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Tab.1 Characterization methods for groundwater level change in four regions
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Fig. 2 Overview diagram of case study area
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Tab. 2 Simulated water level and calculated water level variation in case study area
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Fig.3 K-means clustering algorithm observation point location and clustering results
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Tab.3 Weight value of water level change of

observation well in example
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Tab. 4 Simulated water level and calculated variation of water level in Dingxing County from 2016 to 2019
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Tab.5 Weight value of water level change in case observation well
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Abstract: The dynamic change of groundwater level is an intuitive reflection of groundwater reserve change and
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basic information for studying the characteristics of groundwater occurrence and evolution. The variation
characteristics of water level in a single well are affected by supplementary drainage characteristics and
hydrogeological conditions. The water level of distributed wells at different points may have different trends with
total groundwater reserve changes in a region. How to obtain representative values which can describe the overall
regional water level changes becomes a key problem to be solved urgently.

A correlation between the observed water level of multiple wells and the water level calculated by regional
groundwater reservoir variables was constructed based on water balance method. The k-means clustering analysis
method and Thiessen polygon were used to solve the multi-solution problem caused by the gap between the number
of wells and the length of continuous water level observations of a single well. By solving the linear equation, a set
of weighting coefficients that can describe the relationship between a single well water level change and the whole
area water level change was obtained. These weighting coefficients and water level changes of corresponding wells
were used to quickly calculate regional representative groundwater level changes.

A new method was calculated and validated by numerical simulation and regional example. The results show
that in an ideal example, using the water level variation data of five selected observation points and corresponding
weight values, the annual variation of overall water level was 0.23 m. The calculated result was 0.02 m, different
from the verified annual water level variation of 0.21 m calculated by the water balance method. In an ideal
situation, the new method showed good accuracy and it reached 90.5%. In a typical area, a set of coefficients were
obtained by water level data of 8 wells in Dingxing County for 5 consecutive years and groundwater storage
variable data. The representative groundwater level change in Dingxing County in 2019 was calculated as 0.16 m by
an obtained coefficient. This result was 0.01 m in difference from that of the water balance method, with an
accuracy of 93.3%.

Based on actual water level monitoring data, a systematic method for calculating representative groundwater
level changes was proposed in the new method by combining various methods. The accuracy and practicability of
the method were verified by ideal examples and in Dingxing County. In the ideal example, the error of this method
was 9.5% compared with that of the water balance method. This error was 6.7% in the calculation result taking
Dingxing County as an example. New method can be used to calculate regional representative groundwater level
changes. During the experiment, it was found that the new method need to add observation wells to ensure the
accuracy of results according to the actual situation in areas with less monitoring data but more observation wells or
less well distribution density or uneven distribution. After obtaining a set of weighting coefficients of a single well,
the observed water level change values and corresponding coefficients of each well can be directly used to calculate
the groundwater level change values of the whole representative groundwater level in the study area. The overall

change in regional water level can be evaluated, which greatly reduces the workload of statistics and evaluation.

Key words: groundwater dynamics; k-means clustering; Thiessen polygon; representative water level; evaluation of

over exploitation control
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