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ABSTRACT: Climate change, in conjunction with land conversion, has a major effect on the world's coastline region. 

Low-lying coastal communities and villages have already suffered devastation from catastrophic floods and must now 

contend with increasing seas. The world's 11 fastest sinking cities have been identified (CNN, 2018).  The source of 

flooding, impact, mitigation, and adaption strategies within the coastal area are vary across those rural areas. As a 

result, it is important to examine the influence of the two primary causes of coastal flooding, there is land use change 

and climate change. The purpose of this article is to assess land use cover change (LUCC), climate change's influence, 

and the sinking coast's impact due to those phenomenon. The method includes combining multiple-date remote 

sensing data analysis and spatial analysis, either through change detection of land and water and the accuracy 

assessment analysis. The findings, deductively, show a link between LUCC, climate change, coastal flooding, and 

indicate the role of water change detection (WCD), LUCC detection (LUCCD) and Built-up area change detection  

(BCD) for rapidly mapping the coastal flooding for mitigate any devastation. 

  

1. INTRODUCTION: 

Climate change, in conjunction with land conversion, has a major effect on the world's coastline area. Because of this, 

low-lying coastal communities and villages have already suffered devastation from catastrophic floods and must now 

contend with rising sea level. The world has identified the 11th fastest sinking cities there is Jakarta, Lagos, Houton, 

Dhaka, Venice, Virginia Beach, Bangkok, New Orleans, Rotterdam, Alexandria and Miami (World Economic Forum, 

2019). However, for the sake of this study, we will concentrate on rural coastal regions that are at risk of land 

conversion to non-agriculture uses and are confronted with technological challenges. The source of flooding, impact, 

mitigation, and adaption strategies within the coastal area are vary across those rural areas. As a result, it is important 

to examine the influence of the two primary causes of coastal flooding, there is land use change and climate change.  

With a deductive approach, multi-date remote sensing analysis can be utilized to analyze the dominant factors 

affecting coastal flooding. The deductive method elucidates the theoretical concepts that connect the general issue to 

the specific one (Winarso, 2014). While the implementation of remote sensing for climate change impact on coastal 

flooding has been assessed by Sutrisno et al (2020); Appeaning (2011). Indeed, the implementation of remote sensing 

for landuse cover change (LUCC) to coastal flooding has been widely implemented, such as the research by Yang et. 

al (2016). 

 

Flooding may take on a variety of forms depending on one's perspective. The issue might be classified according to 

biophysical elements such as geology, geography, meteorology, and the environment, as well as the opposing 

socioeconomic forces and policy that influence them. Therefore. the purpose of this article is to assess land use cover 

change (LUCC), climate change's influence, and the sinking coast's impact due to both phenomenon.  The research 

area was the rural coastal area of Sayung Sub-district in Central Java, Indonesia (see Figure 1). Aside from the constant 

floods, parts of the coastal regions are sinking and the shoreline is shifting landward. This coastal region scenery is 

made up of marsh, channels, and muddy beaches, and it is progressively sinking as a result of land use cover change 

and relative sea level rise (Sutrisno et al, 2021). 
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Figure 1. Study site, Sayung Sub-district- Central Java, Indonesia 

2. METHOD. 

This article makes use of Landsat TM data obtained on August 13, 1999, and Landsat 8 Oli data acquired on July 29, 

2020. Both were obtained from the USGS (https://earthexplorer.usgs.gov) and big scale map of Sayung Sub-District 

from Badan Informasi Geospasial  or BIG (2013). The imageries can be seen Figure 2 

 

  
(a) (b) 

Figure 2. The data used for analysis, (a) Landsat TM of August, 13th 1999 and (b) 

Landsat 8 Oli of July 29th 2020  

The method includes combining multiple-date remote sensing data analysis, through change detection of land and 

water, accuracy assessment and descriptive deductive-based analysis. The amount to which climate change, in this 

case sea level rise, affects coastal flooding may be assessed by examining the extent to which flooding occurs on land. 

