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ANALYSIS AND INTERPRETATION OF SUBSIDENCE 

SOURCE IN JAKARTA USING 2009-2010 TIME-LAPSE 

MICROGRAVITY DATA 
 

Suhayat Minardi1, Fatkhan2, Eko Januari Wahyudi2 
 

Sari 
Pertambahan jumlah penduduk dan industri di Jakarta berdampak pada meningkanya ekspoitasi airtanah dan 

kebutuhan akan energi, untuk itu perlu diterapkan suatu metode untuk mengatasi dampak lingkungan yang muncul. 

Penelitian ini menggunakan metode gayaberat mikro antar waktu untuk mengidentifikasi amblesan serta penurunan 

muka airtanah di Jakarta dan sekitarnya. Pengukuran gayaberat mikro dilakukan sebanyak dua kali dengan selang 

satu tahun antara tahun 2009 dan 2010, yang didukung dengan pengukuran tinggi muka tanah dengan GPS pada 

periode yang sama. Hasil analysis amblesan dari data gayaberat mikro antar waktu, harga maksimum penurunan 

muka tanah sebesar 13 cm terjadi di Jakarta Utara dan perbatasan Jakarta Utara dan Jakarta Timur. Meskipun 

lokasinya sama antara hasil analisis data gayaberat mikro antar waktu dengan pengukuran GPS, tetapi nilainya lebih 

kecil daripada hasil pengukuran GPS. Berdasarkan hasil inversi linier terhadap perubahan anomaly gayaberat 

mikro, hampir seluruh wilayah DKI Jakarta mengalami rapat massa positip, perubahan rapat massa negatip hanya 

terjadi bagian Timurlaut Jakarta Utara dan Jakarta Timur. 
 

Kata kunci: gayaberat mikro antar waktu, amblesan, airtanah 
 

Abstract  

Increasing population and industries at Jakarta have impacted on the excessive extracting groundwater and energy. 

To handle these situations, it is important to conduct the latest methods for solving Jakarta environmental and energy 

problems. In this research, we have improved geophysical method by analysis the time-lapse microgravity methods to 

identify subsidence and groundwater level lowering at Jakarta and its surrounding areas. Twice microgravity 

measurements had been conducted at Jakarta with one year period between two measurements at 2009 and 2010. In 

order to investigate subsidence and groundwater lowering of the area, elevation measurements by GPS were also 

used to support advance analysis. Subsidence value of microgravity anomaly data has similarity with subsidence by 

GPS measurements. The maximum value of subsidence is located at the Northern part of Jakarta. The maximum value 

about 13 cm was occurred at North Jakarta at the boundary of North Jakarta and East Jakarta. High value of 

subsidence also occurred at North Jakarta have similarity at the location but the result of microgravity analysis has 

smaller value than a result of GPS measurement. Based on the result on linear inversion of deep microgravity 

anomaly, almost all part of Jakarta has a positive density changes. The negative value changes of density only 

occurred at a few part of Jakarta at Northeastern part of North Jakarta and East Jakarta. 
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I. INTRODUCTION 

Jakarta as Megacity Area (JMA) in Indonesia has 

some environmental and energy sustainability 

problems. Some environmental problems at Jakarta 

Megacity Area are highly populated city and highly 

potential for natural disaster and energy resources due 

to geology condition of Jakarta area as an active island 

arc Indonesia. Meanwhile, energy sustainability 

problem is primary energy need. Increasing 

population and industries at JMA have impacted on 

the excessive extracting groundwater and energy. 

These matter cause the natural disaster, such as 

subsidence, groundwater level lowering, sea water 

intrusion, rainwater flooding, tidal flooding and over 

carbon dioxide emission, which affects human 

activities. Human vulnerability, exacerbated by the 

lack of planning or appropriate emergency 

management, leads to financial, environmental or 

human losses. The resulting loss depends on the 

capacity of the population to support or resist the 

disaster, their resilience. To handle these situations, it 

is important to conduct the latest methods for solving 

Jakarta environmental and energy problems. In this 

research, we have improved geophysical method by 

analysis the time-lapse microgravity methods to 

identify subsidence and groundwater level lowering at 

Jakarta and its surrounding areas. This method was 

chosen because Jakarta is mostly located close to the 

country area, so we need the method which using 

handy equipment (moveable), easy in station to station 

movement, no environmental damage, minimum in 

‘electricity support’, small team and nearly no social 

conflict. 

mailto:suhayatminardi_2006@vahoo.co.id
SUHAYAT
Typewritten text
JTM Vol. XVIII No.4/2011



