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Fig. 1 Hydrogeological survey of Longtan trough valley (a- Hydrogeological map, b- Satellite map of rocky desertification control area

(based on Google Earth), c- Map of Laoquan spring, d- Hydrogeological profile [25])
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Fig. 2 Variation curve of precipitation discharge in Laoquan spring of Longtan trough valley

Part of the dotted line data is missing due to the instrument failure
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Table 1 Climate and discharge of Laoquan spring during the drought period (from July 21 to August 31) from 2018 to 2021
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Fig. 3 Flow attenuation process of rainstorm No. 200506 in Laoquan spring
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Table 2 Flow attenuation parameters of Rainstorm No. 200506 in Laoquan spring
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- 0.019 6 21 118.83 16
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Table 3 Flow and carbon flux parameters during Rainstorm No.210628 in Laoquan spring
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Fig. 6 Changes of soil—water CO,—carbon flux of Laoquan spring during the summer drought period
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Table 4 Hydrochemical features and carbon sink flux of Laoquan spring from 2018 to 2021

Fisk i) /4T HCO; #¢#/mg-L"' CO,iH#EH/mg- L' AR /L s JEHURRE B/t km *a !
20184F 197.23 71.13 4.68 11.66
20194F 234.85 84.70 3.48 10.33
20204F 231.03 83.32 7.30 21.31
20214F 239.64 86.43 5.58 16.90
FHIE 225.69 81.40 5.26 15.05
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Table 5 Correlation analysis between carbon flux and soil CO, concentration of Laoquan spring from 2018 to 2021
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Fig. 8 Correlation between the concentration of karst products of Laoquan spring and the concentration of soil CO,
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Fig. 9 Correlation analysis between monthly precipitation, monthly evaporation and monthly carbon flux of Laoquan spring in Summer
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Flow attenuation analysis and inorganic carbon flux estimation of surface karst
spring in rocky desertification control area: A case study at Laoquan spring in the
Longtan trough valley, Youyang county, Chongqing City, China

LUO Zhenyu"’, YANG Yan'’, LIJi'?, XIAO Wenjie'”, SUN Tingting'”, YE Zhimao'’
(1. Chongqing Key Laboratory of Karst Environment, School of Geographical Sciences, Southwest University, Chongqing 400715, China; 2. National
Observation and Research Station of Karst Ecosystem in Jinfo Mountain of Chongqing, Chongqing 400715, China )

Abstract  The rational utilization of groundwater resources is the key to achieving the carbon peaking and carbon
neutrality goals, strengthening the comprehensive control of karst rock desertification and soil erosion in the ecological
environment. On the southern wing of Tongmaling anticline in southeast Chongqing, Longtan trough valley—a part of
Wuling Mountain area—is located in Youyang county, Chongqing City, China. The karst development is strong in the
trough valley area, and the distribution of groundwater is extensive. At the same time, the problem of rocky
desertification is severe in this area, so the efficient utilization of water resources and ecological restoration are
especially important. The objective of this study is to explore the flow characteristics of karst spring and structure types
of aquifer medium, and to further analyze the variation characteristics of inorganic carbon flux in the ecological
restoration area of rock desertification control.

In this study, the flow attenuation equation and hydrochemical runoff method are used to estimate and analyze
attenuation process and inorganic carbon flux of Laoquan spring based on the re-vegetation in a karst rocky
desertification area in Longtan trough valley in Youyang county, Chongqing City, Southwest China. The results show
that: (1) The flow attenuation process of Laoquan spring is divided into two sub-dynamics with attenuation coefficients
of 0.0892 and 0.0196, respectively. The attenuation process of this spring mainly occurs on the first sub-dynamics. In
the aquifer medium of groundwater system, the ratio of pipeline to fissure is significant. The strong water conduction
effect of aquifer medium leads to the weak capacity of Laoquan spring to regulate and store rainfall infiltration water.
(2) The variation process of the carbon flux of Laoquan spring during the rainstorm period is divided into four stages,
and the carbon flux has obvious variation characteristics with the flow. The carbon flux during the rainstorm period is
97.64 kg-km >-d . In the summer drought period (from the end of July to the end of August), the carbon flux of
Laoquan spring has obvious diurnal variation characteristics, low at night and high in the day. The soil CO,
concentration, water CO, concentration and carbon flux of Laoquan spring are synchronized in the diurnal variation,
and the carbon flux in the summer drought period is 18.23 kg-km >-d . (3) The climate instability can affect the carbon
flux of Laoquan spring. The precipitation of this spring in summer is positively correlated with the carbon flux
(R=0.78), and the evaporation is negatively correlated with the carbon flux (R=—0.36). The change of land use mode
has a significant effect on the carbon flux of Laoquan spring. The correlation coefficient between HCO; concentration
and soil CO, concentration based on the monthly mean value of Laoquan spring is 0.64, indicating that HCO; in
Laoquan spring sensitively responds to the change of soil CO,. The correlation coefficient between the annual spring
carbon flux and the annual soil CO, concentration is 0.90, and the average annual ,;Cp,,c shows an obvious negative
trend, indicating that land use change (Vegetation Restoration) is conducive to the increasing of soil CO, concentration
and carbon flux. (4) From 2018 to 2021, the carbon flux in Laoquan spring was 11.66, 10.33,21.31 and 16.9 t-km *-a
respectively, showing an increasing trend with fluctuation. The annual inorganic carbon flux is 15.05 t-km >-a '(CO,).

The carbon sink capacity should be enhanced by the improvement of comprehensive control measures of rocky
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Tonglao town and Pozao town in the middle and Xin'an town in the south. The hillslope geo-hazards in these five
susceptible areas cover proportions of 64.54%, 8.37%, 1.59%, 21.91%, and 3.59%, respectively, which indicates that
the evaluation results of hazard susceptibility are highly consistent with the distribution of historical collapse and
landslides, and the mapping results of hazard susceptibility are reliable and accurate. (iv) The frequency ratio of each
susceptibility zone can be obtained by calculating the ratio of hazard point proportion and area proportion of each
susceptibility class. The frequency ratio increases from the very low susceptibility area to the very high susceptibility
area, which indicates that the coupling model can effectively determine the different susceptibility levels in the study
area. (v) The performance of the model is comprehensively compared through the AUC and ROC curves with
validation datasets. The AUC value for the IV-MLPC model is 0.809, showing that the model exhibits a satisfactory
performance (AUC>0.8) in collapse and landslide spatial prediction. The research results can provide a scientific basis

for the risk assessment and disaster prevention of collapse and landslide in the study area.

Key words Pingguo City, hillslope geo-hazard, information value, multi-layer perceptron classifier, susceptibility
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desertification. Therefore, in the process of rocky desertification control, it is necessary to make scientific use of karst
water resources and heighten the awareness of karst environment protection, especially the scientific use and
management of water resources in summer rainstorm and summer drought. In addition, it is necessary to boost regional

carbon sink capacity by restoring natural dominant vegetation in rocky desertification control areas.

Key words karst spring, flow attenuation, carbon flux, karst rocky desertification, Youyang county in Chongqing
City
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