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ABsTRACT. Dynamic environment in coastal area, especially due to coastal erosion process, has negative impact
on human environment. Sayung coastal area, located in Central Java-Indonesia, has experienced severe impact
of coastal erosion. As the result of the coastal erosion, hundreds of settlement located in coastal area has been
destructed. Moreover, fishponds as the land use dominated in the coastal area also has been severely destroyed.
Besides the coastal erosion, increasing of inundated area due to sea level rise also threaten the local community.
Although devastating impact suffering the coastal area, the people of Tambaksari, as the part of Sayung area,
decided to live and adapt with the coastal erosion. This paper aims to identify the coastal erosion and understand
adaptation strategies held by the local community related to reduce the impact of the coastal erosion. Based on
this research, various adaptation strategies has been identified, namely (1) Planting mangrove alongside the
shoreline, (2) elevating the ground level, (3) building staged house, (4) utilizing deep well for freshwater supply,
(5), maintaining social interaction with mainland community, (6) Collecting fish from the mangrove as the food,
and (7) changing work into the tourism sector.
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1. Introduction

Coastal area, as an intersection of the natural
processes generated from the land and the sea,
has very dynamic environment compared to the
other locations in the world. Natural process
from the land, mainly driven by fluvial process,
is produced as the result of water flowing from
mountainous catchment area to the lowland del-
ta (Marfai & Mardiatno 2010). The fluvial proc-

ess reaching the outlet therefore combined with
the process from the sea, mainly driven by the
wave and current. As summarized by Marfai
et al. (2008), Marfai et al. (2011), Marfai (2011a),
Mardiatno et al. (2012), and Purnama et al. (2012),
various physical and geomorphological proc-
esses generated by the interaction of the land
and the sea can be found, for example; tsunami,
coastal inundation, river flooding, land subsid-
ence, erosion and sedimentation, degradation of
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mangrove ecosystem, environmental pollution,
and problem related to water resources. Geomor-
phological processes occurred in coastal area,
especially in the terms of erosion and sedimenta-
tion, are the most important factor to the shore-
line changes. The process of continuous erosion
and sedimentation become major driven factor
of shoreline changes as one of the most dynamic
process in coastal area (Bagli & Soille 2003, Suna-
rto 2004, Mills et al. 2005)

Indonesian archipelago has very complex
geomorphological process occurred in both
the land and the sea. The Indonesian shoreline,
which extents of more than 80,000 km in length,
therefore might face various environmental prob-
lems. Marfai (2011b) stated that inundation, dis-
placement of wetlands and lowlands, increased
coastal storm flooding, and increased salinity
are the most serious problems suffering coastal
area. Several coastal areas in Indonesia also suf-
fered from shoreline changes due to coastal ero-
sion. While parts coastal-lowland topography in
Indonesia is dominated by settlement, economic
activities, and agriculture, the coastal area in In-
donesia has very high vulnerability (Marfai &
King 2007). Moreover, due to inappropriate land
use management, the environmental problems in
Indonesian coastal area are continuously getting
worse (Marfai & King 2008). However, coastal
community usually adapt with the situation by
developing kind of coping strategies. Starting
from simple structural mitigation up to massive
structural defense (Marfai et al. 2008a, Marfai et
al. 2009, Marfai 2011c, Hardoyo et al. 2011).

Sayung coastal area, as part of the coastal area
in Demak Regency (North of Central Java - Indo-
nesia), has affected by dynamical process in the
form of shoreline changes. As noted by Marfai
et al. (2008b), Sartohadi et al. (2009), and Maulina
(2010), most dynamic area of erosion-sedimen-
tation process in Central Java can be found in
Semarang City, Tegal Regency, and Demak Re-
gency. Although various erosion and sedimenta-
tion process can be found in the northern coast of
Central Java (Bird & Ongkosongo 1980, Sunarto
2004, Marfai et al. 2008b), Sayung coastal area has
experienced massive coastal erosion. At present,
coastal erosion has damaged mangrove ecosys-
tem, settlement, and fish pond. The impact of
coastal erosion towards fish pond and settlement

in Sayung becomes source of major economic
losses towards local community. In adapting the
impact of the coastal erosion, local community in
the research area has developing specific adapta-
tion strategies. Therefore, it is important to iden-
tify and understand adaptation strategies held
by the local community, especially in developing
future mitigation and adaptation strategies.

