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GEOSPATIAL MONITORING OF
NATURAL HAZARDS IN THE CITY

The central part has an altitude of about 665 m
and is surrounded by up to 2400 m high volcanic terrain.
The catchment area of the basin and surrounding mountains covers
- approximately 2300 km?, and the Citarum river with its tributaries form
ISG 2012, Kuala Lumpur, 25-26 November 2012 the main drainage system of the basin catchment.
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= about 7.7 million people inhabited the basin (ZOiO)
JI. Gatot Subroto, Jakarta, Indonesia

= manufacturing and textile industries
-

Bandung city taken the Northern side

BANDUNG
West Java
Indonesia
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NATURAL HAZARDS IN BANDUNG CITY
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Earthquakes in Bandung Basin

" From Lembang Fault

= From Cimandiri Fault
= From Subduction
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Lembang Fault and Earthquakes (2)

107'5024" 107'3300° 107'3356°

Lembang

= Lembang Fault
(North of Bandung)

Bandung

Northern side of Lembang fault ~*

Lembang Fault from Tangkuban Perahu Volcano b N GPS Networks
™ Observed 2006-2011

N= 44 points

Lembang Fault and Earthquakes (1) GPS CORS managed by Geodesy ITB

Several earthquakes related to Lembang fault :

= 23 Sept. 2000, 5.4 SR
(felt in Cimahi, Ujungberung, Soreang, Bale
Endah, Lembang, and Bandung)

(Newcomb and McCann, 1987)
8 km North of Soreang.

©
= 11 July 2003, 4.2 SR MAR 28, 1875

In cooperation with

20 km NE of Bandung, - GSI Japan, ERI University of Tokyo,

depth 10 km

and Bakosurtanal.

= Atpresent : 5 GPS CORS stations as shown in the Figure.
= 5 Maret 2006, 2.0 SR = - . . . -
= The main aim of this CORS network is to study the inter-seismic
6.7 km N of Lembang, it ) deformation of active faults in West Java, e.g. Cimandiri, Lembang
depth 5 km - - and Baribis faults




GPS derived Strain
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Lembang Fault: GPS derived Displacements
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Lembang Fault : Creeping dan Locking model
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Volcanic Eruption of l;,
Tangkuban Perahu .

Elevation : 2087 m
Eruptions: ..., 1910, 1994
Active Craters : 9 (nine)
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GPS Network for Monitoring Tangkuban Parahu Volcano
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Flooding in South Bandung
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.. g . Landslides in Bandung
Floodlng n s : . * In hilly areas * During rainy season

Bandung basin

Landslides in Bandung

Geospatial information is needed
for indicating and mapping
landslide prone areas

=g A riaty) i) AT ,
< ~ Floodingin Bandung basin usually occurs in Southern
Bandung along Citarum river and its tributaries
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Land Subsidence in Indonesian Cities IMPORTANCE OF LAND SUBSIDENCE INFORMATION
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PRINCIPLE OF LAND SUBSIDENCE MONITORING
Geodetic Methods for Land Subsidence Monitoring USING REPEATED GPS SURVEY METHOD
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® Coordinates from Survey # 1
® Coordinates from Survey # 2

Bandung Limited Since 2000 Since 2007  Since 2008

Semarang Since 1999 Since 2008 Since 2007 Since 2002

GPS network
Covering the
GRD of ITB mainly involved with GPS Surveys and InSAR. study area

Hasanuddin Z. Abidin, 2006

Types of Land Subsidence GPS NETWORK FOR MONITORING
p LAND SUBSIDENCE in BANDUNG BASIN

~
)

¢ subsidence due to groundwater extraction, B poTLo0 (el ST

S-2 :21-30 Nov. 2001

. . . S-3 :11-14 July 2002
¢ subsidence induced by the load of constructions 4 :1-3 June 2003

(i.e. settlement of high compressibility soil), .- o 2’“’:%;
S -7 :July 2009

S-8 :lJuly 2010

S-9 :August 2011

¢ subsidence caused by natural consolidation

of alluvium soil, and §-10: August 2012
e tectonic subsidence. 1 T TORNRN (= 1 NN
~ A Y | “L—— stationlocation
HasanuddinZ. Abidin, 2006 inZ Abidin, 201 X A By N | A B ke~
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GPS NETWORK FOR MONITORING
AR IR ENE T AR D G BT GPS-DERIVED LAND SUBSIDENCE IN BANDUNG (3)

