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Climate change, with its associated rising sea level and possible increases in the frequency
and/or intensity of storms and changes in wave climate, can be expected to significantly increase
the risk of coastal erosion and flooding in most coastal locations, especially in low-lying areas.
Bali Province is a well-known tourist destination dependent on sun-and-beach recreation activities.
However, about 86 km or 20% of the length of the existing beaches has been eroded, and
environmental degradation has occurred due to natural factors and human activities. As a natural
coastal defense system, beaches are important in reducing coastal erosion risks. Thus, their retreat
and eventual disappearance increase their vulnerability to hazardous events. In addition, beach
narrowing threatens beach environmental services critical to tourist destinations' economy since
recreational activities depend on the beach backshore. Considering the threat of sea-level rise in
coastal areas and on small islands, it is necessary to conduct a study to determine the degree of
vulnerability experienced by a coast since measuring vulnerability is a fundamental phase towards

effective risk reduction.

Therefore, the main finding of this study is to investigate and assess the vulnerability of the
Bali Province coast to the effect of rising sea levels through remote sensing and Geographic
Information System (GIS) technology, considering the geological and physical characteristics of
coastal processes. Remote sensing is the science and art of obtaining information about an object
on the Earth’s surface through analyzing data acquired without directly contacting the object.
Considering its low cost and extensive coverage, this advanced technology is frequently used in
environmental and natural resources monitoring. The combination of remote sensing and GIS
technology will provide valuable spatial information to evaluate environmental changes and has
proved its effectiveness in providing accurate information for monitoring coastal areas.

Assessing coastal vulnerability is one of the methods generally used to measure the degree of
coastal vulnerability. This study considered six parameters in creating the Coastal Vulnerability
Index (CVI): geomorphology, shoreline change rate, coastal elevation, sea-level change rate, tidal
range, and significant wave height. The study revealed that about 138 km (22%) of the mapped
shoreline is classified as very high vulnerability, and 164 km (26%) of the shoreline is highly
vulnerable. Of the remaining shoreline, 168 km (26%) and 169 km (26%) are moderately

vulnerable categories and low vulnerable categories, respectively. The data analysis found that the
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geological variables, which are geomorphology, shoreline change, elevation, and significant wave
height, are the major factors that determine the risk level of coastal vulnerability since the physical
variables (sea-level change rate and tidal range) were given the same risk level along the coast.
Moreover, it is verified that the method applied agrees well with the Kappa coefficient value of
0.80.

Additionally, the rise in sea level-induced intensification of coastal floods is a serious threat
to Bali’s coastal areas near the ocean. Although severe flood events are rare, they can entail
enormous damage costs, especially when built-up areas and/or agricultural fields are inundated.
To address the gap and analyze the regional impacts of climate change and sea level rise on the
coastal areas of Bali Province, we simulated coastal inundation due to rising sea levels in multiple
scenarios of projected sea level height in 2025, 2030, 2070, and 2100. This assessment aims to
identify the area submergence in different sea level scenarios based on the derived annual SLR
rates and estimate the potential impacts of coastal inundation on land use. At the current rising rate,
7077.42 ha of Bali Province will be below the water level in 2100.

As one of the main parameters to determine coastal vulnerability, shoreline change must be
monitored continuously to understand how the sediment moves in a coastal compartment. This
study also presents an application of satellite remote sensing techniques to detect and analyze the
dynamic changes in shoreline position. This study uses high-resolution PlanetScope imagery data.
Multitemporal shorelines were extracted using the Normalized Difference Water Index (NDWI) to
delineate seawater from distinct land-cover types. The end point rate (EPR) model was then used
to statistically quantify the shoreline change rates. The results revealed variations in the positions
of the shorelines over the duration of the study, with rapid erosion emerging as a major concern in
Bali Province, primarily driven by human activities and/or coastal hydrodynamics. During the
study period, the shoreline in Bali Province decreased from 668.64 km to 662.59 km at an average
rate of -1.21 m/yr due to continuous erosion, with the most significant retreat occurring at
Klungkung Regency. The method applied has been verified with an overall accuracy of 78.38%.

Addressing the issues provided by shoreline changes is essential to protecting the coastal
ecosystem, supporting economic growth, and preserving the cultural significance of the region for
future generations. Moreover, a comprehensive analysis of studies on sea level rise, including a
detailed assessment of the cost and benefit associated with potential adaptations and mitigation,
should be undertaken to evaluate the possible actions for coastal protection strategies.
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