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Tab. 1 Water ecological carrying capacity index system in Taiyuan City
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Tab. 2 Grade classification of water ecological carrying capacity

in Taiyuan City
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Tab. 3 Index weights of water ecological carrying capacity
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Fig. 1 Subsystems core of water ecological carrying capacity in Taiyuan City
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Fig. 2 Comprehensive score of water ecological carrying capacity in Taiyuan City
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Evaluation of water ecological carrying capacity based on WBM evaluation model

MA Yuyue', ZHU Xueping', ZHAO Xuehua', GAO Xuerui’, CHANG Ke'

(1. College of Water Resources Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. Institute of Soil and Water Conservation, Northwest A&F University, Yangling 712100, China )

Abstract: Water ecological carrying capacity is a comprehensive concept based on the theory of carrying capacity,
considering water resources, water environment, and other factors to study the water ecosystem. It is based on the
principle of sustainable development, covering water resources and the water environment, emphasizing the
sustainable carrying capacity of water ecosystem to human society and economy. At present, the evaluation methods
of water ecological carrying capacity mostly referred to the research of water resources carrying capacity and water
environment carrying capacity, including SD, fuzzy evaluation method, TOPSIS model, and so on. The Bonferroni
mean operator proposed by Bonferroni can effectively capture the correlation between input variables and can
aggregate multiple input variables into one input variable. It is an aggregation operator between the maximum and
the minimum. This method eliminated the mutual influence and interdependence between variables through iterative
operation so that the comprehensive evaluation results can be fair. In recent years, the Bonferroni mean had been
well expanded and applied in practical problems such as multi-attribute comprehensive evaluation and group
decision-making. Xia et. al introduced the weight vector of the variable into Bonferroni mean and proposed the
weighted Bonferroni mean, which considered the relative importance of the variable itself. Try to weaken the
influence of the correlation between indicators on the evaluation results of water ecological carrying capacity and
enrich the research methods of water ecological carrying capacity, the weighted Bonferroni mean operator was

employed in the evaluation system of water ecological carrying capacity, and a comprehensive evaluation model of

