
I n te rna t i ona l  Con fe rence  ü 21 - 2 2 Oc tober 2013ü I TB ,  Bandung

1

Coastal Flooding Adaptation by Housing Adjustment
in Coastal Settlements

Case Studies : Muara Angke, North Jakarta and Tambak Lorok, Semarang

Juarni Anita1 &  Hamzah Latief2

Abstract

There is a phenomenon of rising the floor elevation of houses in coastal settlements 
in Muara Angke, North Jakarta and Tambak Lorok, North Semarang to avoid coastal 
flooding, which are frequently inundated the settlements there.  The coastal flooding 
hazards existed due to the sea level rise and extreme rainfall as influenced by climate 
change and exacerbated by land subsidence and poor drainage have become a threat 
to those areas.  Muara Angke and Tambak Lorok as fishermen settlements are 
located at the coastal area bordering to the Java Sea.  To overcome the problem, 
communities in these settlements have been done adaptation by rising the floor 
elevation to improve and adjust the housing quality to meet the household’s needs. 
This effort is called housing adjustment.

This research attempts to explore the coastal flooding maps in Muara Angke and 
Tambak Lorok and housing adjustment which done by communities, especially 
rising floor elevation of the houses. This research was conducted with quantitative 
and qualitative research methods. The quantitative method was used to plan the 
flooding map and analyzed the rising floor of the houses, and the other qualitative 
was used to describe the house condition.  The results of this research are to define 
the coastal flooding scenarios at those areas in the future and the classification of 
housing adjustment in coastal settlements to adaptation the coastal flooding.
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1. Introduction

In the last two decades, the coastal flooding became a big problem in the northern 
coast of Java Island, especially for large cities such as Jakarta and Semarang. It 
occurs due to several factors, such as: tidal waves, global sea level rise, ENSO, storm 
surges, land subsidence, higher rainfall or water runoff from hinterland, and sediment 
deposition (silting) on the river bed and estuaries. Some of the factors such as: global 
sea level rise, storm surges, rainfall, etc., are directly related to climate changes. 
Those factors make the magnitude of inundation depth and inundation extent become 
higher and wider, while the occurrences become more frequently.
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The severity of flooding resulting from the runoff of rainfall water and coastal 
flooding from the sea in coastal areas of Jakarta  as shown in Figure 1. This flood has 
been submerge infrastructure and settlement and exacerbating the building function 
as well as greatly affect to the environment and life qualities in the affected areas, 
such as health and sanitation conditions. Figure 2 shows the same thing for the 
Semarang city, which is only inundated by coastal flooding.

http://ourninetytwo.blogspot.com  http://news.liputan6.com http://berita.plasa.msn.com/

a. Flooding in Jakarta (2013), the water from hinterland

http://beritadaerah.com http://megapolitan.kompas.com/ http://merdeka.com

b. Coastal Flooding from the sea (storm tide)

Figure 1. (a) Flooding from hinterland and (b) Coastal flooding in Jakarta

Figure 2. Coastal flooding and examples of subsidence impacts in Semarang on mid 
April 2009 (courtesy of Kompas photo, 2 July 2009in Abidin et, al, 2010). 