The water change detection method is one way for analyzing changes in land area due to flooding. Meanwhile, with 

relation to LUCC, the loss of the protective coastal green belt, upstream land conversion, and physical development 

in coastal areas can all contribute to coastal flooding. Similar to the impact of climate change on coastal regions, one 

approach for analyzing this land change is change detection. Thus, in this method, we will employ the water change 

detection (WCD) method by applying Normalize Differentiate Water Index (NDWI) to both imageries and then 

analyzing the changes; the LUCC detection (LUCCD) method by applying Normalized Differentiate Vegetation  

 

 

https://earthexplorer.usgs.gov/
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Index (NDVI) to both imageries and then analyzing the changes; and the built-up area change detection (BCD) method 

by applying Normalized Differentiate Built-up Index (NDBI) to both imageries and then analyzing the changes. 

For water, land and built-up area change detection employ the image differencing method, which involves the pixel-

by-pixel subtraction of two spatially registered imageries (Al-Doski et al, 2013). Whereas, the pixels with changed 

area are intended to be dispersed in the two tails of the final image's histogram, while the pixels with unchanged area 

are expected to be clustered around zero. This straightforward approach produces a picture that is clearly interpretable; 

nonetheless, it is critical to appropriately establish the criteria for distinguishing change from non-change areas (Al-

Doski et al, 2013). The process of analysis can be described in Figure 3 

 

 

Figure 3. The process of Change detection for water, and built-up area 

An explained in the following formula: 

𝑁𝐷𝑉𝐼 =
𝐵𝑟𝑒𝑑− 𝐵𝑁𝐼𝑅

𝐵𝑟𝑒𝑑+ 𝐵𝑁𝐼𝑅
  ………………..(1) 

𝑁𝐷𝑊𝐼 =
𝐵𝑁𝐼𝑅−𝐵𝑆𝑊𝐼𝑅

𝐵𝑁𝐼𝑅+𝐵𝑆𝑊𝐼𝑅
 ………………(2) 

𝑁𝐷𝐵𝐼 =  
𝐵𝑆𝑊𝐼𝑅−𝐵𝑁𝐼𝑅

𝐵𝑆𝑊𝐼𝑅+ 𝐵𝑁𝐼𝑅
 ………………(3) 

And 

𝐼𝑀𝑑𝑒𝑓 =  𝐼1𝑥,𝑦
− 𝐼2𝑥,𝑦

 …………….(4) 

Following the findings of WCD, LUCCD and BCD, the accuracy assessment was employed by using Sutrisno et al 

(2020) formula, which was described as follow 

𝐸𝑣 =  
∑ 𝑡1+ 𝑡𝑛

∑(𝑃)𝑟𝑒𝑓
 𝑥 100 %                                                   (6) 

𝑖𝑓(𝑥, 𝑦)1 = (𝑥, 𝑦)𝑛    𝑡ℎ𝑒𝑛 (𝑥, 𝑦)1 𝑖𝑠 𝑡𝑟𝑢𝑒 (7) 

𝑖𝑓 (𝑥, 𝑦)1 ≠ (𝑥, 𝑦)𝑛 𝑡ℎ𝑒𝑛 (𝑥, 𝑦)1 𝑖𝑠 𝑓𝑎𝑙𝑠𝑒 (8) 

where Ev is the result of the evaluation (%), based on t = a true value,  1…n are the points from the classified image, 

and 𝑷𝒓𝒆𝒇is the field reference data and (𝒙, 𝒚)𝒏  is a reference point object within the classified image. The reference 

maps were the original images and the big scale maps from Badan Informasi Geospasial (BIG) 

 

Finally, the underlying cause of this coastal flooding problem was descriptively examined using the results of the 

water and land change detection analysis, as well as by examining prior study findings. 
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3. RESