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Fig. 1 Distributions of topography, lithology, hydrometeorological observation stations and of hillslope springs in Chenqi basin
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Table 2 Variations of spring flow and spring temperatures, and the identification of infiltration recharge manners

and spring water sources under different rainfall types
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Indicative function of karst spring temperatures on rainfall-flow response

HE Qing', CHEN Xi"*, ZHANG Zhicai', CHENG Qinbo'
(1. College of Hydrology and Water Resources, Hohai University, Nanjing, Jiangsu 210098, China; 2. Institute of Surface-Earth
System Science, School of Earth System Science, Tianjin University, Tianjin 300072, China )

Abstract Karst in Southwest China is located in hot and humid climate region. Strong dissolution produces various
combinations of soil, rock fractures and conduits. Therefore, the hydrogeological heterogeneity in this area contributes
the difficulty to the identification of various precipitation recharge formations and multiple flow components. Tracers,
such as stable isotopes, electrical conductivity, and chemical ions, have been widely used to aid our understanding of
hydrological processes. Compared to these tracers, the temperature is a much cheaper alternative for high spatial-
temporal resolution monitoring. In this study, the dynamics of hydrograph and temperatures in atmosphere, soils and
spring water were used to trace hydrological processes of precipitation infiltration, recharge into conduits and flow
exchange between conduits and fractures. Taking a hillslope spring of Chenqi basin in the karst area of Southwest
China as the study area, we compared variations in atmospheric temperatures, soil temperatures, spring water
temperatures before and after 21 rainfall events from the middle May to the middle September in the years of 2016 and
2017. In addition, on the basis of heat-water transfer mechanism of soil, surface karst zones, and karst conduits in
spring areas, we identified the infiltration and recharge modes of different types of rainfall and the effects of fast and
slow flows on the decline of spring discharge, in order to reveal the formation mechanism of runoff and infiltration
recharge in karst areas.

Results show that soil temperatures were much higher than spring discharge temperatures, and rainfall infiltration
could sufficiently lowered soil temperatures and spring discharge temperatures in the study period. However, for the 21
rainfall events, the discharge temperatures varied in the rising phase of hydrograph because of different extents of heat
mixture between the cool infiltration water and warm soils/rocks at ground surface. These differences were proven to
be related with three types of precipitation infiltration and recharge, i.e. recharge by dispersed infiltration, recharge by
concentrated infiltration of shallow runoff and direct recharge by concentrated rainfall. The study indicates that the
recharge by dispersed infiltration occurred in the rainfall that was not heavy but lasted for a long time. In such type of
rainfall, the spring discharge temperatures showed a slow rise with the increase of discharge. This phenomenon was
attributed to the fact that the long-term thermal conduction in soils or small fractures heated infiltration water.
However, as rainfall became more intensive but lasted for shorter time, the recharge by concentrated infiltration of
shallow runoff and the direct recharge by concentrated rainfall dominated the rise of hydrograph. When the shallow
runoff was developed, the spring discharge temperatures showed a decline after a rapid increase in the rising phase of
hydrograph.

This research finding indicates that both thermal conduction and convection affected discharge temperatures. The
thermal conduction of infiltration in soils or small fractures played a role in heating infiltration water, and thus in
raising discharge temperatures. In contrast, the thermal convection via large fractures and sinkholes made the cool
water (e.g., the rainfall and runoff in the flow peak) into conduits, which lowered discharge temperatures. The direct
recharge by concentrated rainfall only occurred in extremely heavy but short rainfall. For such type of rainfall, the
spring discharge temperatures showed a short and rapid increase in the rising phase of hydrograph, which can be
inferred that the thermal convection may control discharge temperatures. Furthermore, in the recession period of
hydrograph, variations in the spring discharge and temperatures can be used to distinguish mixture of the cool water in
small fractures (slow flow) with conduit flow (fast flow). In the early recession period, the hydrograph maintained a
high discharge and receded at a slow rate but discharge temperatures declined at a great rate, which indicated that there

was a large amount of cool water in small fractures releasing to conduits. In the late recession period, the spring
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depopulation. There are less population outflows in basin areas, with depopulation. Population outflows are very
common with prominent depopulation in the intersected areas between mountains and basins. (2) Regional differences
of farmland abandonment are obvious. Farmland abandonment is the most severe in mountain areas, followed by the
arcas intersected between mountains and basins, and farmland abandonment in basin areas was less severe.
Abandonment or transformation of farmland has caused the changes of utilization types and functions of the farmland.
(3) From the perspective of homestead use, the number of homesteads increased and the space of homestead expanded
to outside but was deserted inside. Structures and functions of homestead changed noticeably. (4) Rural depopulation
drove the change of land use, which was mainly driven by socio-economic change and regional population migration
from rural to urban areas. Various factors affecting the changes of land use and the processes of these changes are
interdependent and restrict each other, which has constituted a dynamic coupling phenomenon.

To sum up, the spatial-temporal variation characteristics of land use evolution in mountain areas, intersected areas
between mountains and basins and basin areas are different in different periods. The research results are helpful to
guide the rural farmland utilization and protection, homestead activation and utilization in mountain—basin systems
with different geographical conditions, socio-economic development levels, traffic conditions and geological
backgrounds in Guizhou Province. It is of reference value for us to realize the sustainable development of society and

economy in terms of mountain—basin system.

Key words mountain—basin system, land use change, rural depopulation, farmland, homestead
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discharge receded to a stable state and its temperature remained steady and lowest, which can be inferred that water
release from small fractures to conduits significantly reduced. The study results demonstrate that the temperature
information is useful in tracing the complicated hydrological processes while more observations particularly those in

epikarst and conduits are needed to increase the tracing reliability.

Key words karst spring, rainfall-flow response, spring temperature, rainfall infiltration
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