Impact of the coastal flooding insists the communities to adaptive the hazards by 
adjusting their houses through floor elevated, so that the floor elevation of the houses 
are become not same, depend on their own capacity and budget to cope the coastal 
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flooding. Since the Jakarta and the Semarang cities have suffered of the impact of 
coastal flooding, so that this research will be focused on those two cities with case 
study of Muara Angke in North Jakarta and Tambak Lorok in North Semarang, 
because those areas have a high density of population of fishermen settlement which 
have low capacity to adaptive the coastal flooding. Due to the impact of floods in 
these settlements, so that the communities have initiative to elevate the roads in front 
of their houses and elevated their houses to avoid the flood, so that they can stay at 
home during the flood.
This research will assess the coastal flooding map of Muara Angke and Tambak
Lorok, and housing adjustment which done by communities. The aim of this study 
are to define the coastal flooding scenarios at Muara Angke (Jakarta) and Tambak
Lorok (Semarang) in the future and the classification of housing adjustment in there  
as effort to increase adaptive capacity  of the coastal flooding.  
The coastal flooding map for Jakarta are generated from the sea level scenarios of
tidal data, ENSO, storm surges and global sea level rise and then overlay with Digital 
Elevation Map (DEM) and satellite imagery from google earth, while coastal 
flooding map for Semarang are adopted from hydrodynamic simulation with scenario 
of tide, monsoon, and storm surges and overlay on the google earth map as given by 
Syahrani (2013). Furthermore for settlement data were collected through field 
survey. This research also based on the data on what residents perceived, and why 
they raised their houses. Those data were collected through depth interview with 15 
purposive respondents in Muara Angke and 8 purposive respondents in Tambak
Lorok.  Respondents were selected based on the criteria that they have lived more 
than 7 years and have been flooded several times (including the great flood in the 
year of 2007), and their houses have been renovated at least within the last 2 years. 
At the same time, literature study about coastal flooding, flood hazard mitigation, the 
relation between people and their environments, and housing adjustmentwas studied.

2. Muara Angke and Tambak Lorok Settlements

2.1. Muara Angke Settlement in North Jakarta

Muara Angke  is a delta where surrounded by Asin River in the east, Adem  River  
in the west, and Jakarta Bay in the north. It included in Pluit village and
subdistrict Penjaringan, in North Jakarta. Fishing port of Muara Angke was built 
in July 7, 1977. This region was prepared to accommodate the fisheries that 
spread over several locations in Jakarta.  Muara Angke has been designated as a 
center for fisheries development in Jakarta since 1990. Initially, this region had an 
area of 62ha, but the Jakarta Government  developed the region with reclamation 
in 2006, so that this area became ±71,7ha at present (see Figure3). This region 
consists of fishermen housing (21,2 ha), fish landing bases (5 ha), mangrove
forests (8 ha), fish processing (5 ha), ship docking (1,4 ha), vacant land (6,7ha), 
market (1 ha), terminal (2,6 ha), soccer field (1 ha), and ferry ports to Pulau
Seribu (2 ha). Fishermen housing was planned to be inhabited by owners of 
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fishing boats, crews, fishing workers, salted fish laborers, and fish traders (UPT 
PPKP and PPI Muara Angke, 2011).

Figure 3. Muara Angke Settlement as Case Study
(Source: UPT PPKP and PPI Muara Angke and field survey, 2013)

2.2. Tambak Lorok Settlement in North Semarang

Tambak Lorok consists of Tambak Mulyo and Tambak Rejo, located near to the 
Tanjung Mas Port and Banger River. It included in Tanjung Mas village and
subdistrict North Semarang. In early 1950 decade, several people started to 
inhabitant those location and working as fishermen. The land at near the coast were
developed as fish shrimp, and craps ponds. Firstly the land was owned by Indonesian 
Ports Authority or Pelabuhan Indonesia (Pelindo) and reclaimed the Tambak Lorok 
by means to build a container port in 1987. However a planning to build  the 
container  port could not realize because the fishermen settlement have been 
developing very fast after the reclamation.  Since the year of 2000, the land have 
been owned by the government of Semarang City. Currently the Tambak Lorok
become the largest producer of fishes in Semarang. The location of Tambak Lorok 
can be seen in Figure 4.
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Figure 4. Tambak Lorok Settlement as Case Study
(Source: Google earth and field survey, 2013)

