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 Semarang area is one of the areas that are vulnerable to deformation. Gravity data processed with 

Surfer software and Microsoft Excel using gravity corrections, spectrum analysis, and separation 

of residual and regional anomalies, can then be identified which areas are vulnerable to surface 
deformation. The results obtained several areas that have the threat of deformation and disasters 

due to geology, namely in the northeast and southwest of the Semarang area marked by negative 

green to blue anomalies including Gajah Mungkur, Tugu Muda, Tanah Mas, and Gayamsari areas 

have negative anomalies, so they are identified as areas with thick sedimentary layers which are 
one of the causes of surface deformation. In the southeast to northwest of Semarang, Candi Sari, 

Simpang Lima, Tugu Mas, and Tanjung Mas, marked by yellow to reddish colors, are areas that 

have positive anomalies, so they are identified as areas that are quite safe in terms of deformation 

characterized by thin sediment layers. 
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1. INTRODUCTION 

The gravity method is one of the geophysical exploration 

methods used to identify subsurface structures. The anomalies 

measured in gravity exploration combine various anomaly 

sources, including residual anomalies, regional anomalies, and 

noise. Residual anomalies are the most important as they 

provide a wide range of information about subsurface 

structures, geological conditions, and mining materials. 

Regional anomalies have a wider scope than residual 

anomalies [1]. 

The separation of regional and residual anomalies is a 

crucial stage to clarify anomalies that are near the surface and 

those that are far from the earth's surface. The residual 

anomalies obtained are then used for the interpretation of 

subsurface structures and the identification of potential 

mineral resources [2] 

Gravity data processing produces data that has been 

adjusted to the Earth's surface conditions. This data is called 

the Simple Bouguer Anomaly (ABS), which is ready for 

analysis. However, this data is still a combination of local 

anomalies and regional anomalies. Regional anomalies 

represent regional geological conditions, such as basements, 

folds, and faults. Low-frequency anomalies characterize these 

anomalies. Local anomalies represent local geological 

conditions, such as reservoirs, rock intrusions, structure types 

and shapes, minerals, or ores. These anomalies are 

characterized by a high-frequency anomaly [3]. 

Land subsidence is a phenomenon that occurs in many 

parts of the world, especially in large cities located in coastal 

areas or alluvial plains. An example of land subsidence in a 

large city is Tokyo, Japan, which is one of the most urbanized 

cities. Increased human activities and urbanization in the city 

have caused a serious environmental problem, namely land 

subsidence [4]. 

Several researchers have investigated land subsidence in 

Indonesia, including in East Java, Indonesia [5] and Semarang, 

Indonesia [6]. The research shows that land subsidence can 

reach several meters in a certain period. Severe subsidence can 

damage infrastructure and economic stability in the region. To 

accurately determine the condition of land subsidence, a 

comprehensive monitoring and measurement system is 

needed. This system should be able to measure land 

subsidence spatially (in various locations) and non-spatially 

(in one location). Measurements should be made periodically 

to get a complete picture of subsidence conditions in the 

region. 

The purpose of this research is to find out the area of 

Semarang that has the possibility of deformation through the 

gravity method. Later, the gravity data will be processed with 

Surfer software and Microsoft Excel. So that further research 

can be done on mitigation and further education about areas 

that are vulnerable to deformation. 

 

2. RESEARCH METHOD 

In this research, the research area is Semarang City (Figure 1) 

using the gravity method. Semarang City's gravity data was 

subjected to a series of corrections, such as drift correction, 

tidal, latitude, Bouguer, and free air [7] Tidal correction is 
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carried out to eliminate the influence of the presence of objects 

in space that have a large gravitational force [8]. Drift 

correction is carried out to eliminate the effects of reading 

errors of the tools used. Tool reading errors can affect the value 

of the gravity field [9]. The shape of the ellipsoid earth can 

affect the calculation so it is necessary to make latitude 

corrections [10]. Equation 1 is a mathematical calculation of 

latitude correction 𝑔0 in m/s2. 

 

𝑔0 =  9.780318(1 + 0.0053024 𝑆𝑖𝑛2𝜙 0.0000059 𝑆𝑖𝑛22𝜙)         1) 

 

Altitude differences also affect the value, so it is 

necessary to make corrections by not ignoring the mass called 

Bouguer correction [11].  

 

𝐵𝐶 = 0,0004191 𝜌∆ℎ            2) 

 

Free air correction is done to reduce the influence of 

elevation h on the earth's gravity [12]. 

 

𝐹𝐴𝐶 = −0,3086 ℎ             3) 

 

The result of the correction that has been done is the 

complete Bouguer anomaly (CBA) value which is influenced 

by the rock mass density below the earth's surface [13]. The 

CBA value will be processed into a map for the slicing process 

using Surfer 13 software. In this process, a straight slice is 

made to perform spectrum analysis. Spectrum analysis will 

separate the values of regional anomalies and residual 

anomalies that overlap in the CBA calculation [14]. In the 

spectrum analysis conducted using Microsoft Excel software, 

the window width value is also obtained to perform the moving 

average filter process [15].  

