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 The presence of groundwater in the groundwater basin increases the potential 
of rainwater seeping into the soil and reaching the groundwater system. As a 
result, the soil takes longer to get saturation and maintain its stability. The 
groundwater basin stability is also influenced by the layer's lithological, soil, 
and morphological properties above the groundwater system and human 
activities on the land. The purpose of this study was to characterize the 
groundwater basins, non-groundwater basins, and landslides that happened in 
those locations in the tropical region of Bogor, Indonesia. The characteristics 
of landslide events, including lithological, groundwater table, soil, slope, and 
land use in each groundwater basin zone, were evaluated using quantitative 
descriptive analysis. The result showed 686 landslides from 2015 to 2019 that 
mainly occurred in the discharge zone, characterized by slope classes of 
>45%, soil types of Technosol (Inceptisols), Quaternary lithology periods, and 
settlement land use. The landslide type in the groundwater basin is dominated 
by surface landslides, while the landslides in the non-groundwater basin are 
mostly shallow landslide types. 
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Introduction 

Landslides are Indonesia's third-largest natural disaster 
after floods and tornadoes. Over the last ten years 
(2009-2019), over 4663 landslides occurred, 
accounting for 23.3 percent of all disasters, resulting in 
over 235 thousand fatalities, 35 thousand damaged 
dwellings, and 473 damaged public buildings, 
including health, religious, and education facilities 
(BNPB, 2019).  

In Bogor, 686 landslides occurred in landforms 
over groundwater basins between 2015 and 2019. 
Landslide susceptibility assessment resulted from 
lithology, land cover (Hidayat et al., 2019), and soil 

(Silalahi et al., 2019) are the dominant factors that 
caused landslides in Bogor. The lithology and soil as 
the static factors characterized the groundwater basin, 
while the land use as the landform above the 
groundwater basin is the dynamic factor triggering a 
landslide. Landslides in the Bogor area from 2015 to 
2019 mostly occurred in the discharge zone of the 
groundwater basin (the density of 0.00602 event/ha). 
Other landslides occur in the recharge zone of the 
groundwater basin (the density of 0.001126 event/ha) 
and the non-groundwater basin zone (the density of 
0.00048 event/ha) (Fata et al., 2020). Theoretically, the 
groundwater basin is more stable than the non-
groundwater basin. Since groundwater is available in 
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the groundwater basin, rainfall can permeate the soil 
and reach the groundwater system. Therefore, the soil 
is longer to reach saturation, except in the shallow 
groundwater basin. The groundwater basin itself 
consists of the recharge and discharge zones 
(Kodoatie, 2012). 

Groundwater and non-groundwater basins have 
different geological and morphological characteristics 
in recharge and discharge zones. The recharge zone 
has permeable lithology and high groundwater levels, 
allowing water infiltration to form a thick water 
column and high hydraulic pressure to fill the aquifer 
system. The discharge zone has impermeable lithology 
with shallow groundwater levels, preventing water 
column infiltration and providing hydraulic pressure to 
fill the aquifer system. The non-groundwater basin, on 
the other hand, has impermeable lithology, no aquifer 
system, and faults that induce morphological 
alterations. Groundwater basin aquifer systems allow 
water to infiltrate, and lithology without faults is more 
stable than non-groundwater basin lithology 
(Kodoatie, 2012). However, the groundwater basin 
stability is also influenced by the landform's 
lithological, soil, and morphological characteristics 
above the groundwater system and human activities on 
the land. The high rate of population growth and 
economic activity in Bogor has resulted in land-use 
change. Land-use change mostly has occurred in the 
groundwater basins of Bogor City and Regency. Land-
use change affects the land subsidence in the landform 
above groundwater basins. 

Land-use changes, such as converting natural 
land-covers to man-made land-covers such as 
developed areas of a building, settlement, industries, 
constructions, and agricultural lands with 
unappropriated, contributed to the fatal landslide 
(Froude and Petley, 2018). As an anthropogenic factor, 
human activity also causes changes in land cover and 
water use that reduce groundwater level by increasing 
pumping, decreasing recharge, or increasing 
groundwater abstraction by vegetation (Pourghasemi 
et al., 2017; Rahmati et al., 2019). 

Other elements influencing an area's stability 
include topography, slope steepness, soil type, rainfall 
attributes, earthquake, land use/cover, and human 
intervention (Marui and Wanfg, 2015; Froude and 
Petley, 2018; Segoni et al., 2018). The interaction of 
those factors with groundwater can modify geology 
properties and result in geological hazards such as 
landslides (Wu, 2003). 

Rainfall provides water that infiltrates the soil 
and excess water that flows as surface flows. The 
surface flow that creates canals causes shallow 
landslides (Hao et al., 2019; Marin and Velasquez, 
2019), and rainwater infiltrates the soil, increasing 

water content, decreasing matric suction, increasing 
pore-water pressure, and decreasing shear strength 
(Alsubal et al., 2019). Heavy rainfall creates a perched 
water table, significantly raising the groundwater 
table. Heavy rainfall forms a perched water table and 
raises the groundwater table extensively. The 
groundwater table rising is critical when reaching the 
slip surface of the slope that causes a deep-seated 
landslide (Kim et al., 2014; Ling et al., 2016). The 
infiltrated water and groundwater flow, which seepage 
out of slopes or in the foot slopes, such as springs, also 
triggered landslides (Denchik et al., 2019). 

Earthquake tremor reduces shear strength in 
some types of soil. When an earthquake occurs, the soil 
pores of loose fine sand soil or silt laid below the 
groundwater table swell, increasing pore water 
pressure. Earthquake-induced landslides, 84.7% of 
which were influenced by roads and rivers that form 
steep slopes, reducing the strength of the foot slope 
(Ling and Chigira, 2020). The earthquake reduces 
slope stability, resulting in landslides and liquefaction 
(Doi et al., 2019). Liquefaction typically occurs in 
saturated soil where the pore cavity is filled with water; 
when an earthquake occurs, the pore water pressure 
rises, causing a loss of shear strength. The soil further 
liquefies (Hutagalung and Tarigan, 2019). 

The multi-factors that cause landslides and the 
human intervention in the landform above 
groundwater basin and non-groundwater basin must be 
researched further better to understand the causes of 
landslides in the landform above groundwater basin 
and non-groundwater basin. This study aimed to 
characterize the landslide and its relationship with 
urban development in the landform above the 
groundwater basin and non-groundwater basin in the 
tropical region of Bogor-Indonesia. 

Materials and Methods 

Study site 

This study was carried out in the Bogor Area, 
including the Bogor Regency and City, West Java 
Province, Indonesia. The Bogor Area is located 
upstream of Jakarta, Indonesia's capital. The Bogor 
Area consists of Groundwater Basins (GwB) of Bogor 
Groundwater Basin (BGwB), Serang-Tangerang 
Groundwater Basin (STGwB), Jakarta Groundwater 
Basin (JGwB), and Bekasi-Karawang Groundwater 
Basin (BKGwB), as well as Non-Groundwater Basin 
(Non-GwB) (Groundwater Basin map scale 1: 
125000). The GwB occupies 152412.5 ha (54.8%) of 
the Bogor Area, while the Non-GWB occupies 
125837.5 ha (44.2%). The discharge zone in Bogor 
Area is only in the BGwB, and the area is 51.8% of 
GwB or 28.4% of Bogor Area (Figure 1 and Table 2). 
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Figure 1. Groundwater basin in Bogor area. 

Data collection 

The data types and sources used in the study are presented in Table 1. 
 
Table 1 The data types and sources. 

Data Type Time Series Data Source Note 
Landslide 2015-2019 Regional Disaster Management Agency of West Java 

(Badan Penanggulangan Bencana Daerah, BPBD) 
Location and area of 

impact 
Governmental 
Administration 
Boundaries 

2019* Geospatial Information Agency (Badan Informasi 
Geospatial, BIG) 

Bogor area 

Lithology and 
structure 

2019* Ministry of Energy and Mineral Resources (Kementerian 
Energi dan Sumber Daya Mineral, ESDM) 

Geological map, scale 1: 
50000 and attributes 

Slope steepness 
classes 

2019* Generated from the National Digital Elevation Model 
(DEMNAS) of BIG 

The spatial resolution of 
5 m x 11.25 m and 

mapped at Scale 1:25000 
Soil types and 
properties 

2019* Center for Research and Development on Agricultural 
Land Resources (Balai Besar Litbang Sumber Daya Lahan 

Pertanian, BBSDLP) 

Soil map, scale 1: 50000, 
and attributes according 
to World Reference Base 

(WRB) for a soil 
classification system 

Land use 2015-2019 Generated from SPOT 6 and 7 imagery of Indonesian 
National Institute of Aeronautics and Space (Lembaga 

Penerbangan dan Antariksa Nasional, LAPAN) 

Spatial resolution 1.5 m x 
1.5 m, interpreted 

visually at scale 1:25000 
Earthquake 2015-2019 USGS (United States Geological Survey) (2020) and 

Meteorology Climatology and Geophysics Agency (Badan 
Meteorologi, Klimatologi, dan Geofisika, BMKG) 

Magnitude and 
earthquake depth 

Faults 2017 Ministry for Public Works and Human Settlements 
(Kementerian Pekerjaan Umum dan Perumahan Rakyat, 

PUPR) 

Fault map 

Rainfall 2015-2019 BMKG of West Java Province and BMKG (2020) Daily rainfall 
Groundwater 
basin 

2019* Ministry of Energy and Mineral Resources (ESDM) Groundwater basin map 
scale 1: 125000 

Note: * downloaded. 
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Data analysis 

Spatial analysis was carried out to analyze the spatial 
distribution of landslides. The landslides distribution 
map was overlaid with a groundwater basin, lithology, 
soil, slope steepness class, rainfall distribution, 
earthquake, and land-use maps. The results of this 
spatial analysis were used to determine the landslides 
to be ground-checked. The ground check was carried 
out to check the landslide locations, land covers/uses, 
slope steepness, solum depth, and the landslides 
dimension. The ground-checked landslides were 
chosen purposively to represent the heterogeneity of 
land covers/uses, slope steepness classes, lithology, 
and soil types according to WRB for the soil 
classification system, considering the accessibility of 
landslide locations. 

Characterization of the landslide and the 
landform above groundwater basin 

The 72 of 686 landslides that occurred in the Bogor 
area from 2015 to 2019 (BNPB, 2019) were selected 
to ground check the parameters of slope steepness, 
landslide depth, land use types, and the presence of 
human activities. The landslide characteristics were 
analyzed using frequency analysis and quantitative 
descriptive analysis. 

Results and Discussion 

Groundwater basin characteristics 

Table 2 shows the general characteristics of GwB and 
Non-GwB in the Bogor area. Figure 2 shows the land-

use change in the landform above GwB and Non-GwB 
of Bogor Area. Figures 3, 4, and 5 show the spatial 
distributions of lithology, soil type, slope steepness, 
and groundwater basin. 
 Land-use change from 2015 to 2019 is shown in 
Figure 2. Land use in the study area is dominated by 
mixed plantations by 50% (2015) and reduced to 38% 
(2019) of the total area. Garden land use decreased 
from 5% to 4% (2015-2019). However, forest land use 
and settlement land use increased from 18% to 24% 
and from 15% to 18% (2015-2019). Meanwhile, 
waterbody, vacant land, mining land, paddy field, and 
shrubs and bushes remained constant during 2015-
2019. The decreased area of the garden and mixed 
garden is dominantly changed into forest and 
settlements (Figure 2). 
 The geology of GwB and non-GwB in the Bogor 
Area is dominated (68%) by Quaternary Period 
lithology as young lithologies. Another lithology is 
formed in the Neogene Period as the older lithologies. 
The Quaternary Period lithology dominated the GwB 
discharge and recharge zones, whereas Neogene 
Period lithology dominated the non-GwB (Table 2). 
The young lithologies are less stable than the old 
lithologies. Alluvium Fans, Endut Volcanic, and Older 
Deposits are the dominant lithology of the Quaternary 
Period, and the Bojongmanik and Jatiluhur Formations 
are the lithologies of the non-GwB Neogene Period 
(Figure 3). Cambisols soil dominates the Bogor Area, 
accounting for 56% of the total area. Cambisols soil 
type dominated in the discharge zone of GwB and non-
GwB, whereas Arenosols soil type dominated in the 
recharge zone of BGwB (Table 2 and Figure 4). 