3. Coastal Flooding 

3.1. Sea Level Rise and Land Subsidence
Sea level rise that caused by the climate change or global warming could inundate 
lowland and swampy areas, resulting in shoreline retreats and increases of beach 
erosion, damages of coastal ecosystems, and even submerges of small islands. Global 
warming due to greenhouse gases causes thermal expansion of the ocean especially 
in the surface layers (steric effect) and the melting of glaciers and ice caps and ice 
sheets at the poles, resulting in increases of ocean volume and raises of the ocean 
surfaces. IPCC Report (2007) mentioned that in the period of 1961-2003 the global 
sea level rose 1.8 mm (range of 1.3-3.0 mm) per year, while the increase rate is
higher between 1993 until 2003, that is about 3.1 mm (2.4-3.8 mm) per year. Long-
term variability of the rate of sea level rise is obvious. The results of IPCC AR4 
research stated that thermal expansion is contributed about 70% of the global sea 
level rise and roughly 30% of ice melting. Reduce of ice covered areas will increase 
the absorption of short-wave sunlight by land and ocean as well as the reduction of 
reflection by the ice surface. This condition will increase the acceleration of global 
warming, ice surface melting, thermal expansion rising, and eventually impact on the 
global sea level rise. In reality sea level may suffer both long-term and short-term 
changes (Latief and Fitriyanto, 2009):

• Long term change of sea level is also called as secular change. It is categorized
into two classes according to its causes: (1) Eustatic changes or changes of sea 
water volume, and (2) Local changes that includes land uplift or subsidence or is 
called as isostasy effect. This isostasy effects comprises thermal isostasy due to 
changes in temperature or density of the Earth interior, glacioisostasy related to 
the presence of ice, hydro-isostasy associated with the presence of water, 
volcanicisostasy due to magma extrusion, and sediment isostasy linked to 
deposition and erosion. Sediment compaction could cause land to be compressed, 
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or subsidence of oil and ground water extraction. While eustatic effects is a 
change of ocean basin due to expansion of the ocean floor, changes of oceanic 
ground floor elevation, and sea bed sedimentation.

• Short term sea level changes could occur due to several forces including ocean 
tides, storm tide, and storm surge (cyclone). A rise in sea surface height will occur
when the storm surge coincides with highest tide level, known as storm tide. 
These phenomena have periods between daily up to weekly. El Nino and La Nina 
phenomena also affect sea level in a short time period. At the time of the El Nino 
occurrence, sea surface in Indonesian waters decreases, while during the opposite 
La Nina the sea level increases. Besides, flooding in certain seasons is also a 
seasonal variation that may affect sea level in the short term, which increases
runoff from rivers into the sea causes additional sea level rise. These changes 
occur in seasonal up to annual periods. In addition the sea surface oscillations 
occuring at harbors known as a seiche is also a factor that affects sea level in 
short-term. These changes could occur within a period of minutes to hours. The 
land subsidence due to ground water extraction and loading of the high rise 
building could cause relative changes in sea level to the land. In addition to above 
phenomena, global warming also affects air temperature rise automatically and 
cause changes in atmospheric pressure and other climatic variables such as wind 
and rainfall. These phenomena will trigger a series of natural hazards which
potentially give stressor and would impact to the coastal zones like in Jakarta and 
Semarang. 

Serious attention to the coastal flooding impacts in Jakarta and Semarang needs to be 
paid early. Although the changes are slow (gradual) but the potential impact of the 
coastal flooding would be very likely and extends to the entire the coastal area. On 
the other hand, both the people who live or who have activity in coastal zones have 
suffered and disturbed their daily activities.