 

∆𝑔𝑅(𝑖) =  
∆𝑔(𝑖−𝑛)+⋯+∆𝑔(𝑖)+⋯+∆𝑔(𝑖+𝑛)

𝑁
           4) 

 

where ∆𝑔𝑅 is the regional anomaly, 𝑛 =  (𝑁 − 1)/2 and N is 

the window width. The value of N must be an odd number. The 

results of the moving average in the form of regional 

anomalies can be further processed into residual anomalies by 

reducing regional anomalies with Bouguer anomalies [16]. 

The residual anomaly is made in the form of a map so that 

areas that have the potential to experience subsidence can be 

seen [17]. 

 

 
Figure 1. Map of the research area (Bappeda Semarang 2011) 

 

3. RESULT AND DISCUSSION 

The results in the form of a complete Bouger anomaly (CBA) 

were obtained by making corrections to gravity data, such as 

FAA (Free Air Anomaly) corrections and others (Figure 2). 

The CBA values that have been obtained are then processed 

using gravity data processing software. Slice with a straight 

vertical line to obtain a complete Bouger anomaly profile. 

 After getting the results of a vertical slice of one path, a 

spectrum analysis was carried out (as in Figure 3) with the aim 

of obtaining a separation of residual and regional values from 

the Semarang CBA values. The spacing used is 100, so after 

carrying out spectrum analysis calculations such as changing 

the domain using FFT, changing the previously imaginary 

value to a real number, and so on, a window width of 11. 

In Figure 2, there are points. These points are the result of 

a plot between the wave number value and the Ln (Gabs) 

value. These points are then separated by residual and regional 

values. where regional values will be characterized by linear 

guide lines that, if connected, will be more slanted or steeper. 

On the other hand, the residual line that is formed when a linear 

auxiliary line is drawn will be more sloping. from the residual 

and regional separation in Figure 2 will produce a linear 

equation. This linear equation is used in further processing to 

obtain the window width value. 
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Figure 2. Complete Bouguer Anomaly (CBA) map that has undergone various correction processes 

 

 
Figure 3. Separation between residual CBA and regional CBA using the spectrum analysis method 

 

 

   This window width value is used as a moving average 

parameter, whereas for the CBA Semarang window width, it 

is 11 x 11. This filter will provide a continuously moving 

average of the values, so that a new value is obtained as a result 

of the moving average. The results of the moving average filter 

will produce a regional anomaly map like the following image. 

Regional anomalies represent large-scale variations caused 

by changes in the Earth's crust, while residual anomalies 

represent small-scale variations remaining after the effects of 

regional anomalies are removed. The regional anomaly results 

obtained from the moving average filter will be used to obtain 

residual anomalies by utilizing math tools in gravity data 

processing software. This tool will subtract the CBA value that 

has been corrected from the value of the moving average filter 

(regional map). So the results of the residual map formed are 

as Figure 4. Follows. 

From the residual map, it is found that the low anomaly 

reaches -0.45 mGal with a high anomaly of 0.3 mGal, whose 

contact is limited by a gravity anomaly of zero value. High 

anomalies are identified as areas that have a thin sedimentary 

rock layer, whereas low anomalies are identified as areas with 

a thick sedimentary rock layer. Areas that have thick layers of 

sediment are more vulnerable to land subsidence and other 

disasters such as liquefaction and flooding. Areas with high 

anomalies have a lower threat of disasters caused by surface 

land subsidence. From Figure 4, it can be seen that the 

southeast to northwest part of the Semarang area, including the 

Candi Sari, Simpang Lima, Tugu Mas, and Tanjung Mas areas, 

which are marked by yellow to reddish colors, are areas that 

have positive anomalies with a value of 0 mGal to 0.3 mGal., 

so it can be said that this area is an area that is quite safe from 

the threat of land subsidence because the sediment layer is not 

thick. Meanwhile, in the northeast and southwest parts of the 
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Semarang area, which are marked by green to blue with a value 

of 0 mGal to -0.45 mGal, including the Gajah Mungkur, Tugu 

Muda, Tanah Mas, and Gayamsari areas, there are anomalies 

that tend to be negative. This is identified as an area that has a 

thick sediment layer and is likely to experience land 

subsidence. If local communities that have negative anomalies 

continuously exploit groundwater, this will speed up the land 

subsidence process. Apart from that, this area is also 

vulnerable to liquefaction and flood disasters. Therefore, it is 

necessary to carry out mitigation and education to avoid the 

dangers of land subsidence and disasters due to the geological 

conditions of the Semarang area.  

 

 

 
 

Figure 4. Complete Bouguer Anomaly (CBA) residual map results 

 

4. CONCLUSION 

Based on the results of the study, it can be concluded that in 

the northeast and southwest of Semarang City marked by green 

to blue color with a value of 0 mGal to -0.45 mGal including 

Gajah Mungkur, Tugu Muda, Tanah Mas, and Gayamsari 

areas have anomalies that tend to be negative, this is identified 

as an area that has a thick sediment layer and is likely to 

experience Land Subsidence. Meanwhile, areas with high 

anomalies, namely in the southeast to the northwest of 

Semarang City, including Candi Sari, Simpang Lima, Tugu 

Mas, and Tanjung Mas, which are marked with yellow to 

reddish colors, are areas that have positive anomalies worth 0 

mGal to 0.3 mGal, so it can be said that this area is fairly safe 

in terms of surface land subsidence due to not thick sediment 

layers. 
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