* 274+ KX KK R


https://doi.org/10.1007/s11518-011-5163-0
https://doi.org/10.1007/s11518-011-5163-0
https://doi.org/10.1007/s11518-011-5163-0
https://doi.org/10.1007/s11518-011-5163-0
https://doi.org/10.1002/int.22204
https://doi.org/10.1002/int.22204
https://doi.org/10.1002/int.22204
https://doi.org/10.1002/int.22204
https://doi.org/10.1002/int.20515
https://doi.org/10.1002/int.20515
https://doi.org/10.1002/int.20515
https://doi.org/10.1002/int.20515
https://doi.org/10.3969/j.issn.1000-1379.2022.02.017
https://doi.org/10.3969/j.issn.1000-1379.2022.02.017
https://doi.org/10.3969/j.issn.1007-2284.2019.09.018
https://doi.org/10.3969/j.issn.1007-2284.2019.09.018
https://doi.org/10.3969/j.issn.1002-5944.2021.03.010
https://doi.org/10.3969/j.issn.1002-5944.2021.03.010
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.11705/j.issn.1672-643X.2018.03.14
https://doi.org/10.11705/j.issn.1672-643X.2018.03.14
https://doi.org/10.3969/j.issn.1007-2284.2021.08.008
https://doi.org/10.3969/j.issn.1007-2284.2021.08.008
https://doi.org/10.3969/j.issn.1673-9604.2018.03.158
https://doi.org/10.3969/j.issn.1673-9604.2018.03.158
https://doi.org/10.3969/j.issn.1673-9604.2018.03.158
https://doi.org/10.3969/j.issn.1673-9604.2018.03.158
https://doi.org/10.1905/j.issn.972-243X.2021.02.19
https://doi.org/10.1905/j.issn.972-243X.2021.02.19
https://doi.org/10.1905/j.issn.972-243X.2021.02.19
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.1007/s11518-011-5163-0
https://doi.org/10.1007/s11518-011-5163-0
https://doi.org/10.1007/s11518-011-5163-0
https://doi.org/10.1007/s11518-011-5163-0
https://doi.org/10.1002/int.22204
https://doi.org/10.1002/int.22204
https://doi.org/10.1002/int.22204
https://doi.org/10.1002/int.22204
https://doi.org/10.1002/int.20515
https://doi.org/10.1002/int.20515
https://doi.org/10.1002/int.20515
https://doi.org/10.1002/int.20515
https://doi.org/10.3969/j.issn.1000-1379.2022.02.017
https://doi.org/10.3969/j.issn.1000-1379.2022.02.017
https://doi.org/10.3969/j.issn.1007-2284.2019.09.018
https://doi.org/10.3969/j.issn.1007-2284.2019.09.018
https://doi.org/10.3969/j.issn.1002-5944.2021.03.010
https://doi.org/10.3969/j.issn.1002-5944.2021.03.010
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.11705/j.issn.1672-643X.2018.03.14
https://doi.org/10.11705/j.issn.1672-643X.2018.03.14
https://doi.org/10.3969/j.issn.1007-2284.2021.08.008
https://doi.org/10.3969/j.issn.1007-2284.2021.08.008
https://doi.org/10.3969/j.issn.1673-9604.2018.03.158
https://doi.org/10.3969/j.issn.1673-9604.2018.03.158
https://doi.org/10.3969/j.issn.1673-9604.2018.03.158
https://doi.org/10.3969/j.issn.1673-9604.2018.03.158
https://doi.org/10.1905/j.issn.972-243X.2021.02.19
https://doi.org/10.1905/j.issn.972-243X.2021.02.19
https://doi.org/10.1905/j.issn.972-243X.2021.02.19
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.1007/s11518-011-5163-0
https://doi.org/10.1007/s11518-011-5163-0
https://doi.org/10.1007/s11518-011-5163-0
https://doi.org/10.1007/s11518-011-5163-0
https://doi.org/10.1002/int.22204
https://doi.org/10.1002/int.22204
https://doi.org/10.1002/int.22204
https://doi.org/10.1002/int.22204
https://doi.org/10.1002/int.20515
https://doi.org/10.1002/int.20515
https://doi.org/10.1002/int.20515
https://doi.org/10.1002/int.20515
https://doi.org/10.3969/j.issn.1000-1379.2022.02.017
https://doi.org/10.3969/j.issn.1000-1379.2022.02.017
https://doi.org/10.3969/j.issn.1007-2284.2019.09.018
https://doi.org/10.3969/j.issn.1007-2284.2019.09.018
https://doi.org/10.3969/j.issn.1002-5944.2021.03.010
https://doi.org/10.3969/j.issn.1002-5944.2021.03.010
https://doi.org/10.1007/s11518-011-5163-0
https://doi.org/10.1007/s11518-011-5163-0
https://doi.org/10.1007/s11518-011-5163-0
https://doi.org/10.1007/s11518-011-5163-0
https://doi.org/10.1002/int.22204
https://doi.org/10.1002/int.22204
https://doi.org/10.1002/int.22204
https://doi.org/10.1002/int.22204
https://doi.org/10.1002/int.20515
https://doi.org/10.1002/int.20515
https://doi.org/10.1002/int.20515
https://doi.org/10.1002/int.20515
https://doi.org/10.3969/j.issn.1000-1379.2022.02.017
https://doi.org/10.3969/j.issn.1000-1379.2022.02.017
https://doi.org/10.3969/j.issn.1007-2284.2019.09.018
https://doi.org/10.3969/j.issn.1007-2284.2019.09.018
https://doi.org/10.3969/j.issn.1002-5944.2021.03.010
https://doi.org/10.3969/j.issn.1002-5944.2021.03.010
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.11705/j.issn.1672-643X.2018.03.14
https://doi.org/10.11705/j.issn.1672-643X.2018.03.14
https://doi.org/10.3969/j.issn.1007-2284.2021.08.008
https://doi.org/10.3969/j.issn.1007-2284.2021.08.008
https://doi.org/10.3969/j.issn.1673-9604.2018.03.158
https://doi.org/10.3969/j.issn.1673-9604.2018.03.158
https://doi.org/10.3969/j.issn.1673-9604.2018.03.158
https://doi.org/10.3969/j.issn.1673-9604.2018.03.158
https://doi.org/10.1905/j.issn.972-243X.2021.02.19
https://doi.org/10.1905/j.issn.972-243X.2021.02.19
https://doi.org/10.1905/j.issn.972-243X.2021.02.19
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.1016/j.jclepro.2020.123988
https://doi.org/10.11705/j.issn.1672-643X.2018.03.14
https://doi.org/10.11705/j.issn.1672-643X.2018.03.14
https://doi.org/10.3969/j.issn.1007-2284.2021.08.008
https://doi.org/10.3969/j.issn.1007-2284.2021.08.008
https://doi.org/10.3969/j.issn.1673-9604.2018.03.158
https://doi.org/10.3969/j.issn.1673-9604.2018.03.158
https://doi.org/10.3969/j.issn.1673-9604.2018.03.158
https://doi.org/10.3969/j.issn.1673-9604.2018.03.158
https://doi.org/10.1905/j.issn.972-243X.2021.02.19
https://doi.org/10.1905/j.issn.972-243X.2021.02.19
https://doi.org/10.1905/j.issn.972-243X.2021.02.19
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0002

