	Chapter 7

	Conclusion and Recommendation


The thesis describes the results of the research of the possible impact of sea level rise and land subsidence in Semarang. To find out what will be the impact of those two causes, several input data have been collected and determined over time. Firstly, the information on the physical coastal environmental condition in Semarang comes from field work activities and reports from government institutions and universities in Indonesia. Secondly, information on sea level rise and land subsidence has been compiled from reports and field work activities. The series of data have then been analyzed in a GIS. This has resulted in scenarios of sea level rise and land subsidence for the area. 

Thirdly, the land use data of Semarang has been derived from the satellite images. Two types satellite images were evaluated, the Landsat-7 ETM+ and the ASTER. However, the ASTER image contains a lot of cloud cover, and does not cover  the whole research area. Image fusion techniques using statistical/numerical method was found to be suitable for fused the panchromatic band and visible bands of Landsat-7. There reason for this is that the technique can make use high spatial resolution of panchromatic band (15 m) while still preserving the physical relationship with the ground object. Supervised classification has been  employed to classify the images. Eight land use classes have been defined: agriculture field, bare land, dry-land farming, forest, fishpond, industrial area, plantation, and residential area (urban area). The overall accuracy of the classification is 78.38%, with Khat statistic 0.899.

The next steps was the  creation of  a DTM, which has been a vital information for this study. The DTM is used as an input in the spatial analysis process to find out the possible impact of sea level rise and land subsidence in Semarang. Therefore, the accuracy of this study strongly depends on the accuracy of the DTM as the major input data (chapter 5). Attention has also been paid to focused in land use and people that are affected. The conclusions of this thesis are structured according to the four research questions described in section 1.4.

	7.1. Physical Coastal Environmental Condition


·     It is found that the coastal zone of Semarang is suffering  from the following natural hazards: river and high tide flooding, land subsidence, sea water intrusion, and a relative sea level rise.

·     The swamp areas has been reduced by 1.84 km2 during 10 years from 1981 to 1991 (OME, 1995). This reduction is attributed to the development of residential and industrial areas. Until 2005 the conversion may still happen, the local government still plans to use fishpond and mangrove areas for industrial estate (Bappeda, 2000).

·     The five main rivers in Semarang have a high rate of sedimentation, which makes the active river channel narrower (Bappeda, 2000). This leads to enhanced river flooding. The rivers are also used as a dump site, which in turn reduced the quality of the environment, and obstruct the water to flow into the sea.

	7.2. Sea Level Rise and Land Subsidence in Semarang


·     There is a general agreement among the scientist that there is ample evidence for the phenomena of global sea level rise. The rate of the global sea level rise is between 1 to 2 mm/yr (IPCC, 2001). 

·     Sea level rise has a clear impact to the coastal zone, and therefore an anticipation scheme should be prepared by authorities ranging from international to national, and even to local level. Preparation will be more successful if there is more accurate and reliable information available.

·     Analysis from recent tidal data from the year of 1998 to 2000 in Semarang reveal that there has been a variation in sea level. The variation is  21.63 cm in two years, which is exceeding the global sea level rise scenarios, thus local vertical land movement is acting here. It is proved by the fact that the surrounding area of tide gauge station have been subsided. With this situation, a trend of sea level rise can not be constructed. To provide a basis for further processing, the regional sea level rise scenarios provided by a research project sponsored by ADB (1994) is used.

·     Land subsidence in Semarang is caused by natural processes which is enhanced by human activities. The  natural process is the compaction of clayey layers. The clay layer is compacted due the pressure of its own weight and by groundwater extraction. Extensive use of groundwater in Semarang since 1994, especially in industrial area, has accelerated the total subsidence. The groundwater discharge and the run off of the river water have also been changed by the changing nature of the recharge basin.

·     There are a spatial differences in the rate of the land subsidence (section 3.2.2). These are related to the heterogeneity of the subsoil and the location of the groundwater extraction wells.