 

 

Figure 2. Land use change from 2015 to 2019 in landform above GwB and Non-GwB of Bogor area. 
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Table 2 The characteristics of GwB dan non-GwB parameter. 

Parameter (unit) 
Class/ 
Type/ 

Presence 

GwB 
Non-
GwB 

Discharge 
Zone 

Recharge 
 Zone 

BGwB BGwB STGwB BKGwB JGwB Total 
Total Area (ha) Area 79019.0 34046.6 9663.9 27943.4 1739.7 73393.5 125837.5 

Geology (ha) 
Quaternary 76588.9 33825.3 4613.5 21615.3 1721.1 61776.0 49763.0 
Neogene 2430.1 221.3 5050.4 6328.1 18.6 11617.5 76074.5 

Soil (ha) 

Andosols 9749.7 5280.0 28.5   5308.4 13488.2 
Anthrosols 1944.5 184.9    184.9  
Arenosols 7200.2 19320.1    19320.1 8985.6 
Cambisols 38495.9 3725.9 8258.9 19159.4 1739.7 32883.9 83404.7 
Fluvisols 120.0       
Gleysols 4132.6 3.1 1376.5 3214.5  4594.1 9025.2 
Luvisols 294.4   5569.5  5569.5 10866.8 
Regosols 9371.2 5379.3    5379.3 66.7 
Technosols 7710.5 153.3    153.3 0.3 

Slope (ha) 

<8% 39622.2 9973.2 6327.1 8865.8 1739.7 26905.8 39766.3 
8–15% 30832.9 9194.0 2905.9 14843.4  26943.3 41897.1 
15–25% 8028.3 9795.7 370.0 3545.0  13710.7 24748.5 
25–40% 5973.5 5034.7 24.3 684.7  5743.7 14806.6 
>40% 535.5 49.0 36.6 4.5  90.0 4619.0 

Rainfall (mm/year) High  3040 

Fault (-) 
Present(P)/ 

P A A A A  P 
Absent (A) 

Earthquakes (SR) Magnitude 2.22 – 6.09 

Groundwater (m) 
below soil 
surface 

2–40 2–22 0–150 8–160 0–250  1–27 

Notes:  
Andosols : Soil distinguished by Fe/Al chemistry (Allophanes or Al-humus complexes) 
Anthrosols  : Soil with strong human influence (Long and intensive agriculture use) 
Arenosols : Soil with little or no profile differentiation (Sandy) 
Cambisols : Soil with little or no profile differentiation (Moderately developed) 
Fluvisols : Soil with little or no profile differentiation (Stratified fluviatile, marine, and lacustrine sediment) 
Gleysols : Soil distinguished by Fe/Al chemistry (Groundwater-affected, underwater, and in tidal areas) 
Luvisols  : Soil with clay-enriched subsoil (high-activity clays, high base status) 
Regosols : Soil with little or no profile differentiation (No significant profile development) 
Technosols  : Soil with strong human influence (Containing significant amounts of artefacts) 
 

Cambisol soil types have deep solum, fine to moderate 
texture, and good drainage, whereas Arenosol soil 
types have moderate–deep solum, slightly coarse 
texture, and fast drainage. Andosols, Anthrosols, 
Fluvisols, Gleysols, Luvisols, Regosols, and 
Technosols are also found in the area. Based on the 
United States Department of Agriculture (USDA) soil 
classification system, those soil also classified as 
Alfisols, Andisols, Entisols, and Inceptisols soil type. 
Inceptisols soil dominates 89% of the total area, 
resulting in the soil type classified by WRB soil 
classification system dominated by Inceptisols. The 
total area of Alfisols, Andisols, and Entisols are 2%, 
0.5%, and 8%, respectively. Those soil types are 
distinguished by deep solum. Soil types with a deep 
solum, coarse texture, well drainage, and groundwater 
table have a greater capacity to store water and 
infiltrate water deeper than soil types with a medium 

solum depth. When soil water is laid on the aquifer 
(recharge zone), it can penetrate or percolate to reach 
the aquifer system. 