Sea level rise in the northern coast of Java average was 1.45cm/year during the years 
of 2005 to 2011 (Hadi, et al., 2012). Contribution of La Nina is about 15 cm and the 
storm surge is about 30 cm. The major factor that contribute for relative sea level rise 
in Jakarta and Semarang city is land subsidence. The land subsidence is mostly due 
to the unstable soil compaction, and the effects of human activities such as excessive
ground water extraction and loading of high-rise buildings.
Land subsidence in Jakarta has a magnitude which varies between 0.036 to 0.06m in 
Koja area; 0.012 to 0.036m in Cilincing area; 0.036 to 0.048m in Panjaringan area, 
and 0012-0036 m in Kalideres. A greater land subsidence was found in Pulogadung, 
Senen, Gambir, Grogol, Petamburan, Tambora, Taman Sari, and Pademangan areas 
which ranged between 0.048 to 0.06 m as shown in Figure 5
(http://meandmycoastallife.Blogspot.jp/2010/12/coastal-problem.html). While the 
subsidence in Semarang, based on the Environmental Geology Center survey results 
of from 1999 to 2003,found that are relatively large subsidence was detected round
Semarang Port, Hasanuddin cottage, Bandar Harjo and Tawang railway station, with
the subsidence rate around 1to 17 cm/year ( Murdohardono et al., 2007 in Abidin et, 
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al 2010). The Global Positioning System (GPS) derived contours and zones of 
subsidence rates in Semarang as shown in Figure 6 (Abidin et, al, 2010). This
phenomenon is clearly happening in the Jakarta city and Semarang city.

Figure 5. Map subsidence in Jakarta
(http://meandmycoastallife.blogspot.j/

2010/12/coastal-problem.html)

Figure 6.GPS derived contours and 
zones of subsidence rates in Semarang

(source: Abidin, et.al, 2010)

3.2. Coastal Flooding in Muara Angke

Coastal flooding occurred several times in Muara Angke, the last floods occurred in 
1999, 2002, 2007, 2012, and 2013. Flooding occurred due to several factors such as
spring tide, heavy rainfall, land subsidence, river silting, garbage piled up, and the
dike collapse. To cope the coastal flooding in MuaraAngke, the City Government of 
Jakarta (DKI Jakarta) which represented by Technical Unit of Muara Angke (UPT 
Muara Angke) have developed a protection strategy of settlements as a polder system 
(structural approach) to avoid flood.  It consists of levees, two reservoirs, and two 
pumping stations; each station has four pumps, as shown in Figure 3 above. 

In the aim to assess the extreme coastal inundation in Muara Angke, so we developed 
two extreme scenario for year of 2013 and coastal inundation projection in the year 
of 2030, by considering ocean tides with the highest high water level (HHWL) is 
53.6 cm and La Nina is about 15cm and storm surges is about 30 cm above mean sea 
level (MSL) base on the ocean parameter are given by Hadi (2012). Inundation map 
of extreme scenario of 2013 are shown in Figure 7. While the projection coastal 
inundation in 2030 is developed by adding the global sea level rise with magnitude 
about 39 cm. We assume that condition of tide the projection of inundation map for 
2030 is shown in Figure 8. The DEM are used in these maps are already considered
the land subsidence. Need to note that some of the land surface elevation existing 
under the mean sea level. The land became dry because the existing of flood 
protection along the coast and the river. However in the spring tide some of the area 
became flooded.
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Figure 7. Inundation depth and inundation distance in North Jakarta 
and Muara Angke, 2013

Figure 8. Inundation depth and inundation distance in North Jakarta 
and Muara Angke, 2030

3.3. Coastal Flooding in Tambak Lorok

Coastal flooding due to the ocean tides began occurred since in the year of 2002 in 
Tambak Mulyo Area and 2005 in Tambak Rejo. Although tidal flooding frequently 
occurred over the year, however the coastal protection system has not been built yet 
in Tambak Lorok. There are no reservoir and pump to help protect the settlements 
from flooding. This settlement was rumored to be relocated several times (1975, 
1992, 2000, and 2010) for expansion of the Tanjung Mas Port. Perhaps because of 

Study location

Study location
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the rumor, the flood protection system has not been built in this settlement. Similarly, 
there are no community health center facilities, public schools, and clean water from 
government. Meanwhile the existing the Fish Landing Port (TPI) is an important 
facility for the sustainability of fishing activities in this area.

