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Dynamic change and prediction of ecological footprint of water resources in Beijing-Tianjin-Hebei region//BIN
Lingling' , JIANG Ruiwen', CAO Yonggiang’, XU Kui’, HAN Zhentao’ (1. School of Geographic and Environmental
Sciences, Tianjin Normal University, Tianjin 300387, China; 2. Academy of Eco-civilization Development for Jing-Jin-Ji
Megalopolis, Tianjin Normal University, Tianjin 300387, China; 3. Siate Key Laboratory of Hydraulic Engineering
Simulation and Safety, Tianjin University, Tianjin 300350, China)

Abstract: The water resources ecological footprint model, the water resources ecological carrying capacity model and the
evaluation indicators for sustainable utilization of water resources were used to analyze the temporal and spatial trend of the
water resources ecological footprint in the Beijing-Tianjin-Hebei region from 2010 to 2021. And a long short-term memory
time series neural network model was used to predict the trend of water resource ecological footprint from 2022 to 2026. The
results show that from 2010 to 2021, the ecological footprint of water resources in the Beijing-Tianjin-Hebei region showed
a trend of first decreasing and then increasing, with Beijing’s production water ecological footprint decreasing year by year and
lower than that of domestic water ecological footprint. Tianjin and Hebei have the largest proportion of production water
ecological footprint. The ecological footprint of ecological environment water use in the Beijing-Tianjin-Hebei region shows a
fluctuating upward trend. Since 2010, the water resources ecological footprint in the Beijing-Tianjin-Hebei region has been
shifting towards core cities in the central region. The water resources ecological carrying capacity in each district and city is
far lower than the water resources ecological footprint, showing an ecological deficit state. Among them, Tangshan City, Xinji
City, Xiong’an New Area, and Hengshui City have significant ecological deficits, exceeding 0.5hm’ per person, and there is
a serious imbalance between water supply and demand. The water resources ecological footprint in the Beijing-Tianjin-Hebei
region with a GDP of 10 000 yuan shows an overall downward trend, with the absolute value of Hebei far higher than that of
Beijing and Tianjin, indicating a significant potential for water conservation. The prediction results of the water resources
ecological footprint show that the water resources ecological footprint in the Beijing-Tianjin-Hebei region is showing a slow

upward trend from 2022 to 2026, and the contradiction between supply and demand of water resources will further intensify.
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Fig.2 Variation trend of water resources ecological footprint in Beijing-Tianjin-Hebei region from 2010 to 2021
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Table 1 Distribution of water resources ecological footprint, carrying capacity and ecological deficit
in cities of Beijing-Tianjin-Hebei region in 2010 and 2020
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X
2010 4f 2020 4f 2010 4 2020 4f 2010 4f 2020 4f
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B2 0.3099 0.3296 0.0144 0.0272 0.2955 0.3023
& 0.4330 0.4220 0.0221 0.0400 0.4109 0.3820
BHREN 0.494 1 0.4258 0.0315 0.0399 0.4626 0.3859
fEE T 0.4512 0.3955 0.0295 0.0606 0.4217 0.3349
Fioy i) 0.6403 0.5210 0.0101 0.0183 0.6303 0.5027
M 0.3055 0.3102 0.0223 0.0137 0.2832 0.2965
JER Ty T 0.3888 0.3216 0.0179 0.0175 0.3709 0.3040
REL 0.5959 0.4682 0.0554 0.0582 0.5405 0.4101
B9 0.4876 0.3714 0.1886 0.0770 0.2990 0.2945
kRO 0.4070 0.2963 0.0379 0.0296 0.3691 0.2667
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Fig.4 Change trend of water resources ecological
footprint per ten thousand yuan of GDP in
Beijing-Tianjin-Hebei region from 2010 to 2021
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Table 2 Validation results of LSTM time series
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