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Fig. 2 Groundwater level changes in four geomorphic units, and districts and counties in Zhangjiakou area from 1981 to 2015
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Fig. 4 Precipitation, evaporation and temperature changes of four geomorphological units in Zhangjiakou area from 1981 to 2015
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Table 1 Correlation of groundwater level and its driving factors in four geomorphic units in Zhangjiakou area
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Table 2 Principal component analysis of groundwater level variation factors in four geomorphic units in Zhangjiakou area
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Fig. 6 Principal component analysis of groundwater level variation and its driving factors in four
geomorphological units in Zhangjiakou area
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Spatio-temporal changes of groundwater level and its driving
factors in a typical region of Beijing-Tianjin-Hebei region, China

ZHAO Yu-feng'?, LUO Zhuan-xi’, YU Ya-jun', CHEN Ying-hui’,
ZHANG Shu-gang’, ZHANG Qing-hua’

(1. School of Geographical Science, Shanxi Normal University, Linfen 041000, Shanxi, China; 2. Key
Laboratory of Urban Environment and Health, Institute of Urban Environment, CAS, Xiamen 361021, Fujian,
China; 3. Third Geological Brigade, Geology and Minerals Bureau of Hebei Province, Zhangjiakou 075000,
Hebei, China; 4. Exploration Center of Land and Resources, Geology and Minerals Bureau of Hebei Province,
Shijiazhuang 050081, China)

Abstract: The northwest of the Beijing- Tianjin- Hebei (BTH) region is an important water
conservation area and ecological barrier for Beijing and Tianjin. It is also an important regional
support node for the "Beijing- Tianjin- Hebei coordinated development strategy”. In order to
reveal the spatial and temporal changes of groundwater level and its driving factors in
northwest BTH region, 56 wells of groundwater level observation were selected from 1981 to
2015 in Zhangjiakou city as a typical region. Based on continuous observation data on
hydrogeology, meteorology, groundwater resources exploitation and socioeconomic
development, the spatial and temporal changes of groundwater level and its statistical analysis
with the abovementioned data were performed in four geomorphic units of Bashang Plateau,
Chaixuan Basin, Zhuohuai Basin and Yuyang Basin in the study area. Results showed that the
groundwater level of the four geomorphic units in Zhangjiakou and districts and counties under
its jurisdiction in general tended to decrease, and the decrease rate was gradually accelerated.
In the past 35 years, the groundwater level of Bashang Plateau decreased by 3.59 m < 3.6 m in
Yuyang Basin < 7.17 m in Zhuohuai Basin < 20.41 m in Chaixuan Basin. The changes of
groundwater level in the four geomorphic units were not significantly correlated with natural
factors such as precipitation, evaporation and temperature, but significant correlation between
the total population and other socio-economic factors, including primary industry output value,
common cultivated land area, effective irrigation area, total grain output, total vegetable output,
total pork, beef and mutton output, secondary industry output value, tertiary industry output
value and year- end total population. In the principal component analysis, the cumulative
variance contribution rate of the first two principal components of the four geomorphic units
was more than 80%. The first principal component was mainly socio-economic factors such as
total vegetable production, total pork, beef and mutton production, year-end total population
and output value of the primary, secondary and tertiary industries. All the first two principal
components in the four geomorphic units can explain more than 66%, indicating that socio-
economy was the main factor leading to the continuous decline of groundwater level in
Zhangjiakou. The findings can provide new insights into the sustainable development of social
economy and the rational utilization and allocation of regional water resources in the future, as
well as water conservation and ecological function maintenance in the northwest of the BTH
region.

Keywords: groundwater level; driving factor; principal component analysis; water resources;
Zhangjiakou



