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Abstract. South Sumatera is one of the provinces with a large number of lowlands in Indonesia 
consisting of tidal land and lowland swamps, one of which is located in Tanjung Api-Api. The 
conversion of lowlands into built-up areas will cause physical, socio-economic, environmental, and 
public health impacts. One of the impacts arising from the development of settlements and 
infrastructure in lowland areas is land subsidence and flooding. The purpose of this research is to 
create a model for mitigating land subsidence in lowland areas spatially.  The spatial model is carried 
out by weighting with Analytical Hierarchy Processes (AHP) and then mapping mitigation efforts that 
will be carried out based on the potential for land subsidence. The results show that if the lowland 
area is developed into an industrial and residential area, it will have an impact on land subsidence 
with a moderate to high potential level. Based on the zoning of the potential for land subsidence, the 
best pre-disaster mitigation efforts to do are choosing the type of construction according to the type 
of soil, conserving groundwater, maintaining infiltration areas and green open spaces, and regional 
spatial planning.

1 Introduction 
The plan of development of a special economic zone in 
Tanjung Api-Api will change the environmental 
ecosystem, a large-scale landfill at the research site will 
affect environmental conditions, including the 
surrounding soil conditions. This will affect the lowland 
ecosystem in the region because lowlands have a very 
large environmental role. The development of residential 
and industrial areas on a large scale in the Tanjung Api-
Api area will trigger land subsidence. Land subsidence is 
a problem faced by many big cities in the world and 
Indonesia. The impact of land subsidence will have direct 
and indirect impacts on human life;  both physical, socio-
economic, health, and environmental impacts [1]. To 
reduce the impact arising from land subsidence, it is 
necessary to carry out mitigation. Mitigation is an action 
to reduce the effects of natural disasters so that the 
resulting disasters do not cause a major impact. Disaster 
Mitigation Actions include the collection and analysis of 
disaster data to reduce the level of vulnerability and 
danger of a disaster, predict disaster events, preparedness, 
emergencies, and socialization of disasters through print 
media and lectures [2]. 

Natural disasters are a series of events caused by 
nature. Natural disasters can be caused by natural factors, 
such as geological factors, geomorphology, high rainfall, 
and others [3]. This will trigger natural disasters, such as 
floods in the rainy season and drought in the dry season, 
landslides and ground movements, land subsidence and 
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liquefaction, earthquakes and tsunamis, and others. 
Disaster mitigation efforts are a process of anticipating 
disasters that will arise through urban planning and 
design. Disaster mitigation efforts can be displayed with 
a conceptual model. The conceptual model is a diagram 
of a set of relationships between certain factors that are 
believed to have an impact on or lead to a target condition 
[4]. Conceptual model of disaster mitigation that aims to 
avoid disasters, in two ways, namely: structural 
mitigation, namely efforts in the form of strengthening 
buildings or infrastructure and avoiding potential disaster 
areas and non-structural mitigation by not changing the 
natural environment that can protect against disasters, in 
addition to potential wisdom local communities can 
contribute to disaster mitigation [5]. 

Mitigation efforts to overcome land subsidence can be 
done technically and non-technically. The technical way 
to overcome land subsidence is to improve soil 
characteristics, make infiltration wells/ biopore, and 
others. To reduce subsidence and flooding problems, it is 
necessary to conserve underground water, by limiting the 
use of drilled wells and making injection wells [6]. 
Mitigation of land subsidence can be done by regulating 
the use of groundwater (limiting the construction of wells 
and excessive use of groundwater) [7]. Regulating the 
hydrological condition of peat soil by maintaining the 
water table and restoring the groundwater level is one way 
that can be used to prevent peat soil subsidence, peat soil 
decomposition, peat fires, and CO2 emissions [8]. To 
minimize the impact due to the development of 
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settlements in lowlands, it can be done by making 
infiltration wells, biopore, maintaining vegetation, and 
renaturalizing rivers [9]. 

Disaster mitigation actions can be carried out before 
and after a disaster occurs, to minimize casualties, 
preventive measures must be prepared as early as 
possible, preventive efforts are carried out to avoid large 
impacts on areas indicated by disasters. Natural disasters 
can be local but can also be widespread, causing macro 
impacts. One way that can be done to mitigate disasters is 
by spatial planning, to reduce physical and economic 
losses due to disasters [10]. Mitigation activities include 
risk assessment and determination of potential disaster 
impacts [11]. 

Geospatial information is one of the methods used to 
determine areas that are prone to land subsidence, then 
using spatial modeling can be done to mitigate land 
subsidence in lowland areas. 

