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ABSTRACT

To assess land subsidence estimation and preparedness in the Geum River basin, this study applied GIS techniques and
identified six key areas. The Geum River basin has experienced an increase in heavy rainfall since late 2010, and four study
areas have shown an increase in groundwater levels. Land subsidence primarily occurred from June to September, with
higher rainfall years in 2020 and 2023. Approximately 83.6% of land subsidence in Chungcheongbuk-do province occurred
in Cheongju-si, mainly attributed to aging sewage pipes. The regions experiencing population growth have likely led to the
construction of underground infrastructures and sewer pipes. Thus, it is considered that various factors, including sewage
pipe leaks, precipitation, slope gradient, low drainage density, and groundwater level fluctuations, have contributed to land
subsidence. Improving land subsidence estimation involves incorporating additional natural factors and human activities.
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Table 1. Collected spatial data parameters
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Fig. 1. Location maps of the study area. (a) River network and groundwater level, (b) slope gradient, and (c) drainage density in Geum

River basin.
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Fig. 2. Groundwater level variations from June to September in the study regions for 10 years.
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Table 2. The reported incidents number of land subsidence in the study area over the past 10 years (a), land subsidence in Cheongju-si

between June and September over the past 10 years (b), and the causing factors of land subsidence in Cheongju-si (c)

(a) 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Chungnam 1 2 3 8 3 1 5 4 0 4
Chungbuk 1 3 1 55 60 6 24 2 3 9
Cheongju
(Chungbuk) 0 2 1 46 49 6 16 2 2 1
Jeonbuk 0 6 10 3 5 6 7 16 3 40
(b) 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
June 0 0 0 1 16 2 2 2 0 1
July 0 2 1 36 0 0 2 0 0 0
Augustus 0 0 0 0 0 12 0 1 0
September 0 0 0 3 0 0 0 0 0 0
(©) 2018 2019 2020 2021 2022 2023
Ratio atio atio Ratio Ratio Ratio
Number %) Number %) Number %) Number %) Numb %) Numb %)
Pipe Damage 44 78.6 5 83.3 20 87.0 2 100 0 0 1 100
Inadequate
Landill 4 7.13 0 0 0 0 0 0 0 0 0 0
Buried Material 2 3.57 0 0 2 8.70 0 0 0 0 0 0
Excavation Work 0 0 1 16.7 0 0 0 0 0 0 0 0
Other 6 10.7 0 0 1 430 0 0 2 100 0 0
Total 56 100 6 100 23 100 2 100 2 100 1 100
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Fig. 3. The annual precipitation and the number of land subsidence occurrences in the (a) Chungcheongnam-do, (b) Chungcheongbuk-do,
and (c) Jeollabuk-do.
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Fig. 4. The monthly precipitation during the wet period and the number of monthly land subsidence occurrences in the (a)
Chungcheongnam-do, (b) Chungcheongbuk-do, and (c¢) Jeollabuk-do.
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Table 3. Population served by local and regional water supply system (a), and areas of Municipal Sewage Treatment Facilities (b) of the

study regions

(a) 2014 2015 2016 2017 2018 2019 2020 2021
Geumsan-gun 41,429 42,887 43,963 43,877 43,914 43,728 43,071 43,920
Buyeo-gun 50,047 50,509 44,138 53,603 57,066 56,469 57,813 57,345
Yesan-gun 51,681 53,317 55,733 56,308 57,221 60,486 63,460 62,609
Cheongju-si 811,373 814,740 820,539 823,350 826,639 829,335 833,516 836,711
Boeun-gun 16,185 16,577 17,669 18,175 17,867 17,781 17,612 17,771
Jangsu-gun 16,684 18,085 20,390 20,381 20,369 19,690 20,187 19,855
(b) 2014 2015 2016 2017 2018 2019 2020 2021
Geumsan-gun 23,823 23,823 24,250 24,250 24,250 24,250 24,250 24210
Buyeo-gun 35,316 40,518 40,518 40,518 40,518 40,518 40,518 40,518
Yesan-gun 150,425 150,425 150,425 150,425 150,425 150,425 130,607 130,607
Cheongju-si 679,585 689,966 515,542 515,542 515,542 515,542 515,542 515,542
Boeun-gun 31,302 31,302 31,302 31,302 31,302 31,302 31,302 31,302
Jangsu-gun 31,454 31,454 23,526 131,011 131,011 131,011 131,011 131,011
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