 

188 

 

 

The research conducted at JMA and its surrounding 

areas aims to: (1) identify shallow time lapse 

microgravity anomaly that represent of anomaly 

caused by subsidence and comparing the subsidence 

that derived from microgravity anomaly data with 

subsidence by GPS measurement, (2) analyze 

subsurface mass changes and possibility of sources of 

the changes. Information about subsidence, 

groundwater level lowering and sea water intrusion 

from the result of microgravity study at Jakarta 

Megacity Area can be used due to infrastructure 

development planning, environment management, 

groundwater utilization control, sea water intrusion 

control, and flood control at Jakarta and its 

surrounding areas. Overall goal of the proposed 

research program is intended to make a significant 

contribution to Human Security Engineering. 

II. GEOLOGY SETTING 

Hutasoit and Pindratno (2004) said that Jakarta as 

geologically laid on Quarter and tertiary rock unit with 

active structure. Relative young age of the rock, 

occurred of high compressibility clay and active 

structure caused that area have high risk on 

subsidence. Human activity such as groundwater 

withdrawal, load of building and construction, 

dewatering, decreasing of absorber due to 

infrastructure, subsurface development, increasing 

risk of subsidence. Natural geology and hydrogeology 

condition, and human activity caused this area have 

high risk on subsidence. 

According to Abidin et al. (2009), land subsidence in 

Jakarta can be caused by four factors, namely: 

excessive groundwater extraction, load of buildings 

and constructions, natural consolidation of alluvium 

soil, and tectonic activities. Up to now, there is no 

information yet about the contribution of each factor 

on the subsidence at each location and their spatial 

(contribution) variation. In case of Jakarta, tectonic 

activities seem to be the least dominant factor, while 

excessive groundwater extraction is considered to be 

one of dominant factor. The first three factors will 

have close relation with urban development activities 

in Jakarta and its surrounding areas. 

III. METHODOLOGY 

In this research, we have improved geophysical 

method by integration analysis between the time-lapse 

microgravity methods to identify subsidence, 

groundwater level lowering, and sea water intrusion at 

JMA and its surrounding areas. 4D geophysical 

surveys has recently been used widely and become an 

alternative method for supporting production 

management of natural resources such as 

hydrocarbon, geothermal, groundwater, etc. One of 

the geophysical methods used is the microgravity 

method and it can be called as 4D (time-lapse) 

microgravity survey because the anomaly is in units of 

micro value and time as the fourth dimension. 

Time-lapse microgravity anomaly reflects several 

sources, such as station elevation change, fluid 

movement and physical properties (density) change in 

subsurface. It has been known that gravity anomaly in 

the surface is as a superposition of all possible sources. 

And how to split-out of each anomaly has been a 

common problem in interpretation. In the time-lapse 

microgravity anomaly, the source of anomaly comes 

from the surface (vertical ground movement in which 

the value is approximately 3 Gal/cm) and subsurface 

sources (fluid movement and change of physical 

property (density) in the reservoir). Similar response 

of time-lapse microgravity anomaly value between 

subsidence (vertical ground movement) and 

subsurface density increase have been another 

problem in interpretation, but using combined analysis 

on time-lapse microgravity anomaly and its vertical 

gradient, the ambiguity can be reduced. 

The gravity effects of groundwater movements and 

changes in subsurface density are obtained by 

correcting the measured gravity anomalies for the 

gravitational effect of vertical ground movement 

(subsidence) and change in base value if any. For 

convention, a decrease in gravity is referred to as a 

negative change (groundwater level lowering) and an 

increase (groundwater level upheaval) a positive 

value. 

Negative value implies groundwater withdrawal 

(discharge) and positive change implies groundwater 

increased (recharge). The complete Bouguer gravity 

anomaly reflects existence of subsurface density 

change in horizontal and vertical direction. The 

anomaly at station (x,y,z) is given by:

 

∆𝑔(𝑥, 𝑦, 𝑧) = 𝑔𝑜𝑏𝑠(𝑥, 𝑦, 𝑧) − 𝑔𝑡(𝑥, 𝑦, 𝑧) + 𝑎ℎ(𝑥, 𝑦, 𝑧) − 𝑏𝜌𝐵ℎ(𝑥, 𝑦, 𝑧) + 𝑐ℎ(𝑥, 𝑦, 𝑧) (1) 
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where gobs and gt are the observed and theoretical 

