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Fig. 1 Regional hydrogeological and distribution map of observation points of groundwater level dynamics in Guiyang basin
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Fig. 2 Groundwater level dynamics at each observation point and precipitation map
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Fig. 4 Continuous wavelet transform of groundwater levels
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Response characteristics of groundwater level dynamics to precipitation
based on continuous wavelet-cross correlation analysis:
A case study of the Guiyang karst basin

WANG Yingl’z, SONG Xiaoqing"z’3 , WANG Fei', PENG Qin]‘2 , CAO Zhendong"z, PU Xiuchao'”
(1. 111 Geological Brigade of Guizhou Geological and Mineral Exploration and Development Bureau, Guiyang, Guizhou 550008, China;
2. Guizhou Geological Engineering Investigation, Design and Research Institute Co., Ltd., Guiyang, Guizhou 550008, China; 3. School of

Environmental Studies, China University of Geosciences (Wuhan), Wuhan, Hubei 430078, China; 4. Guiyang Public
Transport Investment and Operation Group Co., Ltd., Guiyang, Guizhou 550081, China )

Abstract Precipitation is the main source of water supply for most groundwater systems; therefore, its
spatiotemporal distributions will, to some extent, determine the dynamic characteristics of groundwater levels. Hence,
conducting research on groundwater level dynamics is of great significance for the sustainable development and
utilization of groundwater resources, regulation and management of surface—groundwater resources, and determination
of floating resistance and anti-floating water levels in engineering construction. The Guiyang karst basin is located
within the construction scope of the main urban area of Guiyang City. In order to further understand the nonlinear
process of groundwater level dynamics in the karst basin area, and help improve the management of groundwater
resources in this area, we collected the observation data and precipitation data of seven observation points of
groundwater levels in the Guiyang karst basin in different periods from 2007 to 2021. Besides, to analyze the
groundwater level dynamics on different time scales and the response of the dynamics to precipitation in the Guiyang
karst basin, we adopted the continuous wavelet analysis that can quantitatively judge the periodicity of precipitation
and groundwater levels, and the correlation analysis that can quantitatively calculate the lag relationship between
groundwater and precipitation.

The results show as follows. (1) According to the groundwater level data from monitoring holes in the study area,
the water level variations of the monitoring holes located inside the Guiyang karst basin is relatively small, with a
maximum annual water level variations of about 2 -7 m, because this basin, featuring relatively flat terrain, is a
discharge area of the groundwater system. The edge of the Guiyang karst basin is controlled by the terrain and
topography, with significant undulations. The water levels of monitoring holes located at the edge of the basin vary
greatly, with the maximum variations of water level about 10-20 m over the years. In terms of the continuous wavelet
transform analysis of the response characteristics of groundwater levels to precipitation in the study area, it can be
concluded that the main oscillation period of precipitation is 256—512 days, which passed 95% of the red noise tests
from January 2008 to January 2017, indicating significant periodic characteristics. Due to the influence of
hydrogeological conditions and human activities around monitoring holes, the oscillation periods of different
observation points varied. However, the groundwater level dynamics in the Guiyang karst basin were significantly
controlled by precipitation, showing discontinuous and short oscillation periods in high-frequency areas, with an

overall main oscillation period of 256 to 512 days. (2) In the study area, there is a significant time lag between
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groundwater level variation and precipitation. That is, the longer a groundwater runoff distance is, the more hysteretic
the response of groundwater level to precipitation becomes. The groundwater level variation in the runoff—discharge
area lags behind precipitation by 2.66 —7.7 days, by 1.25-8.04 days in the discharge area. Because the regional
hydrogeological conditions of the two groundwater systems in the study area are different, the responses of the two
groundwater systems in the north and south to precipitation are also different. In the southern groundwater system, the
time lag of the response of groundwater level variations to precipitation gradually increases from the runoff—discharge
area to the discharge area. In the northern groundwater system, due to the effect of the long-distance precipitation
recharge from upstream, the groundwater level of runoff—discharge area changes more slowly than that of discharge

area with multiple sources of recharge.

Key words wavelet analysis, cross correlation analysis, groundwater level dynamics, karst basin
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flatland and bare land. If the test failed, multiple sets of data would be applied for non-parametric testing and multiple
comparisons through the kruskal.test function and PMCMRplus package. These two groups of data were applied for
the wilcoxon rank sum test by the wilcox.test function.

Daily dynamics of microclimate of bare land and earth flatland obviously differed on the spatial and temporal
scales. When solar radiation was the strongest in summer, temperature at each spatial height of earth flatland was
significantly higher than that of bare land (P<0.05), and the relative humidity was significantly lower than that of bare
land (P<0.05), which led to warming and dehumidifying conditions. However, air temperature in the bottom space of
earth flatland was significantly lower than that in bare land (P<0.05), and the relative humidity was significantly higher
than that of bare land (P<0.05) from 10:00 to 16:00 in winter, which resulted in cooling and humidifying effects. The
daily variation degree of microclimate in bare land and earth flatland was significantly different in response to different
seasons. The daily temperature range of the upper layer of earth flatland was significantly higher than that of bare land
(P<0.05) in summer, indicating that the earth flatland intensified the daily change of air temperature. However, the
daily temperature and humidity range of the lower layer of the earth flatland was significantly lower than that of the
bare land (P<0.05) in winter, showing that the earth flatland buffered the daily change of the microclimate.

At present, bedrock-exposed areas of rocky desertification are under a more severe and changeable microclimate
change background. Therefore, based on the differences in the microclimate effects of heterogeneous underlying
surfaces, priority should be given to introduce early fast-growing karst plants to accelerate surface vegetation coverage
and improve local microclimate conditions, which would play a positive role in buffering microclimate changes in

rocky desertification areas and accelerating vegetation restoration.

Key words rocky desertification, underlying surface, microclimate, temperature and humidity, vegetation restoration
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