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implementing scientific governance decisions for cropland resources. This paper constructed an assessment framework for
cropland ecosystem services and analyzed the trade-off/synergy relationship, dominant drivers, and their threshold
characterisites in the Yangize River Delta region ( YRD) from 2000 to 2020. The InVEST model, Spearman’s correlation
analysis, root-mean-square error, and GBDT methods were used. The results showed that; (1) From 2000 to 2020, grain
production in the YRD continued to improve, with core areas distributed in the central and northern plains. Water yield
service and carbon sequestration and oxygen release both showed a decreasing and then increasing trend. Their spatial
distributions were characterized as “high in the south and low in the north, high in the east and low in the west”. The
amount of soil retention continued to decline, with high values concentrated in the forest ecological barrier area in the
southwestern part of the country. Cultural and recreational service showed a continuous growth, and the distribution of high
values changed to a pattern of “large concentration and small dispersion” , and the ecosystem services of cropland showed
the direction of development of leisure and living. (2) The trade-off/synergy relationship of cropland ecosystem services in
the YRD exhibited significant spatial and temporal heterogeneity. Temporally, it was generally characterized by the
weakening of trade-off and the strengthening of synergy, and the trade-off/synergy relationship changed in intensity or even
reverse in different periods. Cropland in the YRD brings ecological risks while improving agricultural efficiency. With the
transformation of cropland use and the development of agricultural modernization, cropland shows a trend of comprehensive
optimization of food production, ecological value, culture and recreation. Spatially, due to different natural conditions and
economic levels, the production capacity of cropland and the level of factor input vary widely at the spatial level, so that the
overall trade-offs between ecosystem services are manifested in two distribution patterns; high in the north and south, low in
the middle, or high in the south and low in the north. The overall improvement in the technology and capital inputs of
cropland production has contributed to a further narrowing of the intensity of trade-offs across the region, and the
characteristics of cropland development in different regions have gradually come to the fore. (3) The contribution of
cropland resource endowment to the trade-off intensity declined in 2000—2020, and the contribution of socio-economic
factors increased substantially, with light conditions, agricultural policies and urbanization level being the key factors affecting
the trade-off intensity of cropland ecosystem services, showing a non-linear change characteristic of the existence of a threshold
effect. With the passage of time, the threshold range of light duration generally remained unchanged at 1800—2000h, and the
thresholds of cropland replanting index and urbanization rate showed an increasing trend, in which the cropping intensity
increased from 1.3—1.6 to the range of more than 1.6, and the urbanization rate from 40%—60%. The trade-offs among
ecosystem services overall weakened when the threshold was raised to near 80%. In order to promote synergistic development

among cropland ecosystem services, it was necessary to control the driving factors within a certain threshold range.

Key Words: cropland ecosystem services; trade-off and synergy; driving factors; threshold effects; Yangtze River

Delta region
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Table 1 Data source and description
eI R Eiipus
Data name Source Description
R REIEVE ke e R A e B - PR i
A , 30mx30m
Land use/cover (http://www.resde.cn)
DEM £ o B B BRI SRR A R P A
DEM data (http://www.resdc.cn) A 30mx30m
I HE G e
Soil data (http://data.tpdc.ac.cn/zh-hans ) B Tom> L

H— AL B (NDVI)

Normalized difference vegetation index

[ K

Precipitation

R i g

Grain production statistics

TE P ASE
Road traffic data
PNE R i

Spatial distribution of the population

Al SRR A,

Agricultural-related points of interest

o ) 2 I B IR PR SR R R P
(http://www.resdc.cn)

b E GRS R 55
(http://data.cma.cn/)
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JAIGINN [RING S SR WA R e
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Fig.1 Trade-off relationship of cropland ecosystem services
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Table 3 Selection of drivers for the cropland ecosystem services trade-off intensity
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Criterion Dimension Indicator Description Unit Data source
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Cropland resource Jt SEIR A AF H BRI h RSB I (http://
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= ] 5 75 A e JE AR 2 R o0
K KK PRk m (https;//data.tpdc.ac.cn)
ML LIAT e
Socio-cconomic page o BT ez n 55
factors Tt
L I R L Y T %G
. - A bR DI Y A5 Bl ) LI e
Bl AL RV 3N T 0291 kW HZ g0t R
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illixta B Hb S Fh e 2L B R SRR 2L R TR % 1A EMRARZH R
JER AR BOR
3 HBRSH

3.1 HHAES RGNS s ARk

1 [l 2 A& 4 RIAT,2000—2020 4K = A XA AR A P2 F{E A 2000 4F 1 1.39 v/hm* 39 E] 2020 4F
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Table 4 Descriptive statistics of cropland ecosystem services in the Yangtze River Delta region from 2000 to 2020

[ R/ (J8/hm? )

4E0y REA T/ (1/hm?) 727K 55/ mm . +IERE/ (/hm?) SCARB R
O . . Carbon sequestration . X . .
Year Grain production Water yield Soil retention Culture and recreation
and oxygen release
2000 4 1.39 576.60 22600.06 277.45 11.54
2010 4 1.93 471.98 21034.43 136.35 12.48
2020 4 2.37 560.43 23397.60 87.30 13.72
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Fig.3 Correlation analysis of cropland ecosystem services in the Yangtze River Delta region
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Fig.4 Spatio-temporal patterns of cropland ecosystem service trade-offs in the Yangtze River Delta region
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Fig.6 Response of cropland ecosystem service trade-off intensity to key drivers in Yangtze River Delt region
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