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Quantitative Analysis of Changes in Net Primary Productivity and
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Abstract: [Objective] The Yangtze River Delta in China is recognized as one of the world’s most dynamic
regions, renowned for its rapid urbanization and economic vitality. The dynamics of ecosystem health and
vegetation productivity have attracted widespread attention. [ Methods] Using the remote sensing-based light use
efficiency CASA model, together with GIS spatial analysis techniques and statistical methods, the spatiotemporal
patterns and dynamic changes of vegetation net primary productivity (NPP) in the Yangtze River Delta from 2001
to 2024 were investigated. The Theil-Sen median trend analysis, Mann-Kendall significance test, and Hurst
exponent were used to systematically characterize the spatiotemporal variations and predict future trends of NPP.
The Thornthwaite Memorial model was adopted to estimate potential NPP (PNPP) , and was combined with

trend analysis to quantify the relative contributions of climate change and human activities. The coupling
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coordination degree model was employed to explore the response relationship and coupling coordination between
different land cover types and NPP. Additionally, machine learning algorithms combined with SHAP
interpretation were used to assess the interactions among various driving factors and NPP. [Results] 1) NPP
showed an overall fluctuating but upward trend, with significant spatial heterogeneity in the Yangtze River Delta.
2) Human activities contributed 41.96% to NPP variations, substantially exceeding the 16.98% contribution of
climate change, and played a dominant role in regional ecosystem evolution. Their co-dominated influence
accounted for 41.06%. 3) According to the coupling coordination degree analysis, cropland and grassland were the
land use types most closely coordinated with NPP. 4) Projections based on the Hurst exponent indicated that
future NPP changes in the Yangtze River Delta will exhibit significant regional divergence, with certain areas
facing potential risks of ecological degradation. 5) Machine learning and SHAP interpretation identified three key
factors influencing NPP: the normalized difference vegetation index (NDVD) , digital elevation model (DEM) ,
and nighttime light index. [ Conclusion] This study provides a scientific basis for sustainable development and
ecological restoration in the Yangtze River Delta, and offers important implications for ecosystem management in
similar urbanized regions worldwide.

Keywords: Yangtze River Delta; NPP; Hurst exponent; coupling coordination degree ; machine learning method ;

SHAP interpretation
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Table 1 Data sources
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E RS https: /www.tianditu.gov.cn/
DEM 30 m a SRTM Data-CGIAR-CSI SRTM
% H ¥ NDVI MOD13A1 500 m H 2001—2024 https: //ladsweb.modaps.eosdis.nasa.gov/search/
LUCC MCD12Q1 500 m a 2001—2024 https: /ladsweb.modaps.eosdis.nasa.gov/search/
ZH A ERAS 0.1° h 2001—2024 Climate Data Store
BH B ERAS 0.1° h 2001—2024 Climate Data Store
BH BRI  ERAS 0.1° h 2001—2024 Climate Data Store
NSRS 1 km a 2001—2024 landscan.ornl.gov/about
BT S 1 km . 20012023 https: /www.geodata.cn/data/datadetails.htm! dataguid=
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Fig.2 Spatial distribution characteristics of NPP classes (2001—2024)
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Fig.3 Types of NPP changes, Hurst exponent of NPP, and future trends of NPP (2001—2024)
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Table 4 Hurst exponent and proportion of NPP in
terrestrial ecosystems of Yangtze River Delta
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55 K 1 F5 2tk 0.35<<Hurst<<0.5 48.04
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[iiESE- 2 0.65<<Hurst<{1 5.70
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Table 5 Future trends and proportion of NPP changes in
terrestrial ecosystem of Yangtze River Delta
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Fig.4 Spatial distribution of ANPP 2001—2024
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ik B AR A3 A T WL AR AR R VS S & 1T T AR
5 N6 3 2 5 A9 NPP B Ak X 38 7 b 5.88%, 5 kb
AR, T B RPEAETLIAE T ES ALES 5 7R w38 5 & L
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g3k A £ 589 NPP IRk X 38,5 e 3.23 %, AU 7E /b %
DX S AF AE 3k 2 XA rh P VLA T AR S P
AN Ay R IR AR T AR AR S U T P VLR
B 28 LTI ALZ S AR W 325 NPP 2B fh X
BT AR K R 16.98%0 (U AR TE S m £ 7
NPP 28 4k X 3 i A & =/ 41.96 %, —F LM £

NPP 281k 5 [ 41.06 % , 7T = F H IX 58 N NPP 25 4k
MESHRREELB LK AW,
X6 ANPPo6MZT{LIESLLHI

Table 6 Proportions of six ANPP change scenarios

250 i/ %
A TR E 10.69
ANEED) F R E 36.08
SR AL AN TE S LR S ik E 37.83
A A = R Rk 6.29
AN = 5 1R 1k 5.88
SN B R S AR A 3.23