Inundation map for Tambak Lorok is adopted from Syahrani (2013). She simulated 
the coastal inundation in Semarang by using hydrodynamic model with considering 
the ocean tides, wind monsoon and storm surges. The simulation consist of 3 (three) 
scenarios namely: scenario-1 only considered ocean tides,  scenario-2 considered
ocean tides and wind monsoon, and scenario-3 considered ocean tides, wind 
monsoon and storm surges. The inundation map of North Semarang is shown in 
Figure 9. From the simulation, she found the inundation depth and inundation 
distance in Tambak Lorok is listed in Table-1. Figure 9 shows that the Tambak  
Lorok always inundated during the flood tide over the year. Then the impact of 
coastal has been disrupting daily life. It can be seen from the inundation extent of 
the coastal flooding is likely to be wider.

Table 1. Inundation depth and distance in Tambak Lorok

Scenario Ocean Parameters Inundation
depth (m)

Inundation
distance (km)

1 Ocean tide 0.28 2.04
2 Ocean tide and wind monsoon 0.34 2.05
3 Ocean tide, wind monsoon and storm surges 0.3446 2.14

Figure 9. Inundation Map in Tambak Lorok during in 2013 
(source: Modified from Syahrani, 2013)

Study location
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4. Housing Adjustment as Effort to Increase Adaptive Capacity of Coastal 
Flooding

Relationship between people and environment can be explained by the stimulus-
response theory. Stimulus is an object or event that is apprehended by the senses 
such as changes in the human environment, while the response is a behavior that 
occurs in humans as a result of the stimulus he/she receives (Iskandar, 2012). 
Environmental stimulus will be assessed in one's cognition (cognitive appraisal), 
whether the stimulus is dangerous or not. Flood events in neighborhoods can lead to 
stress in humans because of the arrival of the sudden flooding, damaging home and 
furniture in it, and even threatening the safety of the occupants.

People will strive to maintain the standard they have, trying to cope with the pressure 
or threats in the surrounding environment, so that they can change the environment 
to adjust with their wishes, in order to maintain comfort (Bell, 1990 in Iskandar, 
2012). People are always trying to manipulate the environment to suit their 
circumstances.

Regard to adaptation, the main determinant of the motivation to adapt-what an actor 
wants to do, indicated by motives like goals, values or norms-is the relative risk 
perception. The judgment that a flood in the area would harm valued things, such as 
home or property, would relate to the perceived severity. Perceived severity is the 
person’s appraisal of how harmful the consequences of the threat would be to things 
he or she values if the threat were to the actually occur. Adaptation appraisal when a 
person evaluates his or her ability to avert being harmed by the threat, along with the 
costs of taking such action. Result of the adaptation appraisal process is a specific 
perceived adaptive capacity. The objective ability or capacity of actors (what an 
individual, a group, or a culture could do, indicated by the availability and the access 
to resources) only partly determines if an adaptive response is taken (Grothmann and 
Patt, 2005). Therefore, responses to the extreme events such as flood, private actors 
(like homeowners) renovate their houses can be called as effort to increase the 
adaptive capacity. 

Adjustment measures can be carried out by governments, communities, and 
individuals in the family to cope with environmental stresses. Government builds 
levees to protect the settlements, builds reservoirs  to collect rain water and waste 
water from residential areas, using pumps to remove water into the sea, and elevate 
the streets (Desmawan, 2010; Gultom, 2012). These adjustment measures are taken 
by the government so that people can still live even the area is flooding prone area. 
Adjustment measures can also be done by the homeowners. If they feel there is a gap 
between the actual condition of the house and a decent house in his opinion, they feel 
dissatisfied being at home and will renovate their houses, which is called housing 
adjustment (Crull, et. al, 1991). The homeowners action by elevating the house, 
extending and adding functionalities in the house can be called housing adjustment. 
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4.1. Housing Adjustment in Muara Angke Settlement