2 Research Methodology  

2.1 Research Location 
The Tanjung Api-Api area is part of the Banyuasin district 
which is located in the Banyuasin II sub-district and is 
located at coordinates 104o 45' to 104o 55' E Longitude 
and 2o 17' to 2o 24' S Latitude and is along the East coast 
of Sumatra Island. The existence of the Tanjung Api-Api 
port and the planned development of a Special Economic 
Zone has caused the Banyuasin district to have a very 
important role as a center for downstream industries. The 
Tanjung Api-Api area has been developed since 1969 
through the transmigration program as an agricultural and 
residential area [12], currently, in the Tanjung Api-Api 
area, the Tanjung Api-Api port has been built. The 
existence of plans for the construction of the international 
port of Tanjung Carat and the Special Economic Zone in 
Tanjung Api-Api requires special handling because it is 
located on lowland and soft soil so that the potential for 
land degradation is likely to occur. Fig. 1 shows the 
planned location for the construction of the Special 
Economic Zone. 
 

 

Fig. 1. The Plan of Special Economic Zone at Tanjung Api-
Api) [13] 

Fig. 2 shows the distribution of soft soil in Indonesia. 
From the map, it can be seen that the area along the east 
coast of Sumatra Island consists of soft soil, namely peat 
soil and soft clay [14] so that it has the potential to 
experience land subsidence when reclaimed. 
 

 

Fig. 2. Map of Soft Soil Distribution in Indonesia 

2.2 Data Analysis 

To reduce the impact of land subsidence, mitigation 
efforts are carried out. In this study, mitigation efforts 
were carried out before the disaster occurred. There are 
many criteria used to determine disaster mitigation. To 
determine the magnitude of the weight of each criterion 
factor used the Analytic Hierarchy Process (AHP) 
method. AHP is a decision-making approach designed to 
help find solutions to complex multi-criteria problems 
[15], to determine decisions using criteria and alternative 
decisions in determining the final goal of a decision or 
decision suggestion. The AHP process is based on the 
assessment criteria for decisions from alternatives. 

Assessment of mitigation efforts is carried out by 
processing questionnaire data obtained from experts using 
AHP. The experts used in this study amounted to 20 
people who came from academics and practitioners who 
are experts in the fields of environment, disaster, and 
geotechnics. Furthermore, the validation of AHP results 
is carried out by conducting field observations and studies 
from previous journals. Mapping of mitigation efforts is 
carried out based on the results of the weighting obtained 
from the expert. The mapping was carried out using QGIS 
3.12.2, the results of weighting and interviews from 
experts were displayed in the form of thematic geospatial 
information. 

Fig. 3 shows the hierarchical structure of land 
subsidence mitigation. Mitigation is carried out 
technically and non-technically. This step aims to break 
down a complex problem arranged into a hierarchical 
form. A hierarchical structure itself consists of elements 
that are grouped into levels consisting of the goals or goals 
of decision making, assessment criteria, and choices. 

 

Fig. 3. The Hierarchical Arrangement of Land Subsidence 
Mitigation in Lowlands 
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3 Results and Discussion 
The results of previous studies indicate that the change in 
the Tanjung Api-Api area into a built area (residential and 
industrial areas) will trigger land subsidence. This occurs 
due to the embankment of the soil of more than 2 m and 
excessive groundwater extraction (deep wells). Currently, 
land use in the Tanjung Api-Api area is still dominated by 
forests, shrubs, agricultural land, and plantations, so the 
potential for land subsidence is still low. To anticipate 
high land subsidence due to area development, mitigation 
efforts need to be carried out to avoid and reduce the 
impacts that will occur due to land subsidence. 

Mapping is one form of mitigation that can be done to 
reduce the impact that occurs. Based on the literature 

review, several things can be done to reduce the impact of 
land subsidence, namely selecting the appropriate type of 
construction to be applied in built-up areas and conserving 
groundwater. Groundwater conservation can be in the 
form of making infiltration wells, retention ponds, and 
biopore which function to fill groundwater (recharge) so 
that the pore does not empty. 

Fig. 4 shows a conceptual model of land subsidence 
that can be carried out. The mitigation model consists of 
mitigation before land subsidence, during land 
subsidence, and after land subsidence. The conceptual 
model is an important set for mitigating soil subsidence in 
the lowland. 

 

 

 
 

Fig. 4. Conceptual Model of Land Subsidence Mitigation Efforts. 
 

 
The results of the questionnaire from the experts 

obtained weights for each criterion for mitigation of land 
subsidence.  

 

 

Fig. 5. Assessment of Land Subsidence Mitigation  using by 
AHP 
 

The selection of construction types weights 0.314; 
groundwater conservation with a weight of 0.304; set the 
layout with a weight of 0.262; and create a green open 
space with a weight of 0.12. 