(ellipsoid) gravities, a, b and c are the corrections for 

free-air, Bouguer and terrain, B is the Bouguer 

density and h is the elevation. In time-lapse 

microgravity survey, each station will be observed 

more than one measurement at certain time interval, so 

if the measurement is conducted at time t1 and t2, the 

Bouguer gravity anomaly of the station is particularly 

given by 

 

∆𝑔𝐵(𝑥, 𝑦, 𝑧, 𝑡1) = 𝑔𝑜𝑏𝑠(𝑥, 𝑦, 𝑧, 𝑡1) − 𝑔𝑡(𝑥, 𝑦, 𝑧, 𝑡1) + 𝑎ℎ(𝑥, 𝑦, 𝑧, 𝑡1) − 𝑏𝜌𝐵ℎ(𝑥, 𝑦, 𝑧, 𝑡1) + 𝑐ℎ(𝑥, 𝑦, 𝑧, 𝑡1) (2) 

and 

∆𝑔𝐵(𝑥, 𝑦, 𝑧, 𝑡2) = 𝑔𝑜𝑏𝑠(𝑥, 𝑦, 𝑧, 𝑡2) − 𝑔𝑡(𝑥, 𝑦, 𝑧, 𝑡2) + 𝑎ℎ(𝑥, 𝑦, 𝑧, 𝑡2) − 𝑏𝜌𝐵ℎ(𝑥, 𝑦, 𝑧, 𝑡2) + 𝑐ℎ(𝑥, 𝑦, 𝑧, 𝑡2) (3) 

 

The time-lapse microgravity anomaly is derived by 

subtracting of Eq. (3) from Eq. (2), and we get 

∆𝑔𝐵(𝑥, 𝑦, 𝑧, ∆𝑡) = 𝑔𝑜𝑏𝑠(𝑥, 𝑦, 𝑧, 𝑡2) − 𝑔𝑜𝑏𝑠(𝑥, 𝑦, 𝑧, 𝑡1) + 𝑎∆ℎ(𝑥, 𝑦, 𝑧, ∆𝑡) − 𝑏𝜌𝐵∆ℎ(𝑥, 𝑦, 𝑧, ∆𝑡) (4) 

 

In the area in which the topography is relatively flat, 

the terrain effect (ch) is very small (<< 0.79 Gal for 

1 cm elevation change), and it can be neglected from 

the equation. The Eq.(4) shows that time-lapse 

microgravity anomaly due to subsurface density 

change (density contrast on period of time t1 and t2) is 

carried out after applying free-air and Bouguer 

corrections as implication of station elevation change. 

If there is no elevation change, the anomaly is the same 

with discrepancy between observed gravity at time t1 

and t2. 

Based on Eq. (2 and 4), the anomaly can be re-written 

as follows:  

∆𝑔(𝑥, 𝑦, 𝑧, ∆𝑡) = ∆𝑔𝐵
(𝑥, 𝑦, 𝑧, ∆𝑡) + 𝑎∆ℎ(𝑥, 𝑦, 𝑧, ∆𝑡) − 𝑏𝜌𝐵∆ℎ(𝑥, 𝑦, 𝑧, ∆𝑡) (5) 

= 𝑔𝑜𝑏𝑠(𝑥, 𝑦, 𝑧, 𝑡2) − 𝑔𝑜𝑏𝑠(𝑥, 𝑦, 𝑧, 𝑡1) 
(6) 

This equation shows that the source of time-lapse 

microgravity anomaly derived by subtracting the first 

observed gravity to the second one, are the subsurface 

density contrast (gB(x,y,z,t)) and the elevation 

change. One centimeter elevation change indicated by 

a h(x,y,z,t) is equal to 3.4 Gal time-lapse 

microgravity (Allis and Hunt, 1986) and has positive 

value for subsidence. While Bouguer slab change 

(bBh(x,y,z,t)) of l cm subsidence is equal to -0.79 

Gal time-lapse microgravity for 1.94 gr/cc Bouguer 

density (pB). Eq.(5) explicitly shows that time-lapse 

microgravity anomaly reflects the existence of 

subsurface density change and vertical ground 

movement. 

