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SUMMARY

Land subsidence is natural-anthropogenic hazardctaify several large urban areas in
Indonesia, i.e. Jakarta, Bandung and Semarang. éBeobased results from various
techniques (e.g. Leveling, GPS and InSAR) show ldrad subsidence rates in all three cities
generally have spatial and temporal variations, thedt magnitude is in average about 5-10
cm/year and can reach up to about 20 cm/year #icdocations and times. This type of
silent hazard is mainly caused by the combinatibrexcessive groundwater extraction,
natural consolidation of alluvium soil, load of &bructions and tectonic activities. In general,
information related to characteristics of land sudsce is important for urban spatial
planning and development activities, environmemntahagement, and risk assessment efforts.
Therefore, systematic and continuous monitoringlasfd subsidence in urban areas is
obviously needed and critical to the welfare of pleeples. Land subsidence impacts in urban
areas are quite numerous and can be categorizethfrdastructural, environmental, economic
and social impacts. In urban areas of Indonesiatlsidence impacts can be seen already in
the field in forms of cracking and damage of hogsinuildings and infrastructure; wider
expansion of (riverine and coastal) flooding ar@aalfunction of drainage system, changes in
river canal and drain flow systems and increasé&htsea water intrusion. In general, land
subsidence phenomena will increase the mainteremteehabilitation costs for the affected
environment, buildings and infrastructures. It alsadly influences the quality of living
environment (e.g. health and sanitation conditianil (social and economic) life in the
affected areas. This paper concentrates on thecemvental impacts of land subsidence in
those three large cities in Indonesia, namely JakBandung and Semarang.
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1. INTRODUCTION

Geometrically, land subsidence can be defined esldlwnward displacement of land surface
relative to certain reference surface, such as nseanlevel (MSL), geoid, or reference
ellipsoid, or relative to a certain assumed stadalimt outside the prone subsidence area, as
illustrated in Figure 1. In this case, if the hegbf certain point in land subsidence prone area
with respect to MSL (geoid) or the reference ebligsat epochs i and j are: H(i) and H(j), or
h(i) and h(j), then land subsidence between thedpachs i and j, LS(i,j), can be estimated
using the following relation:

LS(i.j) = H({) — H(i), or LS(i,j) = h() = h() . (1)

If the heights of that point are known relativecertain stable point outside the subsidence
prone area, namely dH(i) and dH(j), or dh(i) ang)dithen land subsidence between the two
epochs iand j, LS(i,j), can be estimated usingdiewing relation:

LS(i,j) = dH(j) — dH(i), or LS(i,j) = dh(j) — dhji. (2)
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Figure 1. Geometrical illustration of land subsicien

This natural-anthropogenic hazard phenomena carcdosed by natural and/or human
activities, such as tectonic activities (e.g. egutike and faulting), volcanic activities,
landslide, underground mining activities, excesgx@undwater or oil/gas extraction, natural
consolidation of alluvium soil, and load of constians. At present times, there are quite
many large urban areas (cities) in the world afectdd by this silent-type hazards, such as
Venice Carbognin et al., 2004), New OrleanB(rkett et al., 2002), HoustonBRuckley et al.,
2003), Mexico City Cabral-Cano et al., 2008), OsakaMurayama, 1970), Tokyo Ishii et al.,
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1970), ShanghaiGhai et al., 2004), Tianjin Qingzhi and Xioujun, 1986 Taipei Chen et al.,
2007), Manila Rodolfo, 2014), and BangkokPhien-weg et al., 2006). In urban areas of
Indonesia, on-going land subsidence has been dzsendakartaAbidin et al., 2001, 2008a,
2010a, 2011), Bandundpifidin et al., 2008b, 2009, 2012a, 2013), and Semaraimd(n et

al., 2010b, 2012b)Based on preliminary studies, land subsidencess expected to occur in
SurabayaKurniawan, 2011) and MedarSmanjuntak, 2014). Land subsidences in the urban
areas usually caused by the combination of excesghoundwater extraction, natural
consolidation of alluvium soil, load of constructs (i.e. settlement of high compressibility
soil), and sometimes tectonic activities.

In general, the impacts of land subsidence in urberas can be seen in various
representation in the field, and can be categorized infrastructure, environmental,
economic, and social impacts ( see Tablé&lipsidence representation impacts can be seen in
various forms, such as cracking of permanent cocistms and roadsilting of houses and
buildings, ‘sinking’ of houses and buildings, changes in riganal and drain flow systems,
wider expansion of coastal and/or inland floodirrgag, and increased inland sea water
intrusion. If the coastal areas of the cities have significambsidence rates, then coastal
flooding can occur during the high tides. In theastal areas of Jakarta and Semarang,
frequent and severe coastal flooding not just dwtdes the function of building and
infrastructures, but also badly influences the iqualf living environment and life Abidin,
2010a, 2012b). This paper presents and discusseserkironmental impacts of land
subisdencén three large cities of Indonesia, namely Jak&tmdung and Semarang.

