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Abstract 

Sea level variation in the Java Sea and its impact on the coastal cities in the northem part of the Java Island are 
reviewed. lnfluenced by the re∞nt ENSO (El Nino Southem Oscillation) events from 1993 to 1999， the sea level rise 
rate of the Java Sea was higher than the global sea level rise rate. During the end of 1997 to 1998 of ENSO ye訂s，the 
sea level of the Java Sea recorded from tide gauges was the highest. The impact of Indonesian througflow within the 
M紘出sarStrait surface current on sea level characteristics ofthe Java Sea is also reviewed. 
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1. Introduction 

The northern coast of the Java Island， which has been already vulnerable to the disasters 1ike 
flooding and inundation due to the northwest monsoon has been threatened by the phenomena of the 

sea level rise. The northern part of Jakarta is bui1t in the low land area which is widely spread仕om
the coastal line to several kilometers， and used for the industrial and urban areas. The low land of 
Jakarta city is仕equentlyflooded during the peak of northwest monsoon仕omDecember to February 

not only by the tidal effects but also by the river water from the highland at the south (Nur et. al.， 
2001). As far as the elevation is concerned Semarang City has different characteristic from Jakarta 
City. Land elevation of the central area of Semarang City is lower than the mean sea level. And as 
the consequences the wet land is created by seawater penetration in the central area of Semarang. 

The sea level rise is the critical phenomenon for the Semarang City. It is predicted th剖 morethan 
quarter ofthe city will be inundated ifthe sea level rises around 1 meter (Arbiyakto， 2002). Surabaya 
City is the second biggest city in Indonesia next to Jakarta. The coastal areas of Surabaya are located 
in the north and east. Some coastal areas near the port of Surabaya are used for the industrial and 
residential areas. Nowadays there is a trend to convert the cu1tivated fish field to the housing areas 
because the demand of housing in Surabaya was rising. New housing areas will be inundated if the 

sea level rise' around 1 meter (Wuryanti， 2002， Research Institute for Human Settlements Final 
Reports， 2001). 

2. EI Nino Southern Oscillation and sea level change 

El Nino Southem Oscillation (ENSO) is the most prominent interannual climate variability in the 

world climate. It is well known that ENSO is associated with devastating droughts over the western 
tropical Pacific， torrential floods around the eastern甘opicalPacific， and unusual weather pa悦 m
over the world (Nkendir加， 2000).
Interannual variation of sea level along the northern coast of Java Island and Indonesian seas is 
dominant factor of the long tenn trends. During the past decades the ENSO from 1997 to 1998 was 
the biggest， and made severe drought in Indonesia and the flooding in Bangladesh during the 
southeast monsoon in 1997 (Kumar et al.， 1999). ENSO・inducedsea level changes also is the most 
important component in the Java Sea (Sofian and Kozai， 2004). 
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A large scale weakening of the trade winds and warming of the surface layers in the eastern and 
central equatorial Pacific Ocean characterizes El Nifio. El Nifio events occur irregularly at intervals 
of 2 to 7 years， although the average is about once every 3 to 4 years (McPhaden， 1993). And during 
the strong 1997 to 1998 ENSO years particularly during the northwest monsoon， Indonesia had 
severe drought (Kumar et al.， 1999). 
The Southem Oscillation (SO) is a planetaη， scale phenomenon involving a negative correlation 
between sur白cepressure over !ndonesia and surface pressure over the southeastem Pacjfic. It Is 
related to fluctuations in the intensity and position of the Walker circulation， an east-west cell with 
its upward branch near lndonesia and downward branch over the tropical eastem Pacific. According 
to the definition of CDC (C1imate Diagnostics Center) NOAA， the Southern Osci1lation lndex (SOI) 
is defined as the normalized difference in surface pressure between Tahiti， French Polynesia and 
Darwin， Australia. This is a measure of the strength of the trade winds， which have a component of 
tlow from regions of high to low pressure. High SOI (large pressure difference) is associated with 
stronger trade winds and La Ni白aconditions， and low SOI (smaller pressure difference) is associated 
with weaker trade winds and El Nino conditions. SOi ranging from + 1 standard deviation to -1 
standard deviation is defined as normal years. Higher negative value indicates a warm event (ENSO) 
and higher positive value indicates a cold event (La Nifia) (Nkendirim. 2000). 
Centre of the ENSO problem is the evolution of near-equatorial sea surface temperature (Harrison， 
1990). In western Pacific wann pool is migrated eastward with the collapse of the trade winds 
(McPhaden， 1999). Based on the higher correlation between SST and sea level and between SOI and 
sea level Nerem and Mitchum (2001) developed simulated long term series of global mean sea level 
variations. A large increase in global mean SST was observed since 1982， and the largest changing 
occurred during the ENSO event仕om1997 to 1998 that was changed about 0.350C (Nerem， 1999， 
Nerem and Mitchum.， 2001). Singh (2001) calculated the correlation between SOI and sea level for 
predicting the sea level one month in advance during the southeast monsoon. Also Singh (2001) 
found time lag COJγelation between SOK and the sea level. Singh (2001) also investigated cause effec 
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detennine both the dominant space， one is able to detennine both the dominant in time. As 
discussed by Kaiser (1994)， the .WFT (Windowed Fourier Transfonn) represents an inaccurate 