2. Objectives

This research aims to (1) analyze the dynamic
of shoreline changes in Sayung area due to coast-
al erosion, (2) analyze the impact of coastal ero-
sion toward local community in research area, (3)
identify adaptation strategies taken by the local
community at present.

3. Methodology

Analysis of shoreline changes due to coastal
erosion and analysis of adaptation strategies of
the local community in Tambaksari-Sayung area
have been applied in this research. Analysis of
shoreline change is calculated based on visual-
temporal remote sensing data. Landsat satellite
image in 1994 has been applied to represent the
past condition in which the impact of erosion
was small. Analysis of shoreline changes then
has been done by comparing it with Landsat im-
age in 2006. Therefore, the coastal erosion can be
visually identified using both of the two images.

Adaptation strategies of the local community
has identified by using in depth interview to the
community member. The aspects that have been
identified consist of both physical and social-eco-
nomic aspects. Besides the physical and social-
economic adaptation, community perception
about the coastal erosion and community prefer-
ence in adaptation also gathered.

4. Result and discussion

4.1. Coastal Erosion in Sayung

Sayung coastal area, as part of Demak Regen-
cy, is located at the regency boundary with the
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East of Semarang City (Fig. 1). At present, Say-
ung coastal area is highly affected by economic
development in Semarang. Whereas Semarang
City functioned as one of the center of regional
economic center in Java, the Sayung coastal area
then become supported area related to the grow-
ing economic activities in Semarang. Therefore,
this location has a role as a hinterland connector
of Kedungsepur regional economic zone. As the
impact of regional economic development in the
zone, not only economic and business activities
which have been affected, but also the physical-
environmental process, especially in the coastal
area.

Sayung coastal area has flat-lowland topog-
raphy with the elevation of about 0-10 meters
above sea level. While the location has low eleva-
tion bordering the sea, sedimentation process is
taken place. Therefore, the alluvial sediment with
very fine texture can be found in the location.
Sediment materials especially come from Kend-
eng and Muria upper catchment area, which are
mountainous region located in the eastern part of
Demak. Erosional process comes from the moun-
tainous region resulted in the movement of the
soil material from the upper part to the lower
part of the region. This process is highly influ-
enced by the fluvial process comes from the river.

indonesia

Fig. 1. Map of the study area.
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In the study area, river which has major role on
the sediment distribution is Wulan River, located
in the North part of Sayung.

In the past, sedimentation becomes domi-
nant process in the study area, resulting in the
development of lowland area of Sayung. Unfor-
tunately, due to development of economic activi-
ties in Semarang, the dynamic process occurred
in Sayung changed pretty much. In 1987, devel-

opment of Tanjung Mas and Marina Bay started
in East part of Semarang. This condition result-
ed in bigger coastal erosion in Sayung. In 1998,
eleven years after the Bay was started, the impact
of coastal erosion began to destroy the fishpond
and inundated local settlement. Coastal erosion
was continuously getting bigger in 1999 and then
started to destroy the settlement. In 2000, 208
household was evacuated to the saver place be-

Shoreline

Tambaksari-Sayung Area

Fig. 2. Changes of shoreline due to the coastal erosion.
(a) Landsat images in 1994 shown that the area still united as the mainland. (b) Landsat images in 2006 shown the study location is separated
from the mainland.

T

Local community Settlements

Former ancestor cemetery

Mosque

Mangrove forest

Elevated road due to costal
erosion

Fig. 3. High resolution image shown Tambaksari-Sayung area as the small area left due to coastal erosion.
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cause the coastal erosion destroyed their house.
The coastal erosion was continuously destroying
the area, reached to the almost 5 km to the main-
land in 2005.

The changes of shoreline in Sayung area are
shown in Fig. 2. The figure showing comparation
of two landsat images which were taken in 1994
and 2006. Based on landsat images in 1994, the
study location still had wide enough land con-
necting the study area with the mainland. Com-
pletely different condition found in the landsat
image in 2006, in which the study location had
separated with the mainland. High resolution
image taken in 2011 has shown that there was
small area of about 3.64 hectares left as the result
of coastal erosion (Fig. 3). It also can been seen
in the images whenever several houses still ex-
ist in that area, in which local community choose
to stay and adapt instead of moving to the saver
places.

