP B hn (19 X 35,5 41.03% ; ANPP /0 X 38,5 7.34% , AR R S 1 4.37% , \2EIG S &R
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Fig.5 Distribution of drivers of ANPP change from 2001—2018
CAT, S fiE X F30 ANPP $47l, Increase in ANPP due to climatic factors; HAT: AJ&TH 3 Z S50 ANPP #4l, Increase in ANPP due to human
activities; CAR ; & H 2 S50 ANPP 3820, Decrease in ANPP due to climatic factors; HAR ; A J4 1% 3l [l 25 S 30 ANPP 870>, Human activities

contribute to the decrease in ANPP
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2001—2018 4F[H] , FE] i B K i 3 mE # (B 6) , 3% H 2.94 mm/a, HTE 2003 4 ik 2] fi KAE
(593.76 mm) ,2001 4FiEF e/ ME (417.01 mm) ; IRIREIEIE R FARHE AN 0.17 C/10a, T 2013 ik
F I KAA (4.839C ) . 2001—2013 4F[A] ANPP 557K 2 IEAH G Z 09 K35 W 5% X 3R TR 97.79% , 8 3%
IEAHSEIX IR b 45.01% , A5 R X35 H 2.21% (1 7) ; ANPP 53030 52 1F A 56 56 £ 19 X 3k 2 o iF 7% 1X
BUETHAR Y 29.87% , A GO R I X320 15 70.13% , Hor it 2 A AH G IX 324 3.39% (&1 7) 52014—2018 4F
1] ANPP 5[ 7K 52 IEAH G OE R B X8 Y 79.08% , I 3 1IEAH I X382 5 14.09% , 7 AHIE X35k 15 FE 20.92% , 3%
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Fig.6 Temporal distribution of annual mean temperature and annual precipitation in the Yellow River basin from 2001—2018
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Fig.7 Correlation between ANPP and precipitation, temperature, and their significance test results
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433 AZKIEZIXT NPP (1500

ST NPP (2R R , AT S0 S5 it R A] 2200, 4n € A3 B9 3% B A b 1 AR AR Ak |5
PR FER AL B R R A2 NPP BB AT Sh B R A SO T80 i sk 47 4 b R /7 35 4
PEHORL, 731 2001—2018 AFE BT At b, Bk AR B2 HEHXT NPP #5200

BT b g DX R BRI PR T AR A B S X e, A 8 I e 2001—2018 AFEAS [A] b F 2
RY ) TR FRAR B o3 A1 A8 Ak S 6 4 BTk 2001—2018 41 A b R B 4% B8 6 W ] 241, 2001—2013 4F [H] 85 T] Y0 3 B
b T AR PR D, 2014—2018 4[] R0 AR A s 3 22 #a # ;2001—2018 4 4= A FH 2 RY (R e 4 32 22 e 2R AE
ST A | B R R L A A 2 AR 2 ) R o AR 2 B T AR R R BT R M, AR
G 3k A T 2013 4R 2Z 5 SRR . 2012—2018 45 (] 36k 7 A1 A5 FH b S b 52 3048 i
e HHFHLZE 2005—2013 A (B34 s S sk 3ok s A 1 b T 2013—2016 AFTHIE I, 55 A1 2 1] 37 dok 7 1
AR/ | 2014—2018 4F ANPP B4 545 2001—2013 &A%, AN i% 3h3Ksh ANPP Jsi/ i o5 eI 4
T 3k — W G U B AR T R A 1A FH b S B b M T AT G e R ) A K

4 FHiMFE 2001—2018 £ + 3t ) B R km?
Table 4 Transfer matrix of land use in the Yellow River Basin during 2001—2018

2018

2001 Fh I T R 1 Bl bis: He PIRLS it
Bl Grassland 686031 376.32 33492.5 13798.4 752.64 250.88 734701.7
Umrg iﬁ%ﬁ?ﬁp 125.44 8780.8 878.08 9784.32
#HHH Cropland 9408 627.2 181386 2759.68 2508.8 196689.7
A Forest 2634.24 39262.68 41896.92
HE Others 9909.76 125.44 23708.2 33743.4
JKAR Water 2885.12 2885.12
J3T Total 708108.4 9784.32 215882 55820.76 26969.64 3136 1019701
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Fig.8 Interannual area changes of different types of land use in the Yellow River basin from 2001—2018
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