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Abstract 

This research was focused to estimate land subsidence in Semarang City by using DInSAR Method 

during 2007-2010 which is based on ALOS-PALSAR data. Three pair of SAR images were processed 

to detect land subsidence during 2007-2010. On the other hand, three pairs of SAR images (with 

small perpendicular baseline and very short interval time observation) were processed to generate 

Digital Elevation model (DEM). This DEM used to remove topographic phase in DInSAR processing. 
The land subsidence in Semarang City mostly appears in Northern area (main city), with maximum 

subsidence value which is derived by using DInSAR Method is about -4.8 cm/year (2007-2008), -

8.1 cm/year (2008-2009), and -9.9 cm/year (2009-2010). The average is 7.6 cm/year (2007-2010). 

The subsidence result by using DInSAR technique was compared with GPS data which was 

available during 2008-2011. The coefficient determination between DInSAR and GPS method is 

about 0.65 for 2008-2010. Its mean DInSAR method has a good accuracy and reliable to use for 
land subsidence monitoring in wide area. The main causes land subsidence in Semarang City is 

probably due to load of building structure and over extraction of ground water. The number of 

registered drilled wills increased rapidly during early 1990s especially is industrial areas. The total 

drilled wells are 1050 units in 2000s. 
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1. Introduction  

The increase of human population and human activities cause escalation upon the 

needs on natural resources. To cover the requirements of natural resources, human 
exploits the earth through fluid withdrawal (water and oil) and solid extraction (coal, gold, 

sulfur mining). These activities cause the occurrence of land subsidence. Land subsidence 

does not occur only by human made, but also occur naturally such as by tectonic motion 
(earthquake) and rising sea level (Husnayaen et al., 2018). Land subsidence (land surface 

sinking) occurs in many parts of the world, particularly in dense population regions 

(Chaussard et al., 2013). Groundwater abstraction is the most major cause of land 

subsidence which is accelerating since World War II. More than 150 cities in the world 
were reported where substantial subsidence was a problem in 1995 (Barend et al., 1995). 

Indonesia has  several major cities namely  Jakarta, Semarang, Surabaya, Medan, 

Bandung and Denpasar. Research about land subsidence has been conducted by several 
Indonesian researchers (e.g., Abidin  et al., 2013; Yastika et al., 2017; Yastika et al., 
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2019). Jakarta's Land subsidence has been conducted by Abidin et al., (2001) using GPS 

(General Positioning System) ground survey during 1991-1997, he found that the 

maximum rate of land subsidence is about -26cm/year. In Semarang City, detection of 

land subsidence has been conducted by (Kuehn et al., 2010) by using stable points 
network (SPN) technique. The result of this research showed that land subsidence in 

Semarang city during 2002-2006 was about 1 mm/year until 10 cm/year. Nowadays, 

many building in Semarang city was reported that severely affected by land subsidence 
due to over extraction of groundwater and loading compact soil by settlements (Yastika et 

al., 2019). Land subsidence in Indonesia usually occurs due to urban development and 

groundwater withdrawal. 

However, many methods can be applied  to detect and to monitor land subsidence, 
such as Differential GPS (DGPS) measurements, campaign Global Positioning System 

(GPS) surveying,  spirit-leveling surveying and Differential Interferometric Synthetic 

Aperture Radar (DInSAR). The most accurate method is  Differential GPS (DGPS) 
measurements. It is possible to detect subsidence as precise as 1-3 mm, but this 

technique provides information at only discrete points where the equipment is installed. 

The other hand, Differential Interferometric Synthetic Aperture Radar (DInSAR) is very 
good method to be applied in wide areas (covering up to hundreds of kilometers square) to 

detect land subsidence and to provide the greatest spatial resolution. 

2. Materials and Methods 

2.1 Research Location 

Research location is located in Semarang City, Central of Java, Indonesia (Figure 1). 

The position of Semarang City is  at the  -6º58' (latitude) and +110º25' (longitude), and 

the total area covers is about 37,367 hectares (274 km2), the population is about 1.55 
million peoples in 2010 (BPS, 2011).  Semarang City can be divided into two areas, 

namely the northern part and the southern part. The northern part is location of city 

center, harbour, airport, railway station. Compared to the southern part, the northern 
part has  relatively higher population density and also more industrial and businesses 

areas (Abidin et al., 2012). 

