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Spatial and temporal evolution and drivers of ecosystem services in Beijing,
Tianjin and the Beijing-Tianjin Ring urban agglomeration
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Abstract: Urban agglomerations have become a new spatial unit for global economic competition and had important
functions in promoting urbanization, achieving high-quality allocation of resources and driving economic development.
Intense socio-economic activities, however, are bound to cause damage to the ecosystem services of urban agglomerations. It
is important to conduct studies on the spatio-temporal evolution of the ecosystem services of urban agglomerations and
explore its driving factors. In this study, Beijing, Tianjin and the Beijing-Tianjin Ring were selected as the study area. The
experiments constructed an ecosystem service evaluation system for the study area by summarizing regional issues, calculated
ecosystem services from 2000—2018, and also analyzed their spatial and temporal evolution characteristics. Then, the

potential drivers were screened out by the ordinary least squares model of the experimental data and imported into the
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geographically weighted regression model for regression. Finally, the driving role of natural and social factors on ecosystem
services 1s explored, through an analysis of geographically weighted regression results. Firstly, the ecosystem services of the
Beijing-Tianjin-Hebei urban agglomeration showed an upward and then downward trend from 2000 to 2018, reaching the
highest value in 2015. Secondly, Spatially, the ecosystem services in the study area generally show the spatial differentiation
characteristics of high value areas in the northern regions of Yanshan Mountains and Taihang Mountains, and low value
areas in the dam area. At the same time, the evolution of ecosystem services spatially shows the boundary between Yanshan
and Taihang Mountains, with the Yanshan and Taihang Mountains regions showing a trend of first weakening and then
improving, while the northwest region shows an overall weakening trend and the southeast region gradually decreases from
2015 onward. Thirdly, Natural environment and socio-economic factors drive ecosystem services in descending order of
strength ; rainfall > soil sand content > population density > temperature > infrastructure density. Fourth, the population
density, soil sediment concentration and infrastructure showed significantly negative correlation driving characteristics,
while the rainfall showed significantly positive correlation driving characteristics, while the temperature showed negative
correlation in the south and positive correlation in the north, with an increasing trend from southeast to northwest. Overall,
by assessing the ecosystem services of the Beijing-Tianjin urban agglomeration, analyzing the analytical evolution
characteristics of regional ecosystem services, and exploring the driving roles of regional natural and social factors on
ecosystem services, this study provides scientific guidance and decision basis for the future ecological environmental

protection and planning strategy formulation of the Beijing-Tianjin urban agglomeration.

Key Words: ecosystem services; spatial-temporal evolution; drivers; urban agglomeration; geographically weighted
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Table 1 Ecosystem services evaluation indicators
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Fig.2 Map of changes in ecosystem service index from 2000 to 2018
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Fig.3 Spatial distribution of ecosystem service index
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Fig.4 Spatial distribution and change of ecosystem service index
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Table 2 Table of ecosystem service function intensity evaluation indicators table of driving factors statistical analysis table

Lier) oS ¥ b2 BRAE Fe/ME
Driving factor Average value Standard deviation Maximum value Minimum value
HARHEE A T TR/ m 610.041 573.780 2836.000 -51.000
Natural Environmental factor — 1:3/% 50.768 7.282 94.000 14.000
[ &/ mm 583.600 463.283 862.300 388.800
B/ C 12.200 14.600 39.900 -25.600
MAETHE T AN/ (N/km?) 1328.673 3752.553 2354.762 120.886
Socioeconomic factor C A p X T AR L 5] 9% 0.0973 0.735 0.962 0.004
Wb TR EGAL 9% 0.115 0.437 0.726 0.001
LR BEHE R /(4 km? ) 0.573 0.952 7.736 0.002
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F B (-1.009130) > EE (0.788722) >FEAil it % FE (-0.649611) , FHILAT WL, S S@ T R AL, A IRER
BE R B8 K IAE S R GRS RE R R, GWR [ Z5 RN 6 i, 78 A ARIRSI IR 1 rp | [ TR 1 )
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Fig.5 Geographically weighted regression model fitting constants R and ¢-value distribution
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Table3  Results table of Ordinary Least Squares (OLS) model parameter factor screening based on exploratory regression

BIEEI Initial model A Filtered model
oK 5l K+ EHIE FrifiE 22 WER /R B AR WESR/ AR R
Driving factor Average Standard Probability/robust Probability/robust
value deviation probability probability
HARHEE A T e 0.15729 0.23535
Natural Environmental factor THE(EFVE) 0.44787 0.98189 %/ % ko ok k%
55 T 0.31090 0.14830 ® ok /o ® ok ok /k ok %
TR 0.74129 0.23290 )/
ARz S NEkd s 0.13380 0.03808 * ok /% % VIR
Socioeconomic factor % Al X T AR L A5 0.69835 0.62731
b TR L] 0.54862 0.035521
FER At 0.05712 0.18696 /% Bk k)R k

w kx| xox o 2R50H P<0.05 P<0.01 .P<0.001 EL¥) BRI 55 16 J5 AR 36 2 R%> 0.6

x4 2ROAZERNITHLER

Table 4 Calculation results of global regression result

SRS fliHE iR BIEEN ¢
Independent variables Estimate Standard Error t(Est/SE)
4 F V) Soil (sediment concentration) -0.352587 0.161330 -2.185510
FA TR Rainfall 0.571081 0.108893 5.244405
HRE Temperature 0.175874 0.222986 0.788722
NP JE Population density -0.612244 0.606705 -1.009130
LAt % B Infrastructure density -0.097709 0.150411 -0.649611

PRI A U RE X A 25 AR G IR 55 Xl 2 ) S B I 1) e DA AR S i) SR S AR 3, T 1) K s A 7R PR
L JRg 55 VA2 i b ik, A ARG ) 30 me Jhy W S AY TE SR A T T 7 DRl DX S BRI OG RIS Y S S
DIERAE 25 R G 55 R S ORI DG | v i R N 2 25 A= 2 R e IR 55 Ol S T s i, EL AL 1] 19 328 7 e
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Fig.6 Spatial distribution diagram of regression coefficients between various factors and ecosystem service
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