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Abstract. Jakarta is the capital city of Indonesia located in the west-northern coast of Java island, within a
deltaic plain and passes by 13 natural and artificial rivers. This megapolitan has a population of about 10.2 million
people inhabiting an area of about 660 km?, with relatively rapid urban development. It has been reported for
many years that several places in Jakarta are subsiding at different rates. The main causative factors of land
subsidence in Jakarta are most probably excessive groundwater extraction, load of constructions (i.e., settlement
of high compressibility soil), and natural consolidation of alluvial soil. Land subsidence in Jakarta has been
studied using leveling surveys, GPS surveys, INSAR and Geometric-Historic techniques. The results obtained
from leveling surveys, GPS surveys and InSAR technique over the period between 1974 and 2010 show that
land subsidence in Jakarta has spatial and temporal variations with typical rates of about 3-10 cmyear—?. Rapid
urban development, relatively young alluvium soil, and relatively weak mitigation and adapatation initiatives, are
risk increasing factors of land subsidence in Jakarta. The subsidence impacts can be seen already in the field in
forms of cracking and damage of housing, buildings and infrastructure; wider expansion of (riverine and coastal)
flooding areas, malfunction of drainage system, changes in river canal and drain flow systems and increased
inland sea water intrusion. These impacts can be categorized into infrastructural, environmental, economic and
social impacts. The risk and impacts of land subsidence in Jakarta and their related aspects are discussed in this

paper.

1 Introduction

Land subsidence is a natural-anthropogenic hazard affecting
quite many large urban areas (cities) in the world, including
Jakarta, the capital city in Indonesia. It is located on the low-
land area in the northern coast of West Java, centered at the
coordinates of about 6°15’S and +106°50' E (see Fig. 1),
within a deltaic plain and passes by 13 natural and two
canals. This megapolitan has a population of about 10.1 mil-
lion people in 2014, inhabiting an area of about 662 km?,
with relatively rapid urban development. Topographically,
the area of Jakarta has slopes ranging between 0 and 2° in
the northern and central parts, between 0 and 5° in the south-
ern part, and its southern-most area has an altitude of about
50 m above mean sea level.

Land subsidence is a well known phenomena affecting
Jakarta, and it has been observed using several geodetic
techniques and has been widely reported for many years
(Rismianto and Mak, 1993; Murdohardono and Sudarsono,
1998; Purnomo et al., 1999; Rajiyowiryono, 1999; Abidin
et al., 2001, 2004, 2008, 2010, 2011, 2013; Koudogbo et
al., 2012; Ng et al., 2012; Chaussard et al., 2013). Accord-
ing to those studies, land subsidence in Jakarta has spa-
tial and temporal variations with typical rates of about 3
10 cmyear—1.

Land subsidence impacts in Jakarta can be seen already
in the field in forms of cracking and damage of housing,
buildings and infrastructure; wider expansion of (riverine
and coastal) flooding areas, malfunction of drainage sys-
tem, changes in river canal and drain flow systems and in-
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Figure 1. Location of Jakarta, the capital city of Indonesia.
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Figure 2. Importance of land subsidence information for urban de-
velopment.

creased inland sea water intrusion. In general, these impacts
can be categorized into infrastructural, environmental, eco-
nomic and social impacts.

Since information of land subsidence characteristics is im-
portant for sustainable urban development of Jakarta (see
Fig. 2), then understanding the risk and impacts of land sub-
sidence in Jakarta and their related aspects is very important
and strategic, and land subsidence charactristics should be
continuously monitored.

2 Land subsidence characteristics in Jakarta

Land subsidence phenomena in Jakarta has actually been
observed using several geodetic methods, such as Lev-
eling survey, GPS survey, InNSAR, Microgravity survey,
and Geometric-Historic method. In general, the observed
land subsidence in Jakarta has spatial and temporal varia-
tions, with the typical rates of about 3-10cmyear—1 (see
Figs. 3, 4). These subsidence rates are obtained from the in-
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Figure 3. Box plots of land subsidence rates in Jakarta during the
period of 1974-1991 (left) and 1991-2010 (right). Subsidence rate
unit is cmyear—1.
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Figure 4. Rates of land subsidence in Jakarta during the period of
1974-1991 (left) and 1991-2010 (right); courtesy of Irwan Gumilar
of Geodesy Research Group of ITB.

tegration of results obtained by the Leveling surveys (1974—
1997), GPS surveys (1997-2010), and InSAR technique
(2006-2010). In this period of about 37 years (1974-2010),
the total subsidence of up to about 4 m have been observed in
several locations in Jakarta. The observed land subsidences
along the coastal areas of Jakarta are relatively have larger
rates than the inland areas. Figures 3 and 4 also show the
existence of spatial variation in subsidence rates along the
coastal zone of Jakarta, in which the central and western
parts have relatively larger rates. These larger rates of sub-
sidence are mainly due to higher volumes of groundwater
extraction, combined with relatively younger alluvium soil
composition. More information on land subsidence charac-
teristics in Jakarta can be seen in Abidin et al. (2001, 2004,
2008, 2010, 2011, 2013, 2014, 2015a, b), Ng et al. (2012),
Chaussard et al. (2013).