The discharge zone of the groundwater basin is 
dominated by slope classes of 8%, whereas slope 
classes of >8% dominate the recharge zone and non-
groundwater basin (Figure 5). Slope failure is more 
likely on steeper slopes than on gentler slopes. The 
earthquake frequently occurs in the Bogor area. 
According to Meteorology Climatology and 
Geophysics Agency (BMKG) and the United States 
Geological Survey (USGS), from 2015 to 2019, 1584 
earthquake events with magnitudes of 2.22–6.09 
occurred at depths greater than 10 km (Table 2). The 
largest earthquake, with a magnitude of 6.09, was 
recorded on January 23, 2018. Earthquake-induced 
earthquake-triggered landslides during and after the 
earthquake (Doi et al., 2019). 
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Figure 3. Lithology distribution in GwB and Non-GwB of Bogor area. 
 

 

 

Figure 4. Soil types distribution in GwB and Non-GwB of Bogor area. 
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Figure 5. Slope steepness classes distribution in GwB and Non-GwB of Bogor area. 
 

Bogor Area is a moist tropical region with frequent and 
heavy rainfall. Over the last five years, the average 
annual rainfall was 3040 mm/yr. The maximum daily 
and monthly rainfall totaled 164 mm/day and 907 
mm/month, respectively. The average number of 
rainfall days per month was 20 days, and the maximum 
number of rainfall days per month was 29 days. Heavy 
and frequent rainfall accelerates soil saturation and the 
rise of the water table, both of which cause landslides 
and slope failure. The dominant man-made slope can 
efficiently reduce land sliding through controlled 
surface water flow using a rainwater drainage system 
in a developed area. 

Landslide characteristics 

The number of landslides that occurred in the Bogor 
area from 2015 to 2019 was 686, and based on 
mapping landslide location on Ground Water Basin 
Map scale 1:125000, the landslides mainly occurred 
(77%) in the GwB discharge zone. Landslides 
occurred in the recharge zone at a rate of 13% (92 
landslides) and 10% (67 landslides), respectively 
(Figure 6). Figure 7 represents the spatial distribution 
of the 686 landslides in the Bogor area. Considering 
the area of each zone of the GwB and non-GwB, the 
density of landslide occurrence in discharge, recharge 
zones, and non-GwB were 0.67, 0.13, and 0.05 
landslides/km2, respectively. 

The 686 landslides have 172 different characteristics 
of geology (A), slopes steepness (B), soil type (C), the 
presence of earthquakes (D), land use type (E), and 
rainfall intensity (F). The landslide characteristics that 
occurred ≥5 times during 2015-2019 are presented in 
Figure 8. The data in Figure 7 shows the landslides in 
Discharge and Recharge Zones of GwB as well as in 
Non-GwB occurred in quarternary period geological 
period (A1), the soil types of Technosols (C9), 
Cambisols (C4), and Regosols (C8), absence 
earthquake (D2), land use of settlements, agriculture 
lands, any range of rainfall intensities, and slope 
steepness <8%. 
 

 

Figure 6. The number of landslides occurred in 
discharge and recharge zones of GwB and Non-

GWB. 
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Figure 7. Spatial distribution of landslides in GwB and Non-GwB in Bogor area. 

 
 

  
Figure 8. The landslide characteristics which their occurrence ≥ 5 times. 

A : Geological Period; (A1) Quaternary and (A2) Neogene 
B : Slope steepness class; (B1) <8%; (B2) 8-15%; (B3) 15-25%; (B4) 25-40%; (B5) >40% 
C : Soil Type; (C1) Andosols; (C2) Anthrosols; (C3) Arenosols; (C4) Cambisols; (C5) Fluvisols; (C6) 

Gleysols; (C7) Luvisols; (C8) Regosols; (C9) Technosols  
D : Earthquake; (D1) Presence; (D2) Absent 
E : Land Use/Cover; (E1) Settlement and Industry; (E2) Shrubs and Bushes; (E3) Agriculture; (E4) Forest 
F : Cumulative rainfall; (F1) >50 mm/5 days; (F2) 50-100 mm/5 days); (F3) >100 mm/5 days 

 
 
