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Abstract: [Objective] As China’s urbanization enters a stage where central cities lead the development of
metropolitan areas and urban agglomerations, how to promote the coordinated development of urbanization

and ecological environment in metropolitan areas has become an important issue for high-quality urban
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development. Research about the spatiostemporal response of ecosystem services to urban expansion helps
to characterize the spatial and temporal evolution of urban development and ecosystem services, promote the
synergistic development of cities and ecosystems, and help formulate and implement sustainable planning
strategies. [Method] Taking Jinan metropolitan area as the target area, we studied the spatial and temporal
characteristics of each city’s expansion based on the urban expansion index calculation, evaluated the
ecosystem service value based on per unit area, and analyzed the temporal and spatial differentiation
characteristics of ecosystem services. Furthermore, we studied the spatiotemporal response of ecosystem
services to urban expansion of the Jinan metropolitan based on GTWR. [Result] (1) From 1980 to 2020,
urban expansion of the Jinan metropolitan area was characterized by time series and regional differentiation.
The urban spatial expansion rate and intensity were sorted from high to low as small cities, large cities,
megacities and medium-sized cities. (2) The overall ecological service value within the urban area was
showing a decreasing trend year by year. The mainstream of the Yellow River, Dongping Lake and its
surrounding areas, and mountainous area in central Shandong Province of eastern China were important
areas with high value of ecosystem services. The proportion of synergistic relationship in metropolitan areas
was slightly lower than that of trade-off relationship, with megacities accounting for the highest proportion.
(3) Urban expansion in the Jinan metropolitan area had a negative impact on ecosystem services, while the
intensity of negative effects decreased year by year. The impact of urban expansion on the functions of
ecosystem services of different subcategories was significantly different. Specifically, urban expansion has a
negative impact on supply services and support services, while the intensity of impact on supply services is
increasing. Urban expansion has a positive impact on regulation services. The impact of urban expansion on
cultural services has two sides and differs significantly in different areas. [Conclusion] We clarify the
distribution pattern of spatiotemporal variation of urban expansion of different cities in the Jinan
metropolitan area, and further analyze the development state of gradual deterioration of ecosystem services
during the study period. Based on the GTWR model, we quantify the different driving characteristics of
urban expansion on ecosystem services at the spatial level. The results can provide a decision-making basis
for the high-quality sustainable development of metropolitan areas.

Key words: urban expansion; ecosystem service value; tradeoff and synergy; spatiotemporal geographically

weighted regression (GTWR); Jinan metropolitan area
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Tab. 1 Basic situation of Jinan metropolitan area cities
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Tab. 2 Equivalent factor table of ecosystem service value of Jinan metropolitan area CNY/(ha-year)
ok 7 St e ik sy PR S SCHEIRSS SCAGIR 55
Land use type Supply service Regulation service Support service Cultural service
YIS "/ GIeN
Primary Secondary FP RMP WRS GR CR EP HR SC NCM MB ALS
classification  classification
it
992.10 466.87 2332 782.01 420.18 116.72 315.14 1202.19 140.06  151.73  70.03
4% H Dry farmland
Farmland sk [
158736 105.05 —3069.67 129556 665.29 198.42  3174.71 11.67 221.76 245.11 105.05
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A, B,
fib b 3
Forest land, sparse 319.03 735.32 381.27 2419.94 723649 2104.81 4509.18 2945.17 225.65 2680.61 1174.96
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FEARAM
221.76 501.88 256.78 1645.71 4937.15 1493.98 3910.04 2007.54 151.73 1832.46 805.35
Shrubbery
e 78 P B M
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Grassland . {7 3 i %4
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Water area .
MEHL W
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IR MB.4EER A 2 HE 1% ALS. 2% 5 W . Notes: FP, food production; RMP, raw material production; WRS, water resource supply; GR, gas
regulation; CR , climate regulation; EP, environment purification; HR, hydrological regulation; SC, soil conservation; NCM, nutrient cycle maintenance;

MB, maintaining biodiversity; ALS, aesthetic landscape supply.
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Fig. 8 Spatiotemporal response of urban expansion intensity to ESV in Jinan metropolitan area
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