June 2005 — Augt 2008 Augt 2008 — July 2009
""Google
GPS-DERIVED LAND SUBSIDENCE IN BANDUNG (1) GPS-DERIVED LAND SUBSIDENCE IN BANDUNG (4)
BANDUNG SUBSIDENCE RATE BANDUNG SUBSIDENCE RATE

July 2010-August 2011

July 2009 - July 2010

Feb. 2000 — Nov. 2001 Nov 2001 — July 2002

GPS-DERIVED LAND SUBSIDENCE IN BANDUNG (2) Mg 20 : i \ I[nSAR d.erived
Slave : 20064 , : Subsidence

June 2006
to March 2007
(about 9 months)
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L .
4 .\ tsubsidence

" about12 cm
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Reference:
Deguchi and
Maruyama (2007)
ERSDAC Japan

July 2002 — June 2003 June 2003 — June 2005

20 (kmy




9/5/2012

IMPACTS OF LAND SUBSIDENCE

14
o

e Malfunction of drainage system.

e Changes in river canal and drain flow systems.

e The wider expansion of inland & coastal flooding areas.
e Cracking of buildings and infrastructure.

e Lowering the quality of living environment and life (e.g.
health and sanitation condition) in the affected areas.

¢ Increasing the maintenance costs for the affected
buildings and infrastructure.

InSAR derived subsidence (cm)

20.

S
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HasanuddinZ. Abidin, 2011 Hasanuddin Z. Abidin, 2011

InSAR derived Subsidence : 1993 - 2010 Mapping of land subsidence impact in Bandung Basin

JERS. 1 SAR 19940326 199€0128
Field survey has been done
to map and evaluate the
impacts of land subsidence
in Bandung basin.

Field survey area focused
in the large subsidence
area and beside taking
pictures we were doing
some interview with local
people.

A: kek, B: L igajah, C: Ujungberung, D:

E: Dayeuh Kolot, F: Leuwigajah

Sumantyoetal. (2012) HasanuddinZ. Abidin, 2011

JRRS 1 SAR 19961118199 79909 Al ALOS PALSAR 20070114 20080117

AR 20080126 20061205 (AY) ALOS PALSAR 20051213 20091216
Dayeuhkalot
Clmahl

L My
Balrmdah ajatuys

berung, D: E: Dayeuh Kolot, F: Leuwigajah

Sumantyoetal. (2012) Hasanuddin Z. Abidin, 2011
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Impacts of Land Subsidence in Bandung (2)

G: Dayeuh Kolot H: Cimahi

|: Gedebage
J: Gedebage L: Dayeuh Kolot

K: Leuwigadjah

EVIDENCE OF LAND SUBSIDENCE IN BANDUNG (Dayeuh Kolot)

Guilar (2011)

[

Shortened distances from
the roof and street to the floor

Mapping of land subsidence impact in Bandung Basin

781000 700000 798000 808000
L L '

s240000
%ﬁ

T
amanny

T
7000

Legend

g- ©  Tilting and das i fouses 9 '%
® Cracksin g 1
©  Damage of iffrastructure (road and bridge)
°

Cracks in toll road
T T T T
781000 790000 799000 208000

Abidin et al. (2012)

EVIDENCE OF LAND SUBSIDENCE IN BANDUNG (Gede Bage)

e

Gumilar (2011)

HasanuddinZ. Abidin, 2011

EVIDENCE OF LAND SUBSIDENCE IN BANDUNG (Cimahi)

“Shortened distances from
the roof to the floor

ot

EVIDENCES OF LAND SUBSIDENCE IN BANDUNG BASIN

Crack on the highway (TOL Padalarang Cileunyi — Kilometer Pasirkoja)




Land Subsidence and Flooding in Bandung Basin
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Irwan Gumilar (2011)

#f A GPSpoints
= - Rivers
-2.6m  GPSand InSR derived subsidence (1999-2010) 0.0 | Flooded

" area (2010)

Flooding area 2010 and its depth without subsidence impact

Gumilar etal. (2012)

Modeling -
Floodin -
Bandung -

DEM 2010 L

G

The flooding area in Bandung Basin modelled by using SOBEK software from Deltares (Holland).
Sobek software designed to estimate 2D flooding area. The input of this software are the rainfall
data, geometry of Citarumrriver, land use, and Digital Elevation Model (EDM) in 2010.