The Quaternary period lithologies cover 97 percent of 
the Bogor area (Table 2), and this lithology is more 
prone to landslides than the older Neogene period 
lithology. The soil type of Technosols is a strongly 
human-influenced soil with a high concentration of 
artefacts (FAO, 2015). The strong human influence on 

soil results in changes in soil properties, which affect 
soil stability. The other Cambisol soil type has good 
slope stability properties. However, the presence of 
settlement on that soil may cause a change in the bulk 
density of the soil, which, when combined with 
improper land preparation during settlement 
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development, results in land stability. The earthquake 
event did not affect the landslides in the Discharge 
Zone and the Recharge Zone of GwB and Non-GwB 
from 2015 to 2019 (D2). The tremor of earthquakes is 
a driving factor of landslide occurrence, which tends 
to reduce land stability; however, for physically 
unstable land, the absence of earthquake will cause 
landslide when other driving factors, such as rainfall 
and human activities, appear. Some studies showed 
that landslide mainly occurs in the construction areas 
(Jacobs et al., 2016; Hemasinghe et al., 2018; 
Pourghasemi et al., 2019a; Pourghasemi et al., 2019b). 

Based on Figure 8, the landslides mainly 
occurred in the flat to gentle slopes (slope steepness < 
25% (B1-B3). However, the ground check results 
showed that landslides occurred on slopes steeper than 
45 percent (Table 4). This difference demonstrates that 
the slope steepness map generated from DEMNAS 
data with a spatial resolution of 5 m x 11.25 m and 
mapped at a scale of 1: 25000 is insufficient to describe 
the slope of generally small landslides with steep 
slopes in short horizontal distances. 

The relationship of landslide and urban 
development in landform above GwB 

Land-use change on landforms above GwB and non-
GwB (Figure 2) indicates land-use change tendency, 
especially as a residential area. The relationship 
between land-use change in settlement and the 
population increase is presented in Table 3. The 
settlement increase for 5 years was accompanied by an 
increase in population (Table 3). Land use above the 
discharge zone increased every year, with the highest 
increase was in 2017. Meanwhile, land use above the 
recharge zone has increased almost 2 times in the same 
year and has increased almost 3 times in 2018 and 
decreased in 2019. In non-GwB, settlement decreased 
in 2016 and increased to almost double in 2018. 
Overall, the increase in settlements on land above 
discharge and recharge zones was 5% and 19%, 
respectively, while settlements on landform above 
non-GwB GwB experienced an average decrease of 
1%. The total increase in settlements on landforms 

above GwB and Non-GwB is 5%, accompanied by a 
population increase of 2% per year. 
 The discharge zone of the GwB is dominated by 
settlement. In contrast, the recharge zones of the 
groundwater basin and non-groundwater basin are 
dominated by paddy fields and mixed gardens, 
respectively (Table 2). The rapid development occurs 
in the discharge zone of GwB, which discovered many 
activities that modify the natural slope and soil 
properties and affect landslide vulnerability. 
 Table 2 also shows that the landslides were 
mainly surface landslides (45 of 72), with 24 surface 
landslides occurring on slopes greater than 70%. Only 
six shallow landslides occurred on slopes of more than 
70%. While the number of landslides occurrences of 
surface and shallow landslides on slopes of 45-70 
percent was the same, 21 landslides respectively. 
Surface landslides with slopes of more than 70% 
mainly occurred (22 of 24 landslides) in the GwB 
Discharge Zone, with land-use types of settlements 
and agricultural lands. Surface landslides with 45-70 
percent slopes mainly occurred (15 of 21 landslides) in 
the GwB discharge zone with land-use types of 
settlements and agricultural lands. Figure 8 represents 
field photos of surface and shallow landslides on steep 
to very steep slopes. The occurrence of groundwater 
outflow on the foot slope of the GwB discharge zone 
was uncommon, with only three landslide cases 
occurring in the foot slope or the location of the 
landslide exhibiting groundwater outflow. Based on 
ground checked landslide characteristics, the 
landslides in the discharge zone were caused by 
intensive human activities that disrupted slope stability 
and less appropriate construction to stabilize created 
slopes, as well as the naturally steep to very steep 
slopes. The rapid development caused human 
intervention in the natural slope, characterized by a 
surface landslide, topless landslide type, and small 
landslide area, which changed the slope stability 
(Zhang and Liu, 2009). In developing countries, 
unsustainable environmental management and 
protection were responsible for 95% of landslides 
(Temesgen et al., 2001; Pourghasemi et al., 2017). 

