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Abstract. Land Subsidence is a phenomenon of subsidence of the land surface
compared to the reference point. This phenomenon can be caused by natural
factors, groundwater extraction, and building factors. Geoelectrical method was
used to analyze the subsurface conditions in Curugpanjang consisting of four
lines. In this study, the potential value (V) and current strength (I) will be obtained
which will be used to calculate the resistivity value. Data processing from the
measurement results is carried out using the Res2Dinv software. The subsurface
image of the resistivity value obtained shows that the area has the same rock layers,
namely groundwater, clay or soil, mudstone, sandstone, tuff, slit-clay, and pumice.
The layer that is thought to act as a subsidence area is clay or soil (1–100) mwhich
is found throughout the track with a range of layer depths (0–9) m. The pattern
of soil resistivity shown by geoelectric images is an area with layers composed of
rocks that have a high level of porosity. High rainfall results in an increase in the
volume of water that is absorbed in the rock cavity so it has the potential to cause
land subsidence.

Keywords: Geoelectrical · Land Subsidence · Resistivity · Wenner
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1 Introduction

Land subsidence is the slow deposition or rapid subsidence of discrete segments of the
soil surface due to sediment consolidation which results in the movement of soil material
below the surface experiencing an increase in effective stress [1, 2]. Land subsidence
can occur due to a large amount of groundwater has been lost from certain rock types,
also influenced by endogenic and exogenic factors. Groundwater extraction is one of the
causes of land subsidence, which begins with the compaction of the aquifer system [1].
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Fig. 1. Land subsidence in Curugpanjang

In 2022 land subsidence occurred in Curugpanjang Village and caused some damage
as shown in Fig. 1. This phenomenon occurred due to an earthquake of 5.5 SR that hit
Lebak Regency in February [3]. In addition, land subsidence in Curugpanjang occurs
due to heavy rainfall. The impact of land subsidence in Curugpanjang is damage to
houses up to 43 houses and damage to the main road section Sampay–Cikulur [4].

Investigation of subsurface lithological conditions is needed to analyze the causes of
land subsidence [5]. In this case, the investigation in question is to utilize the geoelectric
method. The resistivity geoelectric method is one of the geophysical methods based
on the application of electrical concepts to earth problems [6, 7]. This method has
been widely used in exploration activities such as determining aquifers, analyzing the
structure of the earth’s layers, and searching for minerals [8]. In addition, this method
was chosen because of its ability to detect rock types based on their resistivity values
[9, 10]. In general, rock resistivity is divided into three, namely a thin resistive surface
layer, a middle conductive layer, and a more resistive basement [11, 12]. This research
was conducted to determine the cause of land subsidence by analyzing the structure of
the subsurface layer using the geoelectric resistivity method.

2 Location and Method

Geographically, the research location is at the coordinates of 6º22′52.82′′S
106º08′44.71′′E which is shown in Fig. 2a. This research was conducted in March 2022
using the Wenner configuration resistivity geoelectric method with four lines, namely
Line CK-1, Line CK-2, Line CK-3, and Line CK-4, where Line CK-4 intersects another
line. Figure 2b shows the shape of the trajectory used in the study. A total of 16 current
and potential electrodes were installed at a distance of 5 m each. The blue line is the
subsidence path found at the research site.

The geoelectric method utilizes an electric current that is injected into the soil layer
through two current electrodes to produce a potential field [13]. The potential value that
arises as a result of this process will be measured using two potential electrodes that
are plugged into the ground surface [14]. This value is processed using an algorithm
to obtain a 2D modeling of the subsurface structure of the earth. The software used in
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Fig. 2. (a) Location research (b) Line measurement

Fig. 3. Wenner configuration schematic

processing resistivity data is Res2Dinv [15, 16]. Figure 3 shows the schematic of the
resistivity geoelectric method.

where:
A, B = Current electrode
M, N = Potential electrode
a = Space between electrode
Variation of apparent resistivity value (ρ) can be found in the equation [14]

ρ = K
V

I
(1)

which K is the geometric factor of the electrode configuration [10, 17].
The 2D model that has been obtained from the processing process is analyzed and

compared with the real situation at the research site so that conclusions can be drawn on
the causes of land subsidence.

3 Results and Discussions

Figure 3 is the result of field data processing which shows the lithological conditions of
the four paths that are used as data collection points. Each measurement has a depth and
length of a track length of 13.5 m and 80 m.
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The resistivity value on Line CK-1 is ±0.421–5701 �m with an error of 9.3% for
25 iterations. The CK-2 line has a resistivity value of ±0.00107–1689 �mwith an error
presentation of 18.5% for 25 iterations. The resistivity value on Line CK-3 is±0.00381–
1747 �m with 19.2% error presentation and 25 iterations. The resistivity value on Line
CK-4 is ±0.932–1310 �mwith an error presentation of 29%, and 25 iterations (Fig. 4).

