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Abstract: Evaluating the coupling effects of climate variability and ecological restoration on carbonate rock weathering—
related carbon sink ( CS) is an important objective in current research on carbon cycle and climate change in karst
ecosystems. In this study we estimated the flux of CS ( CSF) in the typical karst valley of Southwest China from 1992 to
2017 based on the thermodynamic dissolution model for carbonate rock. We extended our research by using the Lindeman-
Merenda-Gold model to quantify the relative contribution rates of climate change and ecological restoration factors to CSF.
We obtained the following results: 1) annual average temperature and precipitation of the valley were both increasing
continuously at rates of 0.06°C per year and 12 mm per year respectively and after 2000 these rates of increase slowed
down. The annual evapotranspiration increased before 2000 and decreased after that. 2) The increase rate of fractional
vegetation cover ( FVC) in the valley was 0.004 per year and the proportion of increased area reached 95.07% which
indicated significant ecological restoration in the valley. 3) The annual average CSF in the valley was 9.42 t C km ™ a™" with
an increasing trend during the study period showing an average increase rate of 0.2t C km™a™ and the proportion of the area
with increased CSF was 89.28%. 4) CSF in the valley was affected by climatic factors ( precipitation evapotranspiration

temperature) and ecological restoration factors ( FVC) ; among these factors precipitation temperature and FVC had a
positive impact on CSF  whereas evapotranspiration exerted a negative impact on CSF. The relative contribution rate of
precipitation in the valley was the maximum among that of all factors with a magnitude of 70.36%. 5) We revealed the

coupling influence mechanism of climate change and ecological restoration on rock weathering process.

Key Words: climate change; ecological restoration; carbonate rock weathering carbon sink; relative contribution rate;

influence mechanism
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2

Fig.2 Temporal evolution dynamic of climatic and hydrological conditions in karst valley

3 1992—1999 2000—2017 (FvQ)
Fig.3 Spatial patterns of annual average FVC in the periods of 1992 to 1999 and 2000 to 2017
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Fig.5 Land cover/land use distributions of the valley in 1995 2005 and 2015
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o 9.5% o

1 1995—2005 /km?

Table 1 Land cover/land use transfer matrix of the valley from 1995 to 2005

. . 1995
Land cover Forest Grassland Waters Cropland Construction  Unused Area in 1995
land land
Forest 111760 6734 816 25651 290 8 145259
Grassland 7118 12085 99 6199 44 1 25546
Waters 731 93 2057 1364 126 12 4383
Cropland 25002 5705 1405 48864 1140 13 82129
Construction land 244 35 108 1114 514 0 2015
Unused land 10 1 15 22 1 64 113
2005 Area in 2005 144865 24653 4500 83214 2115 98 259445
Variation -394 -893 117 1085 100 -15 —
Variation rate/% -0.27 -3.50 2.67 1.32 4.96 -13.27 —
19952005 . . ( 1),
893 km’ 3.5% 27.86% 6199 km?( 24.27%)
o 394 km® 17.66% 30.44%
1085 km’. 4.96% o
19952005 10 .
2 2005—2015 /km?
Table 2 Land cover/land use transfer matrix of the valley from 2005 to 2015
Constructi Unused 2005
Land cover Forest Grassland Waters Cropland onstruetion nusec Area in 2005
land land
Forest 105279 9582 1269 27812 905 18 144865
Grassland 9807 8576 169 5939 162 0 24653
Waters 1147 124 801 2164 257 7 4500
Cropland 28265 6080 2253 44625 1957 34 83214
Construction land 428 68 195 1104 317 3 2115
Unused land 15 2 9 32 4 36 98
2015 Area in 2015 144941 24432 4696 81676 3602 98 259445
Variation 76 -221 196 -1538 1487 0 —
Variation rate/% 0.05 -0.90 4.36 -1.85 70.31 0 —
2005—2015 ( 2)
70.31% 1995—2005 (4.96%) 14.18 10
. 1538 km’ \
33.97% 7.31%. 2005
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Fig.8 Temporal variations of annual average precipitation ( P) temperature ( T) evapotranspiration ( ET) FVC and CSF with the
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Fig.9 Coupling influence mechanism of climate change and vegetation restoration to rock weathering
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