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PREFACE

This Proceedings is a collection of workshop of In situ/satellite sea level

measurement have done in Delamer Hotel, Puncak, Indonesia on November 10-12,

2010. A task as this would have been impossible without the untiring effort of Ms

Aninda, Fina, Hanum, Mr Riza and Windra. Many people have also involved. Our

thanks to all of them.

Editorial

(Dr. Jonson Lumban Gaol)
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SEA LEVEL RISE TREND AND ITS IMPACT ON THE COASTAL AREA OF BANGKALAN
DISTRIC, MADURA

Achmad Fachruddin Syah
Lecturer of Department Marine Sciences University Trunojoyo

E-mail:fahrudin_unijoyo@yahoo.com

Abstract

Every change in the earth's surface such as climate change will have an impact on
human survival. Study which is currently mostly done related to the global warming
issue is the sea level rise (SLR). Assessment of SLR and its impact on coastal region has
an important role. This is because of a lot of number of people who live and take
advantages of the coastal region. Bangkalan District is one district that most of its
territory lies on the coast directly opposite the waters. With a thin mangrove forest
condition, land slope, elevation from sea level is low and the activities that can
reduce the resilience of coastal inundation will affect the sea water both in the land
and that happened outside the coastline. It will certainly affect the quality of life for
coastal communities in Bangkalan.

Key words: global warming, rising sea level, impact, coastal

1. INTRODUCTION

1.2 Background
The increasing of sea level as the effects of global warming is one of the biggest
challenges to be faced in environmental issues for the long term. Some of the issues
mentioned that there has been a significant increasing of sea level. The study
impact of sea level rise is an important to know the impacts especially in areas
directly adjacent to the sea.

The level of damage caused in each area may be different depending on the
carrying capacity of the area or the capacity of coastal and marine ecosystems.
This difference is because of an addition to agro-ecological conditions between
different islands so that use of different coastal areas, as well as the implementation
of policies and the concentration of development in each region is very diverse.

Bangkalan District is one district that most of its territory located in the coastal region
of East Java, is assumed as one area that receive the impact of SLR. It is because of
that there are several areas that directly deal with the waters, low altitude and at
least a layer of natural protective coastal mangroves.

1.2 Objective

The objective of study is to monitor the SLR trend from satellite Figurery as well as
from the data in situ, and to assess the impact and vulnerability of coastal areas due
to SLR.



2. DATA

Data used in this study is the sea surface high anomaly satellite altimeter from the
year 1993-2009 derived from the database University of Colorado, USA. We use DEM
ASTER data to produce coastal slope map. We use Global Mapper software for
processing ASTER DEM data and for analyzing the coastal inundation areas due to
SLR using ArcGIS software. Field study conducted to analysis of coastal condition
such land use, coastal erosions, and others.

3. RESULTS AND DISCUSSION

3.1 General Condition of Bangkalan District

One district that has a region located in coastal areas is Bangkalan District of
Madura Island. Bangkalan Regency is geographically located between 112º 40'06 "-
113 ° 08'04" east longitude and 6 º 51'39 "-7 º 11'39" south latitude with an area of
1260.24 km2.(Figure 1). With an area of the state of local topography consists of
gently sloping area of 68,454 ha (54.25%), choppy areas covering 45,236 ha
(35.85%), corrugated area covering 11,773 ha (9.33%) and hilly areas covering 719
ha ( 0.57%). Administratively Bangkalan district bordering are: (1) North side: Java
Sea, (2) East: Sampang Regency, (3) te South: Madura Strait (Surabaya), and (4)
West: Madura Strait.

Figure 1. Coastal District of Bangkalan

Bangkalan District consists of 18 districts, divided in to over 273 villages and 8 wards.
Based on the state of topography, the area of Bangkalan located at an altitude
200-100 m above sea level. By looking at high value of sea surface, high impact
directly face the sea water is expected to affect the low-lying area which is located
in coastal areas.
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Areas in the District of Bangkalan located in coastal areas such as Sub Sepulu,
Bangkalan, Socah, Kamal, Modung, Kwanyar, Arosbaya, Klampis, Tanjung Bumi, and
Labang have a height between 20-10 m above sea level. While the region that is
located in the middle has a height of between 19-100 m above sea level, the
highest is Geger district with an altitude of 100 m above sea level.

In the Spatial Plan Document 2007, Bangkalan regionally is one of regencies in East
Java province which has a relative rapid growth rate, both in the agriculture sector,
plantation, animal husbandry, trading and services and industry sectors where it has
been triggered the land changes and developments that affect the conditions of
cultivation areas and protected areas. Bordering areas Bangkalan capital of East
Java Province is predicted to grow rapidly as the impact of the Bridge construction,
especially the southern coastal region of Bangkalan. Livelihoods of residents on the
southern coast are largely aquaculture sector, agriculture, plantations, livestock,
trade, services and industrial activities.