·     A “Rate of subsidence map” has been created using information about subsidence obtained from leveling measurements (Basuki, 2000; Tigor, et.al., 1999). The maximum rate of subsidence is 11.5 cm/yr. Though this value seems high, but it is still a moderate estimation compared to other researches (Tigor, et.al, 1999; BGS, 1998). 

	7.3. Digital Terrain Model of Semarang


·     Two sources of DTM data were available at the beginning  of the study. The first DTM has been derived  InSAR data (section 5.4.1). The second DTM has been derived from photogrammetric technique (section 5.4.2.). After careful inspection, the InSAR DTM has rejected because of its large errors. The InSAR DTM contains high positive values over the ocean, as well as negative values over the land. It looks like an  ‘un-explained error’, which come from both systematic and non-systematic error. It is our observation that this data set should not be used.

·     The Photogrammetric DTM has been found to be accurate enough to be used. The inverse distance interpolation technique has been used to create the DTM of  Semarang. The pixel size of the DTM is 15 m, as the spatial resolution of the satellite image (panchromatic band of Landsat-7 and visible band of ASTER). 

·     The DTM was then checked using points obtained from GPS measurements in September 2001. In total 52 GPS points were used. The accuracy of the GPS points have been checked using a leveling network. This has show an average difference of 20 cm. Finally, the average difference between the DTM and GPS points is 35  cm. It is concluded that the accuracy of the DTM, less than 0.5 m,  is sufficient for this stage of the study. However, for the envisaged follow up research by ITC and Indonesian partner institutions, more accurate and up-to-date DTM should be generated. Such a DTM should have an accuracy of the height component in the order of at least 15 cm.

	7.4. Impact of Land Subsidence and Sea Level Rise in Semarang


·     The predicted future sea levels have been calculated using the following assumptions: the rate of subsidence is linear, and the sea level scenarios follow the medium estimates of ADB (1994).

·      In the present situation, there are 1,260 ha land situated below 0.5 m. There are also more than 3,500 ha and 7,300 ha of land situated in an area below 1.0 m and 2.5 m respectively.

·     It is found that in the year of 2010 there will be area situated below sea level, 1,270 ha. In 19 and 69 years, the area situated below sea level will increase substantially by 81 % and 340 %, respectively. These increase will cover covers area up to 2,302 ha and 5,597 ha, respectively.

·     The areas situated below sea level described before, cover  the most important part for economic activities of the city.

·     In the present situation, there are more than 8,000 people living in areas situated at an elevation lower than 0.5 m. More than 62,000 people are presently living in an area situated at an elevation between 0.5 – 1.0 m.

·     Considering that the population and urban areas will growth, and the facts that there is no action taken to solve the problem, then the situation in Semarang is predicted to be worse.

	7.4. Recommendation


·     There is a need for better planning tools that enable local authorities to cope with the impact of the evolving process of the land subsidence and sea level rise.

·     More accurate and up-to-date elevation data of the Semarang area is needed to make more accurate assessment of the impact of  land subsidence and sea level rise on land use and population of the city of Semarang. 

·     Important sources of high accuracy spatial information on terrain elevation and the state of the urban coastal environment are remote sensing techniques, such as airborne laser scanning, and high resolution multi spectral satellite images such as IKONOS and ASTER.

·     A research proposal that aims to provide a spatial planning support system for the city of Semarang under the scenarios of sea level rise and land subsidence is currently being prepared in ITC. This study has triggered the ongoing research initiative and has identified a number of gaps of necessary tools, information, and basic data sets. A summary of the research proposal has been included in this report (see appendix 3). The general idea of the proposed research is that a number of ca. 5 earth scientific studies will be executed using modern geo-information techniques to underpin planning support study. The letter will be executed in close cooperation with the local community of Semarang.

·     Before starting a new research project, as being prepared, it can already be stated that the issues of land subsidence and sea level rise should be taken into serious consideration. The government should limit the groundwater extraction to a reasonable extend, to reduce the rate of subsidence. Land use conversion should also be regulated, so that a sustainable environmental balance is maintained.