Table 1. Characteristics of land subsidence impacts

No. Category Repr esentation of impact L evel of impact
cracking of permanent constructions and roads direc
tilting of houses and buildings direct

1 | Infrastructural ‘sinkiqg’ of houses and bui!dings _ direct
' breaking of underground pipelines and utilities edir
malfunction of sewerage and drainage system indirec
deterioration in function of building and infrasttures indirect
changes in river canal and drain flow systems addir
frequent coastal flooding indirect
. wider expansion of flooding areas indirect
2. | Environmental— . —
inundated areas and infrastructures indirect
increased inland sea water intrusion indirect
deterioration in quality of environmental condition indirect
increase in maintenance cost of infrastructure raodi
3. | Economic decrease in Iar_1d_and property_\(alues _ int_JIirect
' abandoned buildings and facilities indirect
disruption to economic activities indirect
deterioration in quality of living environment alig indirect
4. | Social (e.g. health and sanitation condition)
disruprion to daily activities of people indirect
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2. OBSERVED LAND SUBSIDENCE

In large urban areas, such as Jakarta, Bandungs@emarang, good and reliable information
on land subsidence characteristics is importanséweral aspects of urban development and
risk assessment efforts, such as spatial-basechdn@ier extraction regulation, effective
control of (inland and coastal) flood and seawatétusion, conservation of environment,
design and construction of infrastructures, sulfaserutility planning, sewerage and drainage
system design, and spatial development plannirgemeral. Therefore, for supporting urban
development activities, good and systematic mainigoof land subsidence is necessary.

In principle, land subsidence in urban areas carls®erved using several geodetic
methods, such as leveling, GPS survey, INSAR, mieraty, and geometric-historic. Each
geodetic method has its own strengths and limitatian revealing characteristics of
subsidence phenomena in urban areas, and therefaveder to have good and reliable
information on land subsidence phenomena, resulis ¥arious geodetic observations results
should be integrated (Abidin et al, 2015). Moreovitre integration will also allow the
comparison and validation of results from varioustimds, which can then lead to more
reliable subsidence information.

Land subidence phenomena in Jakarta, Bandung emdr&ng have been studied using
several geodetic methods since 1982, 1999, and, 2080ectively. The observed subsidence
phenomena in these cities have both spatial angddexhvariations, with typical subsidence
rates of about 5 to 10 cm/year in average. Howdaad subsidence can have higher rates at
certain locations and times. Summary of the regsligiven in Table 2. More detail results
from these studies can be seerAlidin et al. (2001, 2008a, 2008b, 2009, 2010a, 2010b,
2011, 2012a, 2012b, 2013a, 2013b, 2014, 2015a,0%8anta et al. (2005),Fukuda et al.
(2008),Supriyadi (2008),Kuehn et al. (2009),Lubis et al. (2011),Ng et al. (2012), Sumantyo
et al. (2012),Chaussard et al. (2013), andvuwono (2013).

Table 2. Summary of observed land subsidence imatkkarta, Bandung, and Semarang,
afterAbidin et al. (2015a).

No. Method Su_bS|dence Rates ((_:m/yea Obser_vanon References
Min - Max | Typical Period
JAKARTA
. 1-9 3-7 1982 - 1991 Abidin et al. (2001,
L | Leveling Surveys— g 3-10 1091-1997 | 2008a, 2010a, 2011,
2 GPS Surveys 1-28 4-10 1997 - 2011 2012a, 2012b, 2013a),
3 INSAR 1-12 3-10 2006 - 2010 Ng et al. (2012)
BANDUNG
Abidin et al. (2008b,
1 GPS Surveys 1-23 4-11 2000 - 2010 2009, 2012a. 2013b),
Chaussard et al. (2013),
2 | InSAR 1-19 5-12 1999 - 2010| "G al (2019)
SEMARANG
1 | Leveling Surveys 1-17 2-10 1999 - 2003  Abidinetal. (2010b,
2 | GPS Surveys 1-19 3-10 2008 - 2011 _2012b) Kuehnet al.
(2009),Murdohardono et
3 PS InSAR 1-10 3-8 2002 - 2006 al. (2007, 2009),
4 | Microgravity 1-15 2-10 2002 - 2005 Supriyadi (2008)
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3. ENVIRONMENTAL IMPACTS OF LAND SUBSIDENCE

The impacts of land subsidence in urban areasuate umMerous and can be categorized into
infrastructural, environmental, economic and soawbacts. The resulting losses from its
direct and indirect effects also quite huge, andno& be under estimated (see Figure 2).
Cracking of buildings and infrastructures, and wiegpansion of coastal and inland flooding
areas, are common impacts of land subsidence wdainchbe seen in Jakarta, Bandung, and
Semarang. Besides affecting land surface and (sudad underground) infrastructures, land
subsidence usually deteriorates the quality ohgvenvironment and life (e.g. health and
sanitation condition) in the subsidence affecteshar Development and maintenance costs of
infrastructures in subsidence affected areas wilblly be higher than in the normal situation.
Social and environmental costs due to direct amlirent impacts of land subsidence are
usually also quite significant.

