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Fig. 1 Hydrogeological profile of Dingxing County - Wen 'an County - Huanghua City study area
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Evolution and influence factors of shallow groundwater depression cone
in Beijing-Tianjin-Hebei Plain

NAN Tian"?, CAO Wengeng'”, REN Yinguo’, SUN Long', GAO Yuanyuan’

( 1. The Institute of Hydrogeology and Environmental Geology, CAGS, Shijiazhuang 050061, China; 2. Hebei Cangzhou Groundwater and Land
Subsidence National Observation and Research Station, Shijiazhuang 050061, China; 3. Survey and Research Center of Hebei Province, Shijiazhuang
050061, China; 4. Information Center of the Ministry of Water Resources, Beijing 100053, China; 5. Bureau of South to North Water Transfer of

Planning, Designing and Management, Ministry of Water Resources, Beijing 100038, China )

Abstract: Since the 1960s, there is continuous groundwater exploitation in the North China Plain. With the rapid
increase in water demand, groundwater overexploitation became an environmental geological problem. Recently,
restrictions on groundwater exploitation and artificial groundwater recharge were developed to recover the
groundwater level and remove the groundwater depression cone in Beijing-Tianjin-Hebei Plain. During the process
of river ecological supplement, the recharge source of groundwater would be supplemented, and the water cycle
mode could be changed. It is necessary to explain the groundwater depression cone evolution mechanism for

accelerating the groundwater level recovery at this stage.
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Numerical simulation is the traditional method to study the groundwater depression cone variation, but the
model operation and construction are relatively complex. With the development of computer science, many machine-
learning algorithms are proposed. Because of its simplicity and efficiency, machine learning models are widely used
in the hydrogeological research field. Eight specified indicators have been selected to study the variation of
groundwater depression cones, considering from natural factors, human activity factors, and hydrology factors. With
these indicators, the feature variable data set is formed, and based on the feature variable data set, three typical
machine learning models are developed to distinguish the variation of the groundwater depression cone. The logistic
regression (LR) model and support vector machine (SVM) model are based on the traditional machine learning
algorithm, and random forest (RF) model is a kind of ensemble algorithm based on the tree models. The established
models were evaluated by sensitivity, specificity, and R* accuracy. The feature variable importance and shapely
value were produced to quantify the contribution of each indicator to the groundwater depression cone and explain
the behavior of each indicator.

The results showed that the RF model outperforms the LR and SVM models in terms of model performance. The
sensitivity of the RF model was 0.94, the specificity was 0.78, and the R* accuracy was 0.88. It displayed that the RF
model could be accurately identified both the groundwater depression cone area and the non-groundwater
depression cone area. Model outputs suggested that the dominant influence indicator of the shallow groundwater
depression cone was groundwater exploitation. Before 2018, the influence degree of groundwater pumping on the
depression cone was about 50%. It played a positive role in the development of the groundwater depression cone.
The river artificial recharge took 16% account for the variation of shallow groundwater depression cone
development after 2018, and it had an obvious contribution to the groundwater level recovery. Two typical areas
(Ningbailong area and Gaoliqing area) were selected to explore the evolution mechanism of groundwater depression
cones in different regionals. The simulation results of the Ningbailong area and Gaoliqing area showed that the
Ningbailong groundwater depression cone was governed by both precipitation and groundwater exploitation, the
contribution rates for each indicator were 24% and 25%, respectively. Groundwater pumping dominated the
development of the Gaoliqing groundwater depression cone, and it took 85% account for the evolution of the
groundwater depression cone.

In summary, three different data-driven models were constructed to study the variation of shallow groundwater
depression cones in the whole North China Plain and two typical areas. The RF model was the optimal model. It was
suitable for identifying the groundwater depression cone. The main control factor of the shallow groundwater
depression cone was groundwater artificial exploitation. The river's artificial recharge could take an obvious positive
impact on the recovery of groundwater level in the Ningbailong area. But it had little effect in the Gaoliqing area.
Therefore, restrained groundwater exploitation by replacing agricultural groundwater could be the crucial way to

restore groundwater depression in the Gaoliqing area.

Key words: Beijing-Tianjin-Hebei Plain; groundwater depression cone; multisource data driven model; machine

learning; evolution mechanism
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