and inefficient method of time-frequency localization， as it imposes a scale or“response 
interval" T (time) into the analysis. The inaccuracy arises仕omthe aliasing of high and low-

合equencycomponents that do not fall within the frequency range of the window. The' wavelet 
transfonn can be used to analyze time series that contains nonstationary power at many different 
frequencies. Time series in geophysics exhibit nonstationarity in their statistics. While the series 

may contain dominant periodic signals， these signals can vary in both amplitude and frequency over 
long periods of time. Torrence and Compo (1999) applied wavelet analysis to obtain the ENSO 
impact on the NIN03 SST characteristics. Wave1et analysis was also used on NIN03 (the seasonal 
SST averaged over the central Pacific 50S-50N， 900- 1500W) SST and monsoon indexes 
(Torrence and Webster， 1999). And Wang et al. (1999) app1ied wavelet analysis on the sea level 
anomalies of South China Seぉ.

3. Satellite altimeter observation for sea level changes 

Over the last century long term sea level change has been estimated from tide gauge 
measurements， but the tide gauge has been two disadvantages comparing with the satellite altimeter 
data. The first is sea tide gauge drift and the second is the limitation of spatial distribution and poor 
spatial sampling of open ocean (Nerem and Mitchum， 2001). Nerem (1999) argued th剖 combination
between TOPEXlPoseidon (T IP) and tide gauges could achieve. be口eraccuracy to distinguish the sea 
level rise caused by c1imatic changes than tide gauges alone. 
Based on the higher correlation between SST and sea level and between SOI and sea level Nerem 
(1999) developed simulated long term series of global mean sea level variations. Also Nerem (2001) 
explained that SST and sea level have several time lags during 1997 to 1998 ENSO events‘ 
suggesting that the temperaωre in the subsur白cereturned to the nonnal before the surface 
temperature. 
During 1993 to 1998 high sea level rise reported in the several locations. Using ERS and T/P 
(TOPEXlPoseidon) altimeter data Cazanave et al. (2002) reported th剖 sealevel rise within the 
Mediterranean Sea was 7土 1.5mm/year， and 27土 2.5mm/year over the Black Sea. Emil and 
Penev.a (2002) also reported that sea level trend of the Black Sea during 1993 to 1998 was 12 cm. 
The impact of ENSO on the high sea level trends in the Java Sea was 10 to 12 mm/year was 
recorded between 1993 to 1999 (Sofian and Kozai， 2004). Wang et al. (1999) using TIP and ERS 
from 1992 to 1997 found that the annual rising rate in the Yellow Sea， the East Sea and the South 
China Sea is + 3.44土 0.61mmlyr， +3.12土 0.47mmlyr， and -1.41土 0.48mm/yr， respectively. 
During the same period Nerem (1999) used the T/P a]timeter data and reported that global mean sea 
level rate was 2.5 :f:: 1.3 mmlyear. 