In Muara Angke settlement, initially built fishermen settlement is Block H and Block 
L, where the phenomenon of housing adjustment can be found, therefore this area 
was choosen as study location (see Figure 3). Furthermore, these blocks will be 
retained as landed housing, while the surrounding slums will be planned to be 
converted into flat housings. Totally there were approximately 360 houses, after 
several years, some houses were merged, two houses into one owner, so that the 
remaining houses are approximately 319 houses. According to the respondents, they 
do housing adjustment by rising the floor to avoid flooding and can do daily 
activities more better than before. The number of houses with raising floor elevation 
which is above the road level are amounted to as many as 90,5% (289 houses), 
meanwhile the number of houses which are under the road are amounted to as many 
as 9,5% (30 houses) because the occupants do not have enough money to raise their 
houses.

The classification of housing adjustment can be seen in Table 2 as follows:

Table 2. Classification of housing adjustment in Muara Angke
Classification of

Housing Adjustment Explanation

1. Low house

• The floor has been elevated several times, but the roof has 
not been elevated, therefore the house looks like drowning.

• Several of houses have floor elevation under the road level.
• Generally the respondents have not enough money and 

knowledge to adjust their houses, so that they feel uncomfort 
in their houses. They have low  adaptive capacity.

• This type is approximately 8% in settlement

2. Single storey house 
with elevated floor

• The floor has been elevated  above the road level, and the 
roof has been elevated too, but the house still as single storey 
house. 

• The floor elevation is various about 10 -100 cm above the 
road level. 

• Several houses have converted to be economic function such 
as retail,  saloon, food stall, etc.

• The homeowners feel difficult to do daily activities while 
flooding occurs.

• This type is approximately 39,4% in settlement
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Classification of 
Housing Adjustment Explanation

3. Two storey houses 
with elevated floor

• The floor has been elevated approximately 40-130cm above 
the road level, and roof has been elevated, becomes two 
storey houses.

• Several houses have extended economic function such as 
retail, rented room at the second floor, etc.

• Several houses using wood material for second floor because 
the cost is cheaper and easy to dismantle when they rise their 
houses in the future.

• several houses which ceiling heights are about 3,5– 4,5m.
They believe that floor will be elevated in next five years.

• They could do activities at the first floor (elevation > 80 cm) 
and the second floor while flooding occurs.

• This type is approximately 52,6% in settlement

Purposive respondents who selected by the criteria that they have lived more than 7 
years and have experienced flooding several times.The size of their houses that was 
originally 40m2 had been increased to 100-170 m2. All the rooms had been expanded 
(living, family, dining and kitchen). Houses which originally had 2 bedrooms were 
modified to 3 to 10 bed rooms. From 15 respondents, there are 8 houses using wood 
material for second floor because the cost is cheaper and easy to dismantle when they 
rise their houses in the future. There are 12 houses which ceiling heights are 
approximately  3,5– 4,5m because the respondents are confident that they will raise 
the floor again in the future. Building coverage ratio that was initially 53% had been 
increased to 100%, so that the houses have no garden nor open yard. Therefore, most 
of the houses tend to be lack of day lighting and fresh air. They use air conditioning 
and fan to reduce temperature in the house. 

4.2. Housing Adjustment in Tambak Lorok Settlement

Tambak Lorok settlement includes Tambak Mulyo and Tambak Rejo areas. It is 
difficult to count the number of houses in this settlement because several houses had
set and these houses were empty, there may be about 2000 more houses in 5 (five) 
neighborhoods (RW 12, 13, 14, 15, and 16). This fishermen settlement is different 
with Muara Angke. Originally the people built their houses by themselves, therefore 
the size of their houses is different from one another. The classification of housing 
adjustment can be seen in Table 3 as follows.
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Table 3. Classification of Housing adjustment in Tambak Lorok

Classification of 
Housing Adjustment Explanation

1. Low house

• The floor has been elevated several times, but the roof has not 
been elevated, therefore the house looks like drowning. The 
ceiling height is approximately < 2,5 m, there is even a ceiling
height 1,2 m.