Time-lapse Microgravity Data 

Gravity correction for elevation change can be 

calculated use following equation (Telford et.al., 

1990): 

𝑔(𝜑) = [1 + (
5

2
𝑚 − 𝑓 −

17

14
𝑚𝑓) 𝑠𝑖𝑛2𝜑 + (

𝑓2

8
+

5

8
𝑚𝑓) 𝑠𝑖𝑛22𝜑] 

     

                 (7) 

𝜕𝑔
𝜑

𝜕ℎ
= −

2𝑔
𝜑

𝑎
(1 + 𝑚 + 𝑓 − 2𝑓𝑠𝑖𝑛2𝜑) (8) 

𝜕𝑔
𝜑

𝜕ℎ
= −3,0876 μGal/cm (9) 

where g(), h, a, f, m, , 
𝜕𝑔𝜑

𝜕ℎ
 are theoretical gravity at 

latitude , altitude , axis minor of the earth, earth 

flattening, Clairaut constant, latitude and gradient 

vertical gravity, respectively. 

Bouguer correction can determined from Eq. 

∆𝑔𝐵𝐶 = 2𝜋𝐺𝜌∆ℎ (10) 

where gBC, G, , h are Bouguer correction caused 

by an elevation changes, universal gravity constant, 

density, and elevation change, respectively. One meter 

elevation change with 1.9 gr/cc Bouguer density can 

cause gravity change of about 79.667 Gal. When we 

get water table changes due to precipitation, the 

gravity changes associated with it can be given by 

Allis and Hunt (1986): 
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∆𝑔𝑤 = 2𝜋𝐺𝜌𝑤∅∆ℎ (11) 

 

where g , G, w , , h are gravity correction caused 

groundwater level changes, universal gravity constant, 

density of groundwater, porosity at the depth of water 

table and change in water level, respectively. One 

meter of water level change at reservoir with 30% 

porosity can cause gravity change of about 12.579 

Gal. 

 

IV. DATA ACQUISITION  

Twice microgravity measurements had been 

conducted at JMA (Figure 1) of (30 x 30) km2 with one 

year period between two measurements from 2009 

until 2010. In order to investigate subsidence and 

groundwater lowering of the area, elevation 

measurements by GPS were also used to support 

advance analysis. In order to maintain data resolution 

and also to reduce errors in data acquisitions, 2 (two) 

sets of gravimeter were used. One set was used in the 

field, while the other set was used to measure tidal 

correction in the base camp.

  

 

Figure 1. Location of microgravity measurements at Jakarta 

 

The gravimeters utilized in the survey consist of the 

followings: 

1. Gravimeter Scintrex Autograv CG-3 with 

recording system and l Gal in sensitivity. 

2. Gravitymeter Lacoste - Romberg type G508.  

One gravimeter (Lacoste — Romberg type G508) was 

utilized to measure gravity stations in the field. The 

other (Scintrex Autograv CG-3) was used to measure 

daily gravity variation due to solar and lunar effects in 

the base camp. The gravity effect is called tidal gravity 

and its values were subtracted with gravity value at the 

station. Other instruments utilized in the survey are 2 

(two) sets of Global Positioning Survey (GPS) and 3 

(three) sets of digital altimeters. 

To obtain the observed gravity value (gobs) of each 

station, drifl and tidal corrections were applied on 

measurement gravity value. Observed gravity value 

for 2009 and 2010 are shown in Figures 2 and 3, while 

the time- lapse microgravity anomaly map during 

period of 2009 until 2010 is shown in Figure 4. 
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Figure 2. Observed gravity value (2009) 

 

Figure 3. Observed gravity value (2010) 
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Figure 4. Time lapse microgravity anomaly during period of 2009 – 2010 

Time lapse microgravity anomaly is superposition of 

anomaly caused by shallow source (subsidence) and 

deep source anomaly (subsurface mass changes). To 

get time lapse microgravity anomaly based on its 

sources, we need to separate the anomaly by applying 

filter such as striping filter. Striping filter is a filter 

which design based on detail information 

about geology such as top and thickness of anomaly 

source, and density of surface and subsurface anomaly 

sources. Striping filter was developed and improved 

by Cordell (1985), Aina (1994), and Zaenudin (2009). 

The result of time lapse microgravity anomaly 

separation using striping filter are shallow anomaly 

and deep anomaly. Shallow and deep anomaly as a 

result of filtering are shown in Figures 5 and 6. 

 

Figure 5. Shallow time lapse microgravity anomaly during period of 2009 – 2010 
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Figure 6. Deep time lapse microgravity anomaly during period of 2009 - 2010 

Shallow anomaly is an anomaly caused by subsidence 

and deep anomaly is anomaly caused by subsurface 

mass change. To obtain source of the shallow 

anomaly, transformation of the anomaly value to the 

subsidence is needed. The value of subsidence which 

derived from time lapse microgravity anomaly is 

shown at Figure 7. Conversion of microgravity 

anomaly value to subsidence value was done using 

formula of free air correction (FAC). In this formula, 

change of l cm of elevation will give change of 

anomaly response 3.0876 Gal. 

