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Geospatial analysis of sea level rise in small island, Karimunjawa, 
Indonesia

Mulyadi Alwi

Faculty of Geography, Universitas Gadjah Mada, Indonesia

Purpose and Background
Many parties have expressed concern about climate change (Miller, 2020). This is due to the direct and 

indirect impacts caused by climate change in several regions of the world. One of the obvious impacts is sea 
level rise. Based on satellite altimetry data (2023), global average sea level is increasing at a rate of 3.56 mm 
per year. Lately, this phenomenon has had an impact on several regions in Indonesia, especially in coastal areas. 
For example, a mosque in Jakarta, settlements in West Java, and a school in Central Java were all submerged 
(Fig. 1).

Fig. 1 a Mosque; b settlements; and c school in northern Java. Sources: Trans7 Official (2019); Watchdoc (2021). 

In addition, there are around 17,000 islands in Indonesia, and many of them are classified as small 
islands because their area is less than 2,000 square kilometers (Mutaqin et al., 2022). Some of these islands 
are important for regional development, for example Cemara Besar is important for tourism in Karimunjawa 
because it has become a local and international tourist destination. Furthermore, this island has been a national 
park since 1999. Therefore, multi-hazard mapping to identify the derivative effects of climate change and sea 
level rise is important as part of coastal management. 

Materials and Methods
The Coastal Hazard Wheel (CHW) method is used in this study, along with several parameters such 

as geological layout, wave exposure, tidal range, flora/fauna, sediment balance, and storm climate (Appelquist 
et al., 2016). UAV data and georeferenced points are used as input data to produce the DEM and orthoimages. 
The orthoimages are then processed using ArcGIS software to generate shoreline data. Following that, the 
shoreline data is divided into segments with a maximum length of 200 m. Afterwards, each segment is filled 
with parameter data. The geological layout data comes from the DEM, while the rest comes from CHW 
classification system. All the parameter information of each segment is then compared to the CHW to identify 
multi-hazard classes and suitable measures.

Results and Discussion
The results consist of five maps, including ecosystem disruption (Fig. 2a), gradual inundation (Fig. 

2b), salt water intrusion (Fig. 2c), erosion (Fig. 2d), and flooding (Fig. 2e). The maps show that all of the 
coasts in Cemara Besar have a very high level of ecosystem disruption, salt water intrusion, and flooding 
hazards, while there are two levels for gradual inundation and erosion that are high and very high. The high 
level is located in the northern and eastern parts of Cemara Besar because these areas are relatively protected. 
Later, the high and very high levels of each hazard indicate that these areas need several kinds of suitable 
measures. According to Appelquist et al., (2016), there are several measures suitable for this level of ecosystem 
disruption, i.e. coastal zoning, ecosystem based management, groundwater management, and wetland 
restoration. For gradual inundation, those are beach nourishment, coastal setbacks, coastal zoning, dikes, 
flooding proofing, managed realignment, and wetland restoration. Later, for salt water intrusion, those are 
coastal zoning, dikes, groundwater management, and wetland restoration. Also, for erosion, there are beach 
nourishment, breakwaters, coastal setbacks, coastal zoning, groynes, managed realignment, revetments, sea 
walls, and wetland restoration. Finally, for flooding, there are coastal setbacks, coastal zoning, dikes, flood 
mapping, flood proofing, flood shelters, flood warning systems, managed realignment, tsunami warning 
system, and wetland restoration. 

a b c
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Fig. 2 Multi-hazard maps of Cemara Besar island: a ecosystem disruption; b gradual inundation; c salt water 
intrusion; d erosion; and e flooding. 
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