The studies from Murdohardono and Sudarsono (1998),
Rismianto and Mak (1993), Harsolumakso (2001), and Huta-
soit (2001) suggested that the possible causative factors of
land subsidence in Jakarta are most probably: excessive
groundwater extraction, load of constructions (i.e., settle-
ment of high compressibility soil), natural consolidation of
alluvial soil, and tectonic activities. Land subsidence in cer-
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tain area is usually caused by combination of those factors.
Considering the spatial variation of land subsidence rates in
Jakarta area, then it can be expected that the contribution of
each factor on land subsidence at each location also will has
spatial variation. In Jakarta, tectonic activities seem to be the
least dominant factor, while excessive groundwater extrac-
tion is considered to be one of dominant factor for causing
land subsidence.

3 Land subsidence risk in Jakarta

Considering the aforementioned causative factors of land
subsidence in Jakarta, actually there are three main risk in-
creasing factors of land subsidence in Jakarta that can be
considered, namely: relatively young alluvium soil in which
Jakarta is located, rapid urban development, and relatively
weak imposement of land subsidence mitigation and adapta-
tion measures (see Fig. 5).

Jakarta is located in a lowland coastal areas, composed by
relatively young and soft alluvium soil. According to Rim-
baman and Suparan (1999), there are five main landforms
of Jakarta, namely: alluvial landforms (southern part), land-
forms of marine-origin (northern part adjacent to the coast-
line), beach ridge landforms (northwest and northeast parts),
swamp and mangrove swamp landforms (coastal fringe), and
former channels (perpendicular to the coastline). There are
also 13 rivers and 2 canals flowing across Jakarta from its
southern part and have estuaries in Java sea along an ap-
proximately 35km of coastline. Jakarta basin, according to
Yong et al. (1995), its consisted of a 200-300 m thick se-
quence of quaternary deposits which overlies tertiary sedi-
ments, in which the top sequence is thought to be the base
of the groundwater basin. The quaternary sequence itself can
be further subdivided into three major units, which, in as-
cending order are: a sequence of pleistocene marine and non-
marine sediments, a late pleistocene volcanic fan deposit, and
holocene marine and floodplain deposits.

The above geological and geomorphological conditions
make Jakarta has a higher risk (prone) toward land subsi-
dence phenomena, especially in cases of excessive ground-
water extraction and massive loading from buildings and in-
frastructures.

Rapid urban development in Jakarta also contributes to
increasing risk of land subsidence occurences in Jakarta
(Abidin et al., 2011). In this case, the increases in built-up ar-
eas, population, economic and industrial activities, will then
increase groundwater extraction and also buildings and in-
frastructure loadings; which usually in turn lead to land sub-
sidence phenomena. The relatively very rapid urban devel-
opment of Jakarta as a megapolitan city is mainly in the
sectors of industry, trade, transportation, housing, hotel and
apartment, and many others (Firman, 1999, 2004; Hudalah
et al., 2013); and they have introduced several negative en-
vironmental problems (Firman and Dharmapatni, 1994; Hu-
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Figure 5. The causative factors, risk increasing factors and impacts
of land subsidence in urban areas of Indonesia.

dalah and Firman, 2012), such as: extensive conversion of
agricultural areas into residential and industrial areas, sig-
nificant disturbance to ecological and hydrological func-
tions of the upland of Jakarta area and river catchment ar-
eas, and increase in groundwater extraction due to develop-
ment of industrial activities and the high population increase.
Coastal area of Jakarta which is mainly composed by rela-
tively young and soft alluvium soil, has also experienced ex-
tensive urban development, such as establishment of sea port,
coastal resort, golf course, residential areas, industries, apart-
ments, malls, hotels, and commercials and office buildings.
Coastal reclamation has also been conducted to accomodate
more coastal development initiatives. These extensive urban
development activities will have contribution into increasing
land subsidence risk in several places in Jakarta (Abidin et
al., 2011).

The other risk increasing factor of land subsidence in
Jakarta is a relatively weak mitigation and adaptation initia-
tives (see Table 1) being implemented in Jakarta. At present,
land subsidence hazard is not yet properly considered in ur-
ban development and spatial planning, groundwater extrac-
tion regulation system, and building codes in Jakarta. Al-
though the regulation has been introduced to limit ground-
water extraction in several subsidence prone areas in Jakarta;
however, its enforcement is still need to be proven.

4 Land subsidence impacts in Jakarta

In general, the impacts of land subsidence in Jakarta can
be seen in the field in various forms as shown in Fig. 6,
such as cracking of permanent constructions and roads, tilt-
ing of houses and buildings, “sinking” of houses and build-
ings, changes in river canal and drain flow systems, wider
expansion of coastal and/or inland flooding areas, and in-
creased inland sea water intrusion. These subsidence im-
pacts can be categorized into infrastructure, environmental,
economic, and social impacts (see Table 2). Most of these
impacts are indirectly generated due to land subsidence in
the areas, and several of them are directly caused by subsi-
dence. More over, these subsidence impacts have also rela-
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Table 1. Examples of mitigation and adaptation initiatives for decreasing land subsidence risk in urban areas.