4. Sea level changes and their connection with Makassar Strait 

The Indonesian Seas consists of very deep basins in the east and the shallow Java Sea in the 
westem part. The Java Sea is a shallow body of sea and has average depths of around 40 to 50 
meters. It connects to the Sulawesi Sea to the northeast by the Makassar Strait， adjoins the Flores 
Sea to the east， connects to the South China Sea to the northeast via Karimata Strait， and Ka1imantan 
to the north. 
Fig.l displays Indonesian Seas inc1uding the Java Sea. The largest and the deepest is the Banda 
Sea which has depths in excess of 4500 m in the southeast (also known as the South Banda Sea) and 
in the northwest (the North Banda Sea)， separated by a ridge of less than 3000 m depth; largest 
depths are near 7440 m in the south and 5800 m in the north. The Sulawesi Sea (fonnerly known as 
the Celebes Sea) is a single basin of similar size deeper than 5000 m over most of its area. Between 
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these two m吋orbasins are three basins deeper than 3000 m， the Molucca， Halmahera， and Seram 
Seas， the latter being deeper than 5300 m. North of the Sulawesi Sea and enclosed by the islands 'Of 
the Philippines is the Sulu Sea， which has depths in excess of 4500 m. The Flores Sea is located in 
the south， connecting the Banda Sea with the shalIow Java Sea and reaching nearly 6400 m in a deep 
depression. The Sawu Sea， which reaches nearly 3500 m depth， is the s'Outhemmost basin between 
Timor， Sumba， and Flores. Another important topographic feature is Makassar Strait between the 
SuJawesi and Java Seas. Makassar strait is shallow in the west but over 2000 m deep in the east 
where it is connected with'Out obstruction to the Su]awesi Sea in the north (Tomczak， 2001). 
The cJimate of the Indonesian Sea is characterized by mons'Oonal winds and high rainfall. Winds 

blow from the northwest during November to March， and reach t'O peak in January to february. High 
rainfaJl is occurred in the Java Island during this which sometimes caused f100ding in the several 
locations in the northem part of Java lIsland. Winds blow合omthe southeast during May to 

September， and wind direction nearly opposite t'O the northwest monsoon. Dry season occurs in the 
most part of Java Island. 
Past observati'Ons show that the water c'Omp'Osing 'Of the Indonesian throughf1ow is derived分om
the North Pacific therm'Ocline， though at greater depth it is directly drawn合'Omthe lndian Ocean 
(Gordon and fine， 1996). Dunng the n'Orthwest m'Ons'Oon fr'Om January t'O March， the Java Sea low-
salinity surface water shi仇sinto the southem Makassar StraIt. During the southeast mons'Oon，合om
July to September， the southem Makassar Strait surface layer is more sa1ine and less bu'Oyant， as the 
southeast monsoon winds retum the low-salinity water into the Java Sea. The buoyant surface water 
of the southern Makassar Strait inhibits southward transp'Ort within the surface layer during the 
northwest monsoon， despite southward wind within the Strait， l'Owering the temperature of the 
lndonesian Throughf1ow (Gordon et a/.， 2003). The l'Ow surface salinities of the Java and South 
China Seas are due to heavy precipitati'On and large river runoff fr'Om Southeast Asia. During the 
northwest monsoon， the eastward zonal wind expe]s the low saJinity， buoyant water of the shallow 
Java Sea int'O the surface layer 'Of the southem Makassar Strait. During the southeast monsoon， more 
saline of the Flores an 
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Connected with the monsoon period， sea level anomaly (SLA) of the Java Sea is low仕om
September or October when the northwest monsoon begins to blow， and increasing to the highest in 
December. Then SLA decreases to the lowest in the middle of northwest monsoon (合omJanuary to 
February)， and increases to the highest in the end of northwest monsoon (April)(Sofian and Kozai， 
2003b). 
Southward water transport within Makassar Strait shows high correlation with the temperature 
(averaged between 150 db and 400 db). During high (low) tempera旬re，thevolume transport is also 
high (low) (Ffield et al.， 2000). Gordon， et al. showed the result from the measurement using MAK-
1 and MAK・2moorings that the largest volume仕組sportwas occurred during the La Nina period， 
and getting smaller during the El Nino period. The direct measurements企omMAK-l and MAK・2
moorings were 12.5 Sv during the La Nina months of December 1996 through February 1997， and 
5.1 Sv during EI Nino months ofDecember 1997 through February 1998 (Gordon et al.， 1999). 
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