Line CK-1 is a track that has a higher resistivity value than other lines. This track
consists of Andesite rocks at a depth of ±3.88–13.5 m with a resistivity value of ±2000
�m. However, to a depth of ±9 m, a small part of Line CK-1 is composed of rocks with
low resistivity values up to±200�m such as clay, tuff, sandstone, slit-clay, and pumice.
The CK-2 line indicates rocks with low resistivity are at a depth of ±3–13.5 m. These

Fig. 4. 2D cross-sectional model (a) Line CK-1 (b) Line CK-2 (c) Line CK-3 (d) Line CK-4
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rocks include clay, tuff, sandstone, slit-clay, and pumice which are mostly found in the
middle of the track.

Line CK-3 is the point of greatest damage due to the land subsidence phenomenon
(Fig. 1). If viewed from the results of 2D modeling in Fig. 3, it can be concluded that
Line CK-3 has similarities with Line CK-2. The difference between these two lines is
the trajectory point, where Line CK-3 is in the center of residential areas so that the total
load on the ground surface is greater than Line CK-2. This is an estimate of the high use
of water through wells in the house so that the extraction of water under the soil layer
is very high. This situation triggers a large potential for damage when land subsidence
occurs.

Line CK-4 has a rocky composition similar to Line CK-2 and Line CK-3. The CK-4
line is dominated by rocks that have low resistivity. This trajectory was made to cut
Line-CK3 and it was found that the results were in accordance with the conditions at
the research site, namely major damage in the center of residential areas.

Figure 5 shows the relationship between the four paths in 3D. The transverse red
line that intersects Line CK-2 and Line CK-3 is the land subsidence line in the research
location.Land subsidence that occurs inCurugpanjang is causedby the slowcompression
of alluvial deposits, rock characteristics, and groundwater extraction for daily needs
(extraction). Excessive extraction of groundwater will increase the tension between soil
grains in unconsolidated aquifers.

From the geotechnical aspect, land subsidence is a deformation process that has the
potential to occur in soft layers such as clay. This type of clay rock has the greatest
shrinkage swelling power so its presence is the main factor that determines its expansive
nature or can experience changes in volume due to changes in water content in it [18].

Fig. 5. 3D view
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In addition, pumice (Pumice) also has a major influence on the occurrence of land
subsidence because it has high vesicular properties, and contains a large number of
cells (cellular structure) due to the expansion of the gas foam contained in it. The high
porosity value without water consolidation makes it easy to crush when spontaneously
loaded. High rainfall in Curugpanjang Village increases the volume of water that settles
on the clay layer below the soil surface. This situation is coupled with the intensity of
earthquakes that often occur in Lebak Regency in 2022 so that the condition of the soil
layer becomes unstable.

4 Conclusion

Land subsidence that occurs in the Curugpanjang area is influenced by the physical
and mechanical properties of the soil as well as excessive groundwater extraction. The
measurement depth achieved in this study is 13.5 m with a rock resistivity value of
around 0.00107–5701 �m. The subsurface structure is dominated by rocks that have
low resistivity so land subsidence has the potential to occur. This rock has a resistivity of
about 0.00107–200 �m including groundwater, mudstone, clay, tuff, sandstone, crevice
clay, and pumice.

Acknowledgement. The author would like to thank all parties who have helped during the
research process of this waste pollution. The author would also like to thank LPPM and FMIPA
ITB for supporting all the research that has been carried out.

References

1. Devin, L.G., Thomas, J. B.: Regional Land Subsidence Accompanying Groundwater
Extraction. Hydrogeol Journal. (2011)

2. Ma, T., Du, Y., Ma, R., Xiao, C., Liu, Y.: Review: Water-rock Interaction and Related Eco-
environmental Effect in Typical Land Subsidence Zone of China. Hydrogeology Journal. vol.
26 (5), pp. 1339-1349. (2018)

3. Kautsar, N. D.: Dipicu Gempa, Ini Potret Ruang Kelas di Lebak Banten yang Ambles
Hingga 5 Meter. Merdeka.com, 6 Februari 2022. [Online]. Available: https://www.merdeka.
com/jabar/dipicu-gempa-ini-potret-ruang-kelas-mts-ar-ribathiyah-di-lebak-ambles-hingga-
5-meter.html. [Accessed 30 October 2022].

4. Suryana, M.: Diguyur Hujan Lebat, Ruas Jalan Sampay - Cikulur Kabupaten Lebak Ambles.
Antara Banten, 2 Maret 2022. [Online]. Available: https://banten.antaranews.com/berita/207
089/diguyur-hujan-lebat-ruas-jalan-sampay-cikulur-kabupaten-lebak-ambles. [Accessed 30
October 2022].