4.2. Impact of Coastal Erosion
to the Communities

Coastal erosion occurred in Sayung has dev-
astating impact towards local communities. It has
been mentioned that coastal erosion brought the

Eroded land alongside
the elevated road

losses of the settlement, resulting of hundreds of
household moved to the saver place. Besides of
the impact towards settlement, the coastal ero-
sion is also affecting the fishponds and infra-
structures on the surrounding area (Fig. 4). It can
be concluded that big economic losses is resulted
as the impact of the coastal erosion.

At the beginning, the mangrove did not grow
well in surrounding area due to human interven-
tion. As shown in Figure 5, the land use in the
study area is dominated by fishpond. This is re-
lated to the major occupancy of the local commu-
nities as fishermen or fishpond farmers. The fish-
ponds in the study area extend from shoreline to
the far away through the inland for about 5 km
away from the sea. The past condition of coastal
process, in which the shoreline was considered to
be stable, became well suited with the fishponds
farming in the area. Shifting of ocean current oc-
curred after the development of Semarang Bay
resulted in the enhancing coastal erosion process.
Because no mangrove protected the area, mas-
sive erosion in fishpond area was occurred. As
the result, most of the fishponds were destroyed
and some of the fishpond farmers loss their main
income.

Besides the fishpond farming area, the infra-
structure, such as school, public cemetery, and

Destroyed
electrical
network

Fig. 4. The impact of coastal erosion to the land use.
(a) damaged land around the elevated road due to coastal erosion. (b) destroyed electrical networks.
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Fig. 5. Fishpond in study area.

electricity service also affected. As one of the
result, the land value in Sayung is continuously
decreasing. Before the coastal erosion occurred,
the land value was about Rp 50,000 m= Due to
coastal erosion, the land value is decreasing to Rp
4,000 m=.

4.3. Adaptation Strategy of Local Community
of Sayung

While the Sayung local community has lim-
ited options in coping with coastal erosion, the
best option is to adapt with the changing en-
vironment. This condition found especially in
Tambaksari, as a part of Sayung abrasion-prone
area. Besides the coastal erosion, increasing tides
due to sea level rise also causing the area to be
inundated. Although several households have
been relocated by the local government, some of
them still live in this location. Therefore, for the
people choose to stay, specific adaptation strate-
gies must be implemented in order to survive.

Although the reason of why people still
choose to live in the vulnerable area is different
from one place to another place, local culture
is considered the major driven factor. It can be
found in Tambaksari area, in which preserving
ancestor legalities becomes the main reason of
why most inhabitants still live in the high vul-
nerable area. Most of the lands in Tambaksari
has been endowed by their successor from gen-
eration over generation for very long time. Be-
sides the limited knowledge on coastal erosion
and sea level rise of the local inhabitants, the

still trying to live in harmony with the changing
environment.

At present, the population lives in Tambaksa-
ri is 50 inhabitants which are settled in 6 houses.
Before the land of Tambaksari got separated with
the mainland, most of the inhabitants are just or-
dinary fishermen and fishponds farmers. Since
the coastal erosion continuously destroying the
land, four of them became male patriarch work-
ing as cemetery keeper for their former ancestor,
Syekh Mudzakir. As cemetery keeper, they work
everyday to elevate the cemetery to prevent it
from being hit by coastal erosion. Since they get
only small income for their job, they also contin-
ue their work as fishermen, but only once a while
whenever they need to fulfill their basic needs.
Their incomes come from the cemetery visitor do-
ing religious tourism. In addition to the patriarch
which has non-fixed income, only 3 inhabitants
of Tambaksari has fixed income from working in
the private company.

Spiritual-belief system to their former ances-
tor by the local community in Tambaksari-Sa-
yung is the major factor why the people in the
area choose to adapt with the coastal erosion. As
said in the interview conducted by this study,
they will stay there as long as the land still ex-
ists. Therefore, several adaptation strategies have
been developed by the inhabitants of Sayung. In
the late of 2005, mangrove started to be planted
in Tambaksari area with the financial support
of international non-governmental organization
(NGO). Further adaptation strategies then start-
ed to be developed in both environmental adap-
tation and social-economic adaptation.
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Fig. 6. Mangrove planted by local community of Tambak-
sari.