BT R R R 3 Y 6 Fp i IR 45 & Ag
537, NS % ANPP A X BTk Fe 51 >80 % 15 kb
I K, 0 48.50% , 43 A AEWF 58 X rf F 22 48 ik I 2 R
L AL T R R . H b AR B i R NPP
By & b 41,78 % , NG B 5 B NPP s A Y
bR 6.72 %6 5 Hok J& N 8T 2l AH X o1 ik L 41 <<20 %6,
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Table 7 Effects of human activities on ANPP changes and
their relative contribution proportions

NPP 2z 4, TTHR/ % e/ %

>80 6.72

60~80 0.79

Bk 40~60 0.63
20~40 0.53

<20 17.42

<20 5.59

20~40 9.02

= 40~60 9.99
60~80 7.52

>80 41.78

#x8 RMET{LXF ANPP AL B 8 3¢ 53 ik bk 61
Table 8 Effects of climate change on ANPP changes and
their relative contribution proportions

NPP 251k Tk /% e/ %

>80 6.73

60~80 0.53

EY 4 40~60 0.63
20~40 0.79

<20 42.80

<20 5.70

20~40 7.52

/&3 40~60 9.99
60~80 9.02

>80 16.29
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Table 9 Mean NPP and change rates of different land use types in Yangtze River Delta (2001—2024)

P 34 NPP/

B NPP/

A AL/ . . .
R 2 (g'm2-a ) (ga D) (gom?- H AL AR/ M
1 et/ % (gra™h et/ %

20014F 2024 4F 2001 4 2024 4F a

M 295.70  321.52 4.36 10" 6.00X 10" 25.82 8.73 1.64 X107 37.64
il 256.74  293.15 1.07 X108 1.08 X108 36.42 14.18 7.39X10° 0.69
T b 148.17  210.18 2.54X10° 4.33X10° 62.01 41.85 1.79 X 10° 70.42
A H 232.43  310.99 1.29X10° 1.65x10° 78.56 33.80 3.57X 10" 27.59
IR S X 163.77  204.53 1.22%107 2.53X 10" 40.76 24.89 1.32%107 107.99
W5 AR R A 230.84  301.74 1.98 X107 2.19 X107 70.90 30.71 2.17X10° 11.01
R 37.76 84.57 3.02X10° 2.58X10* 46.80 123.94 —4.42X10° —14.62
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38 015.75 km*Fat 4 ¥4 & = 2024 4 19 48 210.50 km?,
MHL ) CE (RGO FeL: B, DAE GRS Dh 8 D
SRR T TR s T R T AR U B AR D

http. // stbexb.alljournal.com.cn



344

PSRV R 3

840 %

M 2001 4F 1 108 000.25 km?3Z 4 T & & 2024 4F )
95 555.25 km?*, FHHE G OC R 2 B & A A P A
FE T W R A, C A U &4 T 1 w5 /K F |, {H 2015 4F
J& TAE CUMJE BED A D (B ¥ BT B 5 1 Hl AR A i
A5 Ak B #2001 4F SR 4 921.50 km?, 2020 4F ik
F| 6 145.25 km? (¥ 1§ {H )57 , 2024 4F [ % 5 984.00 km?,
Wby C. T . DEK AL TR K FE 20154F )5 T
B F1 D AE WS A b T e T T B3 (R 5 5 0 )5 W FH 1
e, 2001—2020 4F 2 #7620, 2020—2024 4F /N IF
[l 7+ % 136 349.25 km?, H: 5 NPP ) #5 & U0 I 56 &
o B %, CIH W 2R FE 5 K, TAE F1 DA 1E
2020 4F 3k B WA, 5 4% 11 AR BH A9 81 T ks S5Ok
I 5 3 R X T R R 4 W S G, A 2001 4E Y

19 497.25 km* K R34 hn 2] 2024 4E 1Y 32 726.25 km?, J&
A A B A E Y B AR P, ORI P R R S B
3 (H B AR R AR A #a A, CE 2848 EJF, T A D (%%
NI A RN E RN SR E 7 S N A XN RN
2001 4E 19 21 581.25 km?[& Z 2024 4 (1) 18 327.50
km®, P43 H A b 1) g B B — Ak 2 TR B AR () R
TR Bt A 1 T BOCHRE B DR OC R A RRUE , CEIE 3)
TR, 3 B19% 26 H Hb 5 NPP B9 A B4 58 B ik 2 ik
55, TAEH A DA B AT L THA R T P52 4 Hb i BLUEAR
A5 AL AN K, 2001 4F Sy 319.00 km?, 2024 4E [ % 212.50
kmn®, FLAH A B I8 A7 A0E 2R B A AR AR K - ) A 55 e s, 1D
i C.T.DEH K A T i LXK E, R AR5
NPP JL-F oA G i R AL TS A LT

F10 2001—2024 FE LR B EAR S

Table 10 Land use area distribution (2001—2024) km?
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Fig.5 Coupling degree, coordination degree, and coupling coordination degree between different land use types
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Table 11 Simulation results of different models
o I (gi“fji/,l)
LightGBM 0.851 23.001
Random Forest 0.869 21.551
XGBoost 0.858 22.419
Gradient Boosting 0.833 24.325
Artificial Neural Network 0.855 22.697
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