To get information about source of deep time lapse 

microgravity anomaly, linear inversion has done. 

Result of this process is a subsurface density changes 

and the result is shown in Figure 8. 

 

Figure 7. Subsidence of Jakarta which derived from time lapse microgravity data during period of 2009 - 2010 
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Figure 8. Subsurface density changes during period of 2009 - 2010 

 

V. INTERPRETATION AND ANALYSIS 

As we can see in Figure 6, the value and pattern with 

time lapse microgravity anomaly (Figure 3). The fact 

was indicated that time lapse microgravity during 

period of 2009 - 2010 dominated by subsurface mass 

changes. In the time-lapse microgravity anomaly, the 

source of anomaly comes from the surface (vertical 

ground movement in which the value is approximately 

3 Gal/cm) and subsurface sources (fluid movement 

and change of physical property (density) in the 

reservoir). 

In accordance with theory in gravity method, there is 

contrary relation between the elevation of JMA and 

the gravity observation (gobs) map for 2007, 2008, 

and 2009 period. The low gobs, value is agree with the 

high elevation. On the other hand, the high gobs, value 

is agree with the low elevation. For example, the low 

gob, on the south part is agree with the high elevation 

of JMA. To verify result of interpretation about 

subsidence, subsidence which derived from 

microgravity anomaly data was compared with 

subsidence by GPS measurement, is shown in Figure 

9. 
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Figure 9. Subsidence which resulted from GPS measurement 

Subsidence value of microgravity anomaly data has 

similarity with subsidence by GPS measurements. The 

maximum value of subsidence is located at the 

Northern part of Jakarta. The maximum value about 

13 cm was occurred at North Jakarta at the boundary 

of North Jakarta and East Jakarta (signed by dashed 

red circle). High value of subsidence also occurred at 

North Jakarta (signed by yellow and blue dashed 

circles) have similarity at the location but the result of 

microgravity analysis has smaller value than a result 

of GPS measurement. 

Based on the result on linear inversion of deep 

microgravity anomaly, almost all part of Jakarta has a 

positive density changes. This fact was indicated that 

almost all part of Jakarta has increasing groundwater 

level because climate in Jakarta is rainy almost along 

the year (2009 - 2010). The negative value changes of 

density only occurred at a few part of Jakarta at 

Northeastern part of North Jakarta and East Jakarta. 

VI. CONCLUSION AND RECOMMENDATION 

Based on the result of data interpretation and analysis 

fiom time-lapse microgravity and its vertical gradient 

supported by water-pass elevation, it can be concluded 

as follows: 

1. Subsidence (ground level lowering) and 

groundwater level lowering at the north part of 

Jakarta are more intensive than the south part of 

Jakarta. 

2. Based on the value of shallow gravity anomaly 

from 8 Gal to 39 Gal, Jakarta Megacity Area has 

potentially elevation changes from 3 cm 

(subsidence) until 13 cm. 

3. Groundwater level at the almost all part of Jakarta 

has increasing value was indicated by positive 

density changes occurred at almost all part of 

Jakarta. 

4. Subsidence has locally occurred where the 

groundwater exploitation has given lower 

contribution than the others subsidence source 

such as resettlement and natural compaction. 

 

The recommendations relating to the result of research 

are: 

1. Information about subsidence, groundwater level 

lowering and sea water intrusion from the result of 

microgravity study at Jakarta Megacity Area can 

be used due to infrastructure development 

planning, environment management, groundwater 

utilization control, sea water intrusion control and 

flood control at Jakarta and its surrounding areas. 

2. In the next year, the research might not only for 

subsidence monitoring. The research can extend to 

groundwater contamination monitoring because 

source of mass changes at subsurface not only by 

saltwater intrusion but pollutant agent of industrial 

garbage also will caused subsurface mass change.  
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Based on time-lapse micro gravity results of 

subsidence sources we concluded that: 

 At North Jakarta most of subsidence caused by 

load of building and infrastructure. 

 At East Jakarta, most of subsidence caused by load 

of building and structure but at a few part of East 

Jakarta groundwater withdrawal give significant 

influence for the subsidence. 

 At South Jakarta, most of subsidence is caused by 

groundwater withdrawal. 

 At West Jakarta, most of subsidence caused by 

load of building and infrastructure. 

 At Central Jakarta, groundwater withdrawal and 

infrastructure give same influence. 
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