In adapting and reducing further impact of
the coastal erosion, mangrove was planted by the
local community of Sayung in December 2005. By
the support of NGO and local government, the
mangrove area increased. At present, mangrove
plantation is proved to give major beneficiaries to
the local community, especially with their func-
tion as protection barrier. The direct influence of
sea wave and wind is much lower compared to
the condition before, in which the mangrove was
not exists. Therefore, the local community has
high confidence with the mangrove plantation
for supporting their lives and activities in sus-
tainable manner (Fig. 6).

Mangrove ecosystem in Tambaksari area not
only acts as natural barrier protecting the com-
munity from the coastal erosion, but also sup-
ports economic activities of the inhabitants. At
present, mangrove ecosystem supports the food
supply of the local community due to its suita-
bility to grow fish, crab, and shrimp. Mangrove

Fig. 7. Animal found in the mangrove area.

ecosystem in Tambaksari area also naturally acts
as conservation area to the coastal animal. Some
animals can be found in the mangrove forest, for
especially birds and frogs (Fig. 7). This condition
is causing the tourism activities to taken place,
which generate new source of income for the in-
habitants.

Physical adaptation to the environment from
the local community has been found in various
ways. As mentioned before, they continuously
elevate the building due to increasing tides driv-
en by sea level rise, in which the increasing rate
is about 5 cm y~'. Moreover, with the fund given
by local government, they built staged house
in preventing damages of coastal inundation to
their house (Fig. 8). While the impact of coastal
inundation to the house is now can be minimized
by building staged house, the local inhabitants is
now can utilize electronic devices (ex: television,
refrigerator) with supports of the electricity in the
location. Since the fresh water is relatively rare

Fig. 8. (a) Staged house built by Tambaksari inhabitants, (b) elevated ground level to maintain the cemetery.
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in the area, they utilize deep groundwater taken
from the well, in which the depth of the well is
about 120 meters from the ground surface.

Social-economic adaptation also can be found
in the local community of Tambaksari. Altough
Tambaksari area now is separated to the main-
land, social interaction of the Tambaksari people
with larger communities of Sayung is still inten-
sive. This condition resulted due to close family
relationship between people in Tambaksari and
mainland Sayung area. Therefore, they still visit
each other especially when traditional ceremony
held.

Economic adaptation found especially with
the changing occupancy of people in Tambaksa-
ri. The past spiritual tourism in which the tourists
visit the cemetery of Syekh Mudzakir combined
with new mangrove tourism give new economic
prosperity to the local community. At present,
they sell food and souvenirs to the visitor coming
to their area. Moreover, some of them rent a boat
for the people who want to have a trip to see the
coastal-mangrove ecosystem from the sea.

5. Conclusions

The severe coastal erosion has been found
in Sayung coastal area. The coastal erosion has
reached up to 5 km from the sea, resulting very
devastating impact the local communities. As the
impact of the coastal erosion, destruction of set-
tlements, infrastructures, and fishponds has been
occurred. The impact of coastal erosion also af-
fected their socio-economic condition. Due to
coastal erosion, fishpond farming activities run-
ning by most of the local community also severely
damaged. Although, some of the Sayung inhabit-
ants have been moved to the saver place, people
live in Tambaksari rejected to be moved by local
government. To overcome the impact of coastal
erosion, local communities developed specific
adaptation strategies, both in the terms of physi-
cal adaptation and social-economic adaptation.
Physical adaptation by local community held by
planting mangrove in the shoreline of Tambak-
sari, elevating the ground level, building staged
house, using freshwater extracted from deep
well. Social-economic adaptation is held by keep-
ing social interaction with the larger communi-

ties in the mainland, gathering the food from the
mangrove, and turning job into tourism sector.
While the inhabitants live in very vulnerable area
affected by coastal erosion, the local community
of Tambaksari area has developed successful ad-
aptation strategies in coping with the coastal ero-
sion. Therefore, supports from the local govern-
ment and NGO in developing future mitigation
and adaptation strategies are required, especially
in the mangrove conservation and physical infra-
structure development.
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