The selection of the right type of construction is very 
necessary to overcome the impact of damage to 

infrastructure, the selection of construction type is 
influenced by the type of soil, the depth of the soft soil, 
and the load. The depth of soft soil will also affect the 
bearing capacity of the soil, the deeper the soft soil is the 
type of foundation that can continue the load of the 
building is needed, for example, pile foundations / drilled 
piles are used, while for roads it is better to use 
geosynthetic or other types of soil improvement and rigid 
pavement. Large loading will cause the potential for land 
subsidence so that special construction is needed that can 
carry the working load. The choice of embankment 
material is also needed to accelerate the process of land 
subsidence so that the soil is quickly stable and does not 
form pores due to less dense soil. 

Groundwater conservation is carried out to overcome 
the land subsidence that occurs. The purpose of 
groundwater conservation is to maintain the balance of 
groundwater so that there is no emptying of pores that can 
cause soil subsidence and instability in buildings. 
Groundwater conservation can be in the form of making 
infiltration wells, biopore, and groundwater injection and 
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can also be in the form of government policies on 
groundwater extraction. 

The regulation of land use and its designation in 
lowland is very important to maintain the balance of 
carrying and environmental capacity so that the 
development of lowland does not cause environmental 
degradation. The selection of the most appropriate 
mitigation efforts depends on the factors causing land 
subsidence and the most dominant impact due to land 
subsidence. Factors causing land subsidence will affect 
the mitigation methods that can be applied at the research 
site. Based on the results of the study, it was found that 
the main factors causing soil subsidence were soil type, 
the thickness of soft soil, land use, embankment height, 
and groundwater use. The most suitable mitigation effort 
is to choose the type of construction that is suitable to be 
applied in the research area to prevent or reduce the 
impact of infrastructure damage in the research area, 
while water conservation efforts need to be carried out to 
anticipate floods and droughts that often occur in the 
Tanjung Api-Api area so that the presence of groundwater 

conservation can prevent the formation of pores in the soil 
due to excessive groundwater extraction [16, 17, 18, 19, 
20].  

Fig. 6 shows the mitigation efforts for various land use 
based on the level of potential land subsidence at the stage 
before land subsidence occurs. The existence of a 
mapping of potential land subsidence in the research area 
will help to determine the direction of physical and non-
physical mitigation in the disaster-affected area. The 
results of the mapping carried out due to the conversion 
of lowlands in Tanjung Api-Api into a built-up area, 
industrial areas (Special Economic Zones), and 
settlements have a high potential for land subsidence [21]. 
The high potential for land subsidence in this area is due 
to the embankment height of more than 2 meters and the 
extraction of deep groundwater (bore wells). With the 
thematic geospatial information, the vulnerability of the 
area to potential land subsidence can be evaluated and the 
most appropriate policy direction for mitigation efforts 
can be determined to be applied to the research location. 

  
Low potential (forest and scrub) 
 
- Maintaining protected forest areas as 

conservation areas 
- Maintaining the balance of the lowland 

ecosystem 
 
Medium potential (settlement area) 
 
- Soil improvement using preloading and 

vertical drains. 
- Using sand as heap material 
- For vital buildings and more than 3 

floors, it is better to use deep 
foundations (piles/drills) 

- Using light building construction. 
- Special design of utility buildings (water 

pipes, gas pipes, etc.) so that they are 
not broken/cracked when there is a 
change in ground elevation. 

- Conducted subgrade stabilization 
- The road network should use cast 

concrete/rigid pavement 
- Providing clean water treatment 

buildings. 
- Create a green open space and 

catchment area 
 

 
High Potential (Industrial Area) 

- Soil improvement using preloading and vertical drains. 
- Using sand as heap material 
- For vital buildings and more than 3 floors, it is better to use deep foundations (piles/drills) 
- Using light building construction. 
- Special design of utility buildings (water pipes, gas pipes, etc.) so that they are not broken/cracked when there is a 

change in ground elevation. 
- Subgrade stabilization. 
- The road network should use cast concrete/rigid pavement 
- Providing clean water treatment buildings. 
- Create a green open space and catchment area 

Fig. 6.  Mitigation Spatial Model in the Stage Before Land Subsidence Occurs

Low  

Medium 

High  
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4 Conclusions 
Based on the results of the study, it can be concluded as 
follows: 
a. Conceptually, disaster mitigation can be done 

before, during, and after a disaster occurs. Mapping 
of areas that have the potential for land subsidence is 
one form of mitigation before a disaster occurs. 
Regional mapping is divided into areas with low, 
medium, and high potential. To select the most 
suitable mitigation efforts, AHP analysis is carried 
out and then applied spatially to locations based on 
the level of potential disaster, the existence of a map 
of potential land subsidence is expected to reduce the 
impact of disasters. 

b. AHP results show that mitigation of land subsidence 
can be done by selecting the type of construction 
(weight 0.314), conserving groundwater (weight 
0.304), adjusting the spatial arrangement (0.262), 
and creating green open space (0.12). To obtain the 
most optimal mitigation model used depends on the 
regional development plan and land use. 
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