Causative factors ~ Mitigation Adaptation

Excessive — Limit or prohibit groundwater — Increase the surface groundwater supply and resources.

groundwater extraction in subsidence prone areas.

extraction — Enforcement of strict regulation and — Continuous monitoring of subsidence characteristics.
punishment for groundwater extraction
in subsidence prone areas.

Load of — Urban development planning takes into account - Implementation of special building codes for land

buildings and the land subsidence characteristics in the areas. subsidence prone areas.

infrastructures — Urban development rate in subsidence — Continuous monitoring of subsidence characteristics.
prone areas is properly controlled.

Natural — Implementation of subsidence-adaptive

consolidatium urban developmen and spatial planning.

of alluvium soil None

Tectonic activities

— Continuous monitoring of subsidence characteristics.

Table 2. Characteristics of land subsidence impacts; after Abidin et al. (2015c).

No. Category

Representation of impact

Level of impact

cracking of permanent constructions and roads direct
tilting of houses and buildings direct
1 Infrastructural “sinking” of houses and buildings direct
' breaking of underground pipelines and utilities direct
malfunction of sewerage and drainage system indirect
deterioration in function of building and infrastructures indirect
changes in river canal and drain flow systems
frequent coastal flooding
5 Environmental \_Nlder expansion of f!oodmg areas indirect
inundated areas and infrastructures
increased inland sea water intrusion
deterioration in quality of environmental condition
increase in maintenance cost of infrastructure
. decrease in land and property values -
3 Economic abandoned buildings and facilities indirect
disruption to economic activities
deterioration in quality of living environment and life
4. Social (e.g. health and sanitation condition) indirect

disruprion to daily activities of people

tion among each other, and its connection system is simpli-
fied by Fig. 7.

The potential losses due to land subsidence in urban ar-
eas such as Jakarta are actually quite significant (Ward et
al., 2011; Viets, 2010). Related infrastructural, social and en-
vironmental costs due to direct and indirect impacts of land
subsidence are economically quite significant, and can not
be under estimated in sustainable urban development. In this
regard for example, the planning, development and mainte-
nance costs of building and infrastructures in the affected ar-
eas are usually much higher than the normal situation. The

Proc. IAHS, 372, 115-120, 2015

collateral impact of coastal subsidence in Jakarta, in the form
of coastal flooding during high tides is also quite damaging
(Abidin et al., 2011, 2015b). This repeated coastal flooding
in several areas along the coast, will deteriorates the structure
and function of building and infrastructures, badly influences
the quality of living environment and life (e.g. health and
sanitation condition), and also disrupts economic and social
activities in the affected areas. Inland subsidence should also
has an impact on inland flooding phenomena in Jakarta (Tex-
ier, 2008), since it will theoretically lead to expanded cov-
erage and deeper water depth of flooded (inundated) areas
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coastal flooding

Figure 6. Examples of representation in the field of land subsidence

impacts in Jakarta.
Economic
Impacts

Infrastructural
Impacts

Social

Impacts

SUBSIDENCE

= Land Surface

= River, Canal, Drain ||»
Flow Systems

Figure 7. Land subsidence impacts in urban areas and its connec-
tion system, from Abidin et al. (2015c).
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(Abidin et al., 2015b, c). The losses due to inland flooding
in Jakarta are also significant since it affects many economic
related activities in the city and surrounding regions.

5 Closing remarks

Land subsidence is a natural-anthropogenic hazard affecting
Jakarta, with typical rates of about 3-10 cmyear~1. Its di-
rect and indirect impacts can be easily seen nowadays in the
field. Without good and effective mitigation and adaptation
initiatives, land subsidence hazard in Jakarta can have more
disastrous impacts in the future. In this case, the infrastruc-
tural, economic, environmental and social impacts of land
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subsidence can be quite a heavy burden for sustainable de-
velopment of Jakarta.

At present, detail characteristics and mechanisms of land
subsidence in Jakarta, both in spatial and temporal do-
mains, are still not yet fully established. Contribution of each
causative factors on observed land subsidence in certain areas
still needs to be estimated and modelled. In this regard, the
implementation of continuous subsidence monitoring system
(e.g. GNSS CORS system) in Jakarta is necessary. Since,
there is quite a strong linkage between geological and ge-
omorphological condition, and rapid urban development in
Jakarta with land subsidence characteristics, then subsidence
mitigation and adaptation initiatives should be integrated in
urban development program and spatial planning of Jakarta.

Finally, it should be pointed out that based on prelimi-
nary studies (Abidien et al., 2015b), it is found that there is
some spatial correlation between land subsidence affected ar-
eas with flooded (inundated) areas in Jakarta. However, since
the exact relation mechanism between the two phenomena is
not yet established; then more quantitative characteristics of
this correlation cannot be estimated. In order to establish a
quantitative relation between land subsidence and flooding
phenomena in Jakarta, then the following activities should
be conducted, namely: detail mapping of the spatial and tem-
poral rates and impacts of land subsidence, detail mapping
of flooded (inundated) area during the flooding events, and
detail flood risk modelling for Jakarta.
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