• Several of houses have floor elevation under the road level.
Several of them are empty.

• Generally the respondents have not enough money and 
knowledgement to adjust their houses, so that they feel 
uncomfort in their houses. They have low  adaptive capacity.

2. Single storey house 
with elevated floor

• The floor has been elevated  above the road level, the roof has 
been elevated, too, but the house still as single storey house. 

• The floor elevation is variousabout 20-140 cm above the road 
level. 

• Several houses have extended economic function such as retail 
in Tambak Mulyo Street (main road in this settlement). 

• The homeowners feel difficult to do daily activities when 
flooding  was  happening , especially the floor elevation < 80 
cm.

3. Two storey houses 
with elevated floor

• The floor has been elevated about 40-140cm above the road
level, and roof has been elevated, as two storey houses.

• Mostly these houses have extended economic function such as 
retail and rented room by woman workers.

• Several houses using wood material for second floor because 
the cost is cheaper and easy to dismantle when they rise their 
houses in the future.

• several houses which ceiling heights are about 3,2– 4,5m.
They believe that floor will be elevated in next five years.

• They could do activities at the first floor (elevation >80 cm) 
and second floor when flooding was happening. 

• This type is approximately 1 % in settlement

Single storey houses with elevated floor are more commonly found in this 
settlements. The size of houses is approximately 50-200 m2. All the houses have an
empty space between the houses (they called ‘lengkong’), the width is about 50 cm in 
both sides (left and right sides) of the houses. Some of the houses have windows and 
ventilation at ‘lengkong’side, they tend to have day lighting and fresh air. All the 
houses have not used air conditioning.
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5. Conclusion

Coastal flooding hazards analysis show that nowadays the Maura Angke is always 
inundated during spring tides with the inundation depthabout 0-0.5 meter, the depth 
will be increased to be 0.7 m during La Nina and even more during storm tides. The 
projection of global sea level rise in the year of 2030, will be increased about 36 cm, 
so that the inundation depth will become 0.5-1.0 meter in Muara Angke. As well as 
Tambak Lorok, Semarang, its always also inundated during spring tides with 
inundation depth around 0.28 m and will become 0.35 m during the storm tides. The 
relative inundation depth and distance will be higher and wider in the future due to 
the global sea level rise and land subsidence which is gradually changing.

In Muara Angke, the city government has done a measure by coastal protection, 
polder systems and reclamation, while in Tambak Lorok, the government has done 
reclamation, however it has not been protected from coastal flooding by  coastal 
protection such as polder system. Therefore, the tidal flood is still common and more
houses were submerged in Tambak Lorok compared Muara Angke. Income of 
residents of Muara Angke is higher than Tambak Lorok, therefore more housing 
adjustment  into 2 floors in Muara Angke compared Tambak Lorok.

In Muara Angke and Tambak Lorok settlement, people do housing adjustment to 
avoid flood and can do daily activities while flood is happening. This housing 
adjustment perhaps has happened too in coastal settlements, in flood prone area. This 
adjusment as effort which be done by the homeowners to increase adaptive capacity. 
The similarities in the two settlements, the classification of housing adjustments 
include low house, single storey house with elevated floor, and two storey houses 
with elevated floor. Housing adjustment have been done by homeowners such as 
elevated ground floor (20 cm to over 100 cm), elevated the ceiling (3m to 4,5m), 
using wood floor for the second floor, and elevated terraces can be used for sitting
and motor parking. The differences between Muara Angke and Tambak Lorok, 
almost of the houses in Muara angke use air conditioning to reduce temperature in 
the houses, meanwhile there are no air conditioning in the houses in Tambak Lorok 
because they have ‘lengkong’ beside the houses.
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