ZiEf, % T WBM IF AL oy K R SR I

water ecological carrying capacity-WBM evaluation model was established. Taiyuan City was taken as the research
object to verify the reliability of WBM, to provide an alternative method for the evaluation of water ecological
carrying capacity, and provide support for promoting regional ecosystem protection.

Based on the framework of 'target layer-criterion layer-index layer', the index system of water ecological
carrying capacity was established. The analytic hierarchy process and the improved entropy weight method were
used to determine the subjective and objective weights of the indicators, and the combined weights of the indicators
were obtained by the multiplication integration method. The weighted Bonferroni mean evaluation model was
established to evaluate the dynamic change process of water ecological carrying capacity, and it was compared with
the widely used and recognized TOPSIS model evaluation results. The key obstacle factors in the study area were
identified by the obstacle degree model, and the applicability of the weighted Bonferroni mean model is analyzed.

The evaluation index system and WBM model were applied to the evaluation of the water ecological carrying
capacity in Taiyuan city. The results show that the water ecological carrying capacity in Taiyuan City fluctuates up
and down in the critical overload state from 2009 to 2020. The overall trend of change was not obvious and had
developed in a good way in recent years. For the four subsystems: The carrying capacity of water resources
subsystem decreases from safe carrying capacity to severe overload, the carrying capacity of water environment
subsystem increases from overload to optimal carrying capacity, the carrying capacity of water ecology subsystem
fluctuates up, and down in the critical overload state, and the carrying capacity of water security subsystem
decreases to critical overload. The water resources and water ecological subsystems had large fluctuations in their
bearing status. The identification of the barrier factors showed that the barrier factors constraining the area were
mainly concentrated in the water resources subsystem.

In comparison with TOPSIS evaluation results, it can be seen that the weighted Bonferroni mean model was
reasonable and reliable for water ecological carrying capacity evaluation. The above results showed that the
proposed model was reasonable and reliable, and enriched the research results of quantifying the water ecological
carrying capacity. This study provided an optional method to weaken the influence of correlation between indicators
on the evaluation of water ecological carrying capacity and to objectively quantify the water ecological carrying
capacity, but how to quantify the influence of correlation between indicators on the evaluation results needed further

study.

Key words: water ecological carrying capacity; improved entropy weight method; WBM evaluation model; obstacle

degree
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