Direct Effects
Primary

subsidence Phenomena Damage, Costs and Adjustments and their
= Vertical subsidence II» Other Impacts ||» Costs and Impacts

- n-made syste = Studi

= Tikting = o " - Suh::me control
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Other |
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* Maintenance Cost
* Social Cost

indirect Effects * Environmental Cost

= Induced seismicity

Figure 2. Losses due to land subsidence, sftts (2010) andAbidin et al. (2014)

The infrastructural impacts of land subsidencerivan areas are usually more recognizeable
in the field, compared to its environmental, ecommm@nd social impacts, as shown by
example in Figure 3. Examples of infrastructurahfs of subsidence in Jakarta, Bandung and
Semarang in various forms is given in Figure 4. 8ah this infrastructural impacts will
generate other impacts, namely environmental, eaanand/or social impacts.

The environmental impacts of land subsidencefitsglybe seen in the field in the
forms of frequent coastal flooding (for coastalestsuch as Jakarta and Semarang), wider
expansion of flooding areas, inundated areas afndsinuctures, changes in river canal and
drain flow systems, increased inland sea watewsiin, and in general deterioration in
quality of environmental condition in land subsideraffected areas. Examples of
environmental forms of subsidence in Jakarta, Bagdand Semarang in various forms is
given in Figure 5.
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Figure 4. Distribution of (infrastructural) subsibe impacts in Bandung, overlapped with the average
GPS-derived subsidence rates from 2000 to 201€x; Atftdin et al. (2013b).
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Figure 4. Examples of infrastructural forms of sdbace impacts.
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Figure 5. Examples of environmental forms of suésat impacts.

Environmental impacts of subsidence in urban aaeasactually closely connected to other
subsidence impacts (i.e. infrastructural, econoamd social), as illustrated in Figure 6.
Environmental impacts are actually indirect effeatssubsidence, and mostly generated by
lowering down of land surface and malfunction ekri canal and drain flow systems due to
subsidence phenomena. The infrastructural impattsubsidence can also contribute to
increase the environmental impacts. Due to itstivelly longer time response, the
environmental impacts of subsidence are usualllizesh after quite sometimes when the
impacts are already disrupting our daily activities

The main environmental impacts of subsidence lbamirareas are related to inundation
and flooding phenomena, which in turn will generat®nomic and social impacts, and in
general deteriorate the quality of environmentahdibon and disrupting the people
activities. In case of Jakarta, Bandung and Semgathe on-going subsidence is believed to
have spatial relation with repeated flooding dutiing rainy seasons in certain areas, and with
frequent coastal flooding during high tides. Subsik in flooding prone areas will
theoretically lead to expanded coverage and deeger depth of flooded (inundated) areas.
Vertical changes in water flow pattern in drainaganpal and river systems passing the
subsidence area, may also affect flooding systethd@rrespected area. More information on
relation between subsidence and flooding phenorrenase of Bandung and Jakarta can be
seen inAbidin et al. (2009, 2015b), and in case of Semarangnvono (2013).

In the case of Jakarta, if land subsidence affieateas as derived by GPS from 2000 to
2011 is compared with the flooded areas in Jal@rta2 January 2014 (see Figure 7), it can
be realized that there is spatial correlation intate locations. Several flooded areas are
spatially coincided with the subsidence affectezhay while several flooded areas along the
rivers do not show spatial correlation with subsizke phenomena. In order to have more
guantitative relation relation between subsidenu fiooding phenomena in Jakarta, further
research is still required.
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Figure 6. Land subsidence impacts and its connestistem.
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4. CLOSING REMARKS
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At present times, several large urban areas ofresia are experiencing land subsidence
phenomena, such as Jakarta, Bandung, SemarangnMedeSurabaya. In Jakarta, Bandung
and Semarang, this silent natural-anthropogeniardaz mainly caused by the combination
of excessive groundwater extraction, natural coadatbn of alluvium soil, and load of
buildings and infrastructures. The contributiont@ttonic activities in land subsidence of the
aforementioned cities is not yet certain, but isiexist, theoretically will no be a dominant
contributor.

Land subsidence impacts in urban areas are quiteerous and can be categorized into
infrastructural, environmental, economic and sodmpacts. Environmental impacts of
subsidence is usually underestimated, since idgect effect and its appearance usually is
unseen and has a relatively longer time resporese itifrastructural impacts. For example,
although land subsidence in urban areas contritiutaundation and flooding phenomena,
however, land subsidence is usually forgotten gessment and modeling of flooding and
inundation in urban areas.

Since environmental impacts of land subsidencerrivan areas are actually closely
connected to other subsidence impacts (i.e. imfretstral, economic and social) and can
aggravate other hazards (e.g. flooding and inuodgtithen study and assessment of its
characteristics should be carefully performed nheotto have good and reliable information.
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