5. Sikandar, P., Bakhsh, A., Arshad,M., Rana, T.: TheUse of Vertical ResistivityMethod for The
Location of LowSalinityGroundwater for Irrigation inChaj andRachnaDoabs. Enviromental
Earth Sciences, vol. 60 (5), pp. 1113-1129. (2009)

6. Rusdiana, R., Nurhasan, Vridi, S., Fitriani, D.: Investigation The Vulnerability Potential of
Landslide in Jayagiri Area Using The Geoelectric Method. J. Physics, (2021)

https://www.merdeka.com/jabar/dipicu-gempa-ini-potret-ruang-kelas-mts-ar-ribathiyah-di-lebak-ambles-hingga-5-meter.html
https://banten.antaranews.com/berita/207089/diguyur-hujan-lebat-ruas-jalan-sampay-cikulur-kabupaten-lebak-ambles


Land Subsidence Analysis Based on 2D Resistivity Modelling 179

7. Nurhasan, O. Y, U. N, B. T. S, H. Y, O. S,M. T andM.M.: Two Electrical Conductors Beneath
Kusutsu-Shirane Volcano, Japan Imaged by Audio Magnetotellurics and Their Implications
for The Hydrotermal System. Earth Planets Space, vol. 53, p. 1053 - 1059 (2006)

8. Reynolds, J. M.: An Introduction to Applied and Environmental Geophysics, NewYork: John
Willey and Sons (1998)

9. Situmorang,H.,Nurhasan, Rusdiana, R., Viridi, S., Fitriani, D.: Subsurface StructureAnalysis
of Landslide Potential Areas Based on Electrical and Physical Properties of Soil. Journal of
Physics: Conference Series, IOP Publishing. (2022)

10. Wang, S., Malehmir, A., Bastani, M.: Geophysical Characterization of Areas Prone to Quick-
clay Landslides Using Radio-magnetotelluric and Seismic Method. Tectonophysics, p. 248 -
260. (2016).

11. Diba, D., Nurhasan, Sutarno, D., Ogawa, Y.: Subsurface Structure Around Mas Crater of
Papandayan Volcano Based on Magnetotelluric and Geomagnetic Data. Journal of Physics,
Conference Series, IOP Publishing. (2021)

12. Nurhasan, S. D, S. W, Viridi, S. F. D: Integrated Geophysical Measurements for Subsurface
Mapping at Papandayan Volcano, Garut, Indpnesia (Preliminary Result). American Institute
of Physics Conference Proceeding. vol. 1454, p. 154. (2012)

13. Hashimoto, T. M. T, N. Y, O. Y, U. N, O. M, S. M, Nurhasan, M. S, W. T, Y. R, W. H. A, U.
M and T. Y.: Self-potential Studies in Volcanic Areas (5) -Rishiri, Kusatsu-Shirane Volcano,
Japan, andWhite Island. J. Fac. Sci. Hokkaido Univ. Vols. Ser. VII, 12, 2, pp. 97–113. (2004)

14. Telford, W. M., Geldart, L. P., Sheriff, R. E.: Applied Geophysics: Second Edition, England:
Cambridge University Press (1990)

15. Loke, M. H.: Res2Dinv ver. 3.54. Rapid 2-D Resistivity and IP Inversion Using The Least-
squares Method. Geoelectrical Imaging 2-D and 3-D, Deotomo Software. March Ed. (2004).

16. Crawford, M. M., Bryson, L. S., Woolery, E. W., Wang, Z.: Using 2-D Electrical Resistivity
Imaging for Joint Geophysical and Geotechnical Characterization of Shallow Landslides.
Journal of Applied Geophysics. vol. 157, pp. 37-46 (2018)

17. Ling, C., Xu, Q., Zhang, Q., Ran, J., Lv, H.: Application of Electrical Resistivity Tomography
for Investigating The Internal Structure of A Translational Landslide and Characterizing
Its Groundwater Circulation (Kualiangzi Landslide, Southwest China). Journal of Applied
Geophysics. vol. 131, pp. 154 - 162 (2016)

18. Yulianti,A., Sarah,D., Soebowo,E.: PengaruhLempungEkspansi terhadapPotensiAmblesan
Tanah di Daerah Semarang. Indonesian Journal of Geology and Mining. vol. 22, p. 2. (2012)

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

http://creativecommons.org/licenses/by-nc/4.0/

	Land Subsidence Analysis Based on 2D Resistivity Modelling of DC Resistivity Method in Curugpanjang, Banten
	1 Introduction
	2 Location and Method
	3 Results and Discussions
	4 Conclusion
	References