The total area of sub-districts located in coastal areas of Bangkalan is around 9,431
km2 with an average population density 1,047 inhabitants per km2. While the number
and density of population in coastal areas Bangkalan can be seen in Table 1.

Table 1. Number and Density Population of Bangkalan Coastal

No Sub-district Population
(Life)

Area (km2) Density per
km2

1 Kamal 48101 41,4 1161

2 Labang 37159 35,23 1054

3 Kwanyar 46699 47,81 976

4 Modung 50415 78,79 639

5 Socah 58328 53,82 1083

6 Bangkalan 72914 35,01 2082

7 Arosbaya 43241 42,46 1018

8 Sepulu 45226 73,25 617

9 Klampis 53428 67,10 796

Source: Bangkalan in Figures 2008

Based on Table 1, can be seen that the level of population density in coastal areas
of Bangkalan is quite high, especially in Sub Bangkalan which serves as a center of
government and also Kamal as the central port district and transportation.

The ability of land in the District Bangkalan when it is viewed from the slope is then
much has the value of the slope of 2-15% which is about 50,45% or 63,002 Ha, and
slope of 0-2%, approximately 45,43% or 56,738 Ha. When it is viewed from the soil
texture then most textured medium that is an area of 116,267 Ha or about 93.10%
while the depth of the soil spektip the largest percentage of land  90 cm depth is
about 64,131 hectares or 51.35%.

Average rainfall in the District Bangkalan in 2007 of 5,35 mm, much larger than in
2006 which reached 2,281, a rise of 57.36 percent. In the same period the average
number of rainy days per year also increased ie from 127 days in 2006 to 183 days in
2007. Thus the increased rainfall along with the increasing number of rainy days.



Potential Fisheries Sector

Fishery potential of both sea and land in the District Bangkalan is very big because it
has a wide sea area. It is also supported by centers of fishing (fishermen) and
aquaculture are scattered along the shoreline Bangkalan. Marine fishery products
are the mainstay of Bangkalan: Shrimp, Squid, Tuna, Layang Fish, Snapper, Crab and
Ray. While the aquaculture products are: Mas Fish, Tilapiar, Milkfish, Tawes and
Windu Shrimp. Overlooks the sea and shore fisheries are good opportunities for
investment and trade. Because of the availability of a continuous supply throughout
the year according to the season. The main location of fisheries are: District of
Klampis, Sepulu, Bangkalan, Kwanyar.

The area of land aquaculture owned by Bangkalan is about 2.327 Ha. Aquaculture is
as a whole of District Bangkalan covers 2.210 Ha pond area, pond area of 2 Ha, and
wetland pond area of 115 Ha. Brackish pond fish production averaged 1.529,2 tons
per year, as much as 7.76 tonnes of fisheries ponds and public fishing waters fisheries
production of 133.50 tons per year. Marine fisheries as a whole in the District
Bangkalan reach 23,204.10 tons per year with the largest production of marine
fisheries is the District Klampis (3,619.80 tons) and Bangkalan (3,062.90 tons) while the
lowest is in District Kamal (92.80 tons). Production of fish in public waters average of
133.50 tons per year with the largest production in Sub Bangkalan (34.30 tons) while
the lowest is located in District Kwanyar, Modung and District Klampis with the same
fish production of 4,30 tons.

Height of Sea Level

During 2007 the entire area of Bangkalan that experiencing periodic inundation and
always get flooded covering approximately 5.38% (Table 2). Inundation that
occurred caused the rising tide of sea water and river water overflow due to heavy
rainfall. Based on discussions with one of the officials of the Department of Marine
and Fisheries Bangkalan, when the high tide and heavy rains occur simultaneously
then the pool becomes more widespread and reflux time becomes longer. There's
even one of the areas in which adequate Bangkalan often experience rob.

Table 2. Coastal inundation

No Pool Area (ha) %

1 Never get flooded 118170 94,62

2 Periodically get flooded 2082 1,67

3 Flooded continuously 4636 3,71

Source: Bangkalan in Figures 2008

Generally, area located in coastal almost in bordering areas the coastline. This
conditions indicate that the tidal influence on coastal areas is quite dominant. One
possible cause is the coastal region is an area of sloping and partly territory under
the highest tide point.