 

Table 3 The relationship between settlement land use and human population. 

Years 
GwB Zone Non-GwB 

(ha) 
Total 
(ha) 

Population* 
(people) Discharge (ha) Recharge (ha) 

2015 41472.3 15.5 40.5 41528.4 6507590 
2016 42188.2 13.4 29.2 42230.8 6652077 
2017 49223.4 23.4 33.3 49280.0 6796018 
2018 49443.3 64.3 58.0 49565.6 6937735 
2019 50267.4 56.2 48.6 50372.2 7077491 

*Source: Indonesian Central Statistics Agency (Badan Pusat Statistik (BPS)) (2016-2020). 
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Figure 9. Surface and shallow landslides on steep to very steep slopes, (A) Surface landslide on settlement, very 

steep slope (>70%); (B) Surface landslide on agriculture, very steep slope (>70%); (C) Shallow landslide on 
settlement, steep slope (>45–70%); (D) Shallow landslide on the forest, steep slope (>45-70%). 

 

Table 4 Ground-checked landslide characteristics. 

No Ground checked Landslides Characteristics 
GwB Zone 

Non-GwB   Discharge Recharge 
1 [>70%]-[Settlement]-[Disturbed]-[Surface] 12 0 0 12 
2 [>70%]-[Agriculture]-[Disturbed]-[Surface] 10 0 0 10 
3 [>70%]-[Road]-[Disturbed]-[Surface] 1 0 0 1 
4 [>70%]-[Forest]-[Disturbed]-[Surface] 0 1 0 1 
5 [>70%]-[Settlement]-[Disturbed]-[Shallow] 2 0 1 3 
6 [>70%]-[Road]-[Disturbed]-[Shallow] 0 0 1 1 
7 [>70%]-[Forest]-[Disturbed]-[Shallow] 0 1 1 2 
8 [>45-70%]-[Settlement]-[Disturbed]-[Surface] 8 0 0 8 
9 [>45-70%]-[Agriculture]-[Disturbed]-[Surface] 5 0 2 7 

10 [>45-70%]-[Forest]-[Disturbed]-[Surface] 1 3 1 5 
11 [>45-70%]-[Road]-[Disturbed]-[Surface] 1 0 0 1 
12 [>45-70%]-[Agriculture]-[Disturbed]-[Shallow] 5 4 5 14 
13 [>45-70%]-[Settlement]-[Disturbed]-[Shallow] 3 0 1 4 
14 [>45-70%]-[Road]-[Disturbed]-[Shallow] 0 0 3 3 

 
Total 48 9 15 72 

Note: [slope steepness]-[Land Use Types]-[disturbed=Presence human activities]-[type of landslide; surface < 1.5 m; 
shallow >1.5 – 10 m]. 
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The geological and geomorphological structure can be 
vulnerable to landslides because of the landform above 
the groundwater basin. The number of buildings has 
expanded dramatically in the landform with high 
population density making the slope instability. Proper 
urban development management is required to restrict 
development in vulnerable landslide urban areas, 
conserve existing development and population, 
implement mitigation and monitoring systems. 

Conclusion 

The 686 landslides that occurred from 2015 to 2019 
were mainly surface landslides in the discharge zone 
of the groundwater basin. Quaternary period lithology 
structures the geology of the discharge zone. This 
Quaternary period lithology also formed the 
groundwater basin's recharge zone, whereas the older 
Neogene period lithology formed the majority of the 
non-groundwater basin. 

Landslides occurred in the discharge and 
recharge zones of groundwater basins, as well as in 
non-groundwater basins when the slope steepness was 
greater than 45%, and the soil types were Technosols, 
Cambisols, and Regosols, there was no earthquake, no 
settlements, no agriculture, and any range of rainfall 
intensities. 

The frequent landslides in the discharge zone of 
the groundwater basin were caused by intensive 
human activities that disrupted slope stability and less 
appropriate construction to stabilize created slopes, 
naturally steep to very steep slopes and vulnerable soil 
properties. 
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