Flooding area 2010 and its depth with subsidence impact
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Rainfall data in Bandung basin
in 1970-201 (PUSAIR dan
Deltares, 2010)

Land use map

of Bandung Basin 2006 from
Landsat image (PUSAIR dan
Deltares, 2010)

Differences in flooding coveragearea
with and without subsidence impact
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Flooding area with subsidence impact (5032 ha)
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Causes of Land Subsidence in Bandung ? GROUNDWATER EXTRACTION IN BANDUNG

[Badan Geologi, 2009]

¢ Excessive groundwater extraction

3000
GROUNDWATER EXTRACTION
IN BANDUNG BASIN (1900-2008) 768 R 2080
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¢ Natural consolidation of alluvium soil Y
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¢ Load of buildings and constructions

a7 1500

¢ Tectonic activities

SlIam Jo Jaquiny

Contribution of each causes
in spatial and temporal domain,
is not fully known yet.
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Groundwater extraction volume (million cubic-meter)

GROUNDWATER TABLE DEPLETION RECORDED BY MONITORING WELLS

Urban Development and Subsidence IN METROPOLITAN BANDUNG (1990-2004)

in Bandung Basin
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= Increase in built-up areas

will cause = Increase in population will lead to
= Increase in economic and
industrial activities

= Increase in groundwater extraction

LAND
SUBSIDENCE

URBAN
DEVELOPMENT

= Land use planning
= Groundwater extraction regulation
will affect = Building and infrastructure codes

= Flood management and control
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should be
considered in

Source: Directorate of Environmental Geology (1990-2004)
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Land Subsidence and Groundwater Abstraction

LAND USE CHANGES IN BANDUNG BASIN

adapted from Sampurno (2006). 45 e 600 § INITIAL HYPOTHESIS :
e s00 3 Land subsidence observed in
5 Z: w00 g‘ several locations in Bandung
g 25 basin is caused by an excessive
) e groundwater abstraction.
@ 15 200 §
’: H 100 g GPS survey results show that
0 o & this hypothesis is not always
BMR  CMHI  DYHK ML RCKL  RCK2 N true for all observed stations.
14 600 £
= subsidence §
12 -o- Extracted groundwater s08%| WHY?
Sw 400%‘ « the registered groundwater
g 8 ES abstraction volume does not
36 300'; reflect the real groundwater
@ 4 200§ abstraction, and/or
100
: g « the land subsidence is also
0 o 2
The urban areas are indicated with the red-pink colour region. BNR CHMI DYHK ML1 RCKI ROK2 GPRY KPOZ govemed by other factors.
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Groundwater Level Lowering and Land Subsidence
in Bandung Basin

10
Groundwater level lowering rate (m/year)
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Hasanuddin Z. Abidin, 2009

Bandung
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InSAR derived
Subsidence

however shows
that the largest
subsidence

occurred inside
the textile industry
area complex

Excessive
Groundwater
Extraction ?

Feb200  Nov2001 July2002  June2003 June2005  Aug.2008

Industrial area,

LAND SUBSIDENCE vs. LAND USE

0 GPS-derived subsidence of station : RCK2

10 Total subsidence rate : 7.4 cm/year .
- Subﬁldence of tk'le RCK2
Ty station located in the
o Rancaekek area from
70 2000 to 2008.

©

Y

Indication of
groundwater
level fall in the
Rancaekek area,
adapted from
Wirakusumah
(2006).
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HasanuddinZ. Abidin, 2006

Groundwater Level Lowering and
Land Subsidence in Bandung Basin
Groundwater level lowering rate, Average subsidence rate
adapted from Ruchijat (2006) (from GPS surveys)
Area Rate Period GPS station Rate Period
(m/year) (cm/year)
North Cimahi 1.3-8.0 1994-2004
CMHI -15.1 2000-2005
South Cimahi 02-3.2 1994-2004
x2.4 1980-2004
Dayeuh Kolot DYHK -12.0 2000-2008
02-41 1994-2004
Rancaekek 0.5-4.2 1993-2004 RCK2 -7.4 2000-2008
Cileunyi 23-28 2000-2004 RCK1 -5.3 2000-2008
Banjaran 03-25 1989-2004 BNJR -5.6 2000-2008
Majalaya ~1.8 1980-2004 MJL1 -6.3 2001-2003
Ciparay 04-1.6 1992-2004 CPRY -3.0 2001-2002
Ujung Berung 0.2-0.5 1994-2004 UJBR -3.6 2001-2003

74000 780000 786000
r L 1 L L
|
g
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1-2.6 Land Subsidence (2000 —2010): !3 —i
Tr4000 " 7a0000 ' 785000 " 7o2000 " 738000 | sosane " 10000 gesane
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Location of GPS Stations CMHI and DYHK Land Subsidence :
(i = e @i e RV Groundwater Extraction and Loading
“North
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080 Area : Dayeuh Kolot ( +
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Subsidence rate (2009 - 2010): Subsidence rate (2009 - 2010): ~#— Loading —=— Gr - Gr + —+— GPS Result
14.5 cm/year 7.4 cm/year Loading
o veaddnzAsdnon | S nefTaiqeta o) |
Location of GPS Stations MJL2 and RCK2 Land Subsidence and Natural Consolidation
(in the areas of textile industries) of Alluvium Soil

Kosambi formation
= lake alluvium (sediment)

Textile Industries
(grey-white roofs)

TextileIndustries
(grey-white reofs)

- u” = iz B Kosambi Formation [ Tertiary SedimentaryRock
e 002002 Subsidence rate (2005 - 2008): 5 Swnwnanromaten B US| st
6.5 cm/year 5.9 cm/year B Tertary Volcanic Gikapundung & Cibereum Formations
Ref: Hutasoit (2010)
L ez A | T
e 0T DANDONS Location of GPS Stations GDBG

OVERLAID WITH AQUIFER DAMAGE
u

Textile Industries
(grey-white roofs)

Ref: Gumilar (2010)

d effects of gr d abstraction
9.1 cm/year and natural consolidation ?

s Subsidence rate (2009 - 2010): C
B— |
=3 Land Subsidence (m) 0
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Land Subsidence and Flooding in Bandung Basin Flooding area 2010 and its depth without subsidence impact
“ /M NORTH
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Irwan Gumilar (2011)
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——— Rivers
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area (2010)

Working Week 2012

Modeli Flooding area 2010 and its depth with subsidence impact
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The flooding area in Bandung Basin modelled by using SOBEK software from Deltares (Holland). 0 Meter
Sobek software designed to estimate 2D flooding area. The input of this software are the rainfall T P T oo pron g
data, geometry of Citarumriver, land use, and Digital Elevation Model (EDM) in 2010.

Management

Differences in flooding coveragearea

Rainfall data in Bandung basin with and without subsidence impact
in 1970201 (PUSAIR dan

TB0000 TBEO00 T6000 BO4000 812000
Deltares, 2010) § 1 1 1 re 1 §
& iy g

Gedebage Rancaekek

Dayeuhkalot

g- Legend A (6420 ha) e \ 'g
IEnaseman § Flooding area without subsidence impact . * Majalaya

of Bandung Basin 2006 from
Landsat image (PUSAIR dan

Deltares, 2010)

Flooding area with subsidence impact
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e Main threat comesfrom: v
v
v
v

v

Hasanuddin Z. Abidin, 2012

CLOSING REMARKS

® Bandung is prone toward several natural hazards

Flooding

Land Subsidence
Volcanic eruption
Earthquake
Landslide

e Good and reliable geospatial data and information
in both spatial and temporal domain is needed
for natural hazard mitigation process.

9/5/2012

15