To know the development of future inundation areas is used sea surface height
anomaly (SSH) data derived from satellite from 1993 - 2009. SSH anomaly data at
Western Madura Strait from 1993 to 2009 shown in Figure 2. The Sea level trend
around Madura Strait is 3.4 mm /year.
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SLR = 3.4 mm/yeary = 0.0208x - 4.092
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Figure 2. SLR trend in Western Madura Strait (1993-2009)

Based on the trend of SLR, the simulation was made coastal inundation due to SLR
20 and 50 years later. The simulation results coastal inundation due to SLR 20 years
later shown in Figure 3. The results showed that 20 years later is predicted will occur
inundation area about 188.84 ha.

Figure 3. Simulation of Inundation in East Java and West Madura 20 years later

Figure 3 shows that the territories in Bangkalan the first time will inundated compare
to Districts Kamal, Socah, Bangkalan and Klampis. It is possible to happen, given the
four districts are located in coastal areas that deal directly with the waters and also
the many activities undertaken by the society in areas such as aquaculture,
agriculture, plantations, livestock, trade, services and industrial activities which can
increase susceptibility to the occurrence of inundation. The following pictures shown



the location in the district Socah and Kamal are predicted to experience inundation
of sea water.

Figure 4. Coastal area in District of Kamal
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Figure 5. Locations in District of Socah

Based on Figure 4 and Figure 5 above can be found that in coastal areas Socah
District and Kamal, the condition of mangroves as a natural protective beach is very
thin. This certainly slow the sea will cause abrasion that occurs will be more severe so
that the mainland will be increasingly eroded by sea water. It can not be avoided
that the existing roads along the coast, ponds, residential and other facilities and
infrastructure will also be eroded by sea water which will eventually be getting
damaged.

However, on the other side, especially in a densely populated area that is very close
to the beach, seawall built a wall and a portion of the stacked stone construction.
This aims are to prevent erosion and rising sea water onto land in order to protect
the existing facilities and infrastructure on land. The examples of revetment have
been built can be seen in Figure 6.

Figure 6. Locations in District of Labang



Coastal inundation for 50 years later due to SLR is shown in Figure 7. Predicted total
land inundation is 953.04 ha. Based on the figure 7, there is some sub-district suffer
such as Kwanyar, Arosbaya, and Seppuku District. It is also very possible to happen
considering the 3 sub-district also have many activities undertaken by the coastal
communities that can increase vulnerability to the high level of sea water looks like
ponds, gently sloping ground and thin as a protective coastal mangroves in the
region.

Figure 7. Simulation of Inundation in East Java and West Madura 50 years later

The larger range is certainly make inundation will increasingly and the land affected
by the greater influence. It is predicted to increasingly add inundation. The
settlements, roads and facilities that exist in the surrounding working paper that will
be damaged due to eroded by the existence of a pool of water.

Shoreline changes are also expected to lead to the increasing indundation of sea
water to land. Shoreline changes can occur by various causes, including erosion
and sedimentation caused by currents, winds, waves, and tides. Although it is not
very significant, there has been erosion, especially in Kamal harbor areas and
around Suramadu. Based on the calculation and analysis of refraction, field
observations, analysis of Landsat Figures, and the results of analysis of shoreline
change, allegedly the main cause of erosion is the transformation of waves due to
changes in shoreline contour bathimetery parallel, especially in environments with
low bearing capacity due to damage to natural protective, thickness of the
depletion of mangrove plants (Aries, 2010). The thickness of the mangrove plants
correlated to the stability of the shoreline (Pratiwi, 2002).
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Figure 8. Locations in District of Klampis

Weighing pressure exploitation of coastal resources and rapid rate of pollution,
gradually influenced by the input of domestic waste or from the local population
and industry, resulting in decreased physical quality of aquatic environment and
ecosystem productivity can go down to the lowest point. Impacts that may arise are
the decline of social-economic conditions of local communities which rely on
natural resources in the surrounding of waters.

There are several aspects or variables that will be affected by the inundation. On
the physical aspect of variable environmental conditions strongly influenced by the
settlement of flood inundation, namely the condition of roads, drainage conditions,
water conditions, physical condition of buildings, and health conditions. In social
aspect, variable environmental conditions are strongly influenced by settlement
floodwaters, namely the condition of comfort, while the economic aspect, variable
environmental conditions are strongly influenced by settlement floodwaters, namely
the condition of the home improvement spending, state spending on health, the



condition of the public revenue. In general, the above conditions given can be
seen that flooding due to tidal inundation of sea water provides a significant
negative impact on the physical aspects of the residential environment. It impact
causes to the existing environmental quality decreases.

CONCLUSION

One of result that is important to be observed as the effects of global warming is the
occurrence of sea level rise. This situation will certainly affect the activity of residing
in coastal areas. Associated with coastal areas in Bangkalan, sea level rise will add
to the area of sea water inundation that occurr in the land area that occur outside
of the coastline. This occurrence due to the vulnerability of coastal areas on the
activities of undertaken and man-existing natural conditions in these coastal areas.
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