 

Figure 1. Map of Indonesia and Semarang City 

2.2 Data Collection 

Data which used in this research can be divided into two types namely: Primary data 

(ALOS/PALSAR data) and secondary data (GPS data). 

2.2.1. Primary Data 

The primary data is contains scenes in raw format (Level 1.0) data from ALOS-PALSAR 

satellite, shown in Table 1.  
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Table 1. List of ALOS/PALSAR scenes of Semarang City during 2007-2010 

No. Scene ID Polarization 
Obsevration 

Date 

No. of 

Path 

No. of 

Frame 

1 ALPSRP093147040 FB S 2007/10/24 431 7040 

2 ALPSRP099857040 FB S 2007/12/09 431 7040 

3 ALPSRP106567040 FB S 2008/01/24 431 7040 

4 ALPSRPl 13277040 FB S 2008/03/ 10 431 7040 

5 ALPSRP 146827040 FB S 2008/10/26 431 7040 

6 ALPSRP153537040 FB S 2008/12/ 11 431 7040 

7 ALPSRP160247040 FB S 2009/01/26 431 7040 

8 ALPSRP200507040 FB S 2009/10/29 431 7040 

9 ALPSRP207217040 FB S 2009/12/ 14 431 7040 

10 ALPSRP213927040 FB S 2010/01/29 431 7040 

11 ALPSRP220637040 FB S 2010/03/ 16 431 7040 

12 ALPSRP260897040 FB S 2010/12/ 17 431 7040 

 

 

Figure 2. Research framework 

2.2.2. Secondary Data 

This research used GPS data as secondary data, it was provided by Geodesy Research 

Group of ITB (Institute of Technology Bandung). GPS data was taken during 2008 until 
2011. In Table 2 shown that the subsidence rate was divided into three parts, namely 

2008-2009, 2009-2010 and 2010-2011. 

2.3 Data Analysis 

The main stage of this research can be divided in 4 steps and it can be shown in Figure 2 

The fist step (red block) is generating DEM for topography phase removing to get phase 

contain subsidence only. The second step (blue block) is all process for subsidence 
estimation. The third step (yellow block) is generating subsidence map using GPS data. 

The final step (green block) is comparing and analyzing DInSAR with GPS result. 

The research is focused to detect land subsidence in Semarang City by using DInSAR 

method during 2007-2010. The primary data used ALOS-PALSAR data during 2007-2010 
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to generate Differential Interferometry which contained information about land 

subsidence. However, the result of satellite data was compared with GPS measurements. 

GPS data was available during 2008-2011 and it was provided by Geodesy Research 

Group of ITB (Institute of Technology Bandung). 

Table 2. Semarang’s land subsidence result by GPS during 2008-2011 (Abidin  et al, 

2012) 
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The introduction should briefly place the study in a broad context and highlight why it 

is important. It should define the purpose of the work and its significance. The current 

state of the research field should be reviewed carefully and key publications cited. Please 

highlight controversial and diverging hypotheses when necessary. Finally, briefly mention 
the main aim of the work and highlight the principal conclusions. 

As far as possible, please keep the introduction comprehensible to scientists outside 

your particular field of research. All references should be cited in the body of the text and 
not in the abstract. References should be cited in the text by the last name of the 

authors(s) and the date of publication, with no comma before the date, according to these 

examples: articles by three or more authors are cited by the first author followed by "et 
al." and the date (Mondal et al. 2015); articles by two authors are cited by both last names 

joined by an ampersand (Carlson & Arthur 2000); and articles by a single author are cited 

by the last name and the date of publication (Schott 1997). See the end of the document 
for further details on references. 

3. Results and Discussion 

3.1 Dinsar Technique to Detect Land Subsidence in Semarang City 

The land subsidence in Semarang mostly appear in northern area. From Figure 3 show 
the subsidence which is derived by using DInSAR and overlay with points location of GPS 

data. The maximum subsidence during 2008-2009 was about -8.1 cm and mostly in 

coastal areas. In 2009-2010 the same area, the subsidence was increasing until -9.9 cm. 

 

Figure 3. Land subsidence derived by using DInSAR technique and overlay with GPS 

points location, (a) during 2008-2009, and (b)  during 2009-2010. 

The land subsidence in Semarang city mostly caused by compaction of clay within the 
aquifer layer due to over ground water withdrawal. Nowadays, many building in 

Semarang city was reported that severely affected by land subsidence due to over 

extraction of groundwater and loading compact soil by settlements (Kuehn et al., 2010). 

3.2 Data Validation of Dinsar by Using GPS Data 

Data validation process compares subsidence which is resulted by DInSAR and GPS. 

This step makes correlation each points GPS value with same coordinates location in 

DInSAR map. In this research only available to compare subsidence during 2008-2009 
and 2009-2010, because SAR data is available during 2007-2010 (is not available during 

2010-2011). On the other hand, GPS data only available during 2008-20011 and can not 

provide data during 2007-2008. 

(a)          (b) 
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The Comparison of average subsidence results by using GPS and DInSAR  during 

2008-2010 is shown in Figure 4. The good correlation between  GPS and DInSAR is  

seemed in area with low subsidence (see Figure 4 points : 259, 1124, 1125, AY15, BM05, 

BM30, BTBR, K371,  KO16, MP03, MSJD, PMAS, SD01, SMG2, SMPN, SMKN, T374, 
DRI1, and PAMU). Nonetheless, the largest difference result appears in points BM01, 

CTRM , ISLA, JOHR, PRPP, SMG3, SP05 and K370. 

 

Figure 4. Comparison of average subsidence rate GPS and DInSAR results during 2008-

2009. 

To validate the result of DInSAR method, the GPS data was used as ground check 
data. This process compared average rate of land subsidence during 2008-2010 between 

DInSAR  and GPS result. The correlation result is shown in Figure 5, where in x-axis is 

average subsidence rate derived by GPS data and in y-axis is average subsidence rate 
derived by DInSAR data. By using linear coefficient determination method (see Figure 5), 

the result of coefficient determination is about 0.649828424. This mean DInSAR method 

have a fine accuracy for land subsidence monitoring in wide area observation. 

 

Figure 5. Correlation of average subsidence rate between DInSAR and GPS result during 

2008-2010. 

3.3 Causes Land Subsidence in Semarang City 

From DInSAR and GPS results it was indicated that the land subsidence in Semarang 

City almost occur in northern area. The main city, harbour, Industrial area, and 
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settlement was located in northern part of Semarang City. All of these places indicated 

that in northern area was very high human activities (included industrial activities). From 

this situation, the main causes land subsidence in Semarang City was caused by load of 

building structure and over extraction of ground water. 

 

Figure 6. Ground water extraction rate and number of registered drilled wells 
(Murdohardono et al., 2007). 

 

Figure 7. The Semarang's land subsidence impacts (Abidin et al., 2012). 

Land subsidence due to  load of building structure was related to the increasing of 

population was Semarang City and changing land use in coastal area. Population in 

Semarang City is about 1.55 million peoples in 2010 (BPS., 2011) with total area only 374 
km2. It made the Semarang City was categorized as a city with a dense population. On the 

other hand, changing of land use from open area to the settlement or industrial area 

caused increasing number of building constructed. 
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Ground water extraction also contribute very large impact for land subsidence  in 

Semarang City. The number of registered drilled wells increased rapidly during early 

1990s especially is industrial areas. Figure 6 shows increasing number  number of 

registered drilled wells and also increasing average ground water extraction during 1900s 
until 2000s. 

3.4 Impact of Land Subsidence in Semarang City 

The Semarang's land subsidence can be categorized as very large and harmful for 
environment. This phenomenon damaged  the building, housing, and other 

infrastructures. Figure 7 shows the examples of Semarang's subsidence impacts. The 

Semarang's land subsidence was very complicated problem, not only damaged  the 
building, housing, and other infrastructures, but also gave bad impact for  quality of 

living environment (health and sanitation). On the other hand, land subsidence also 

increased the maintenance and rehabilitation costs due to severe damage of building and 
public infrastructures. 

4. Conclusions  

1. The land subsidence in Semarang City  mostly appears in Northern area (main city), 

with maximum subsidence value which is derived by using DInSAR Method is about  -
4.8 cm/year (2007-2008), -8.1 cm/year (2008-2009), and -9.9 cm/year (2009-2010). 

The average is 7.6 cm/year (2007-2010). 

2. The coefficient determination between DInSAR and GPS method is about 0.65 for 
2008-2010. It's mean DInSAR method has a good accuracy and reliable to use for 

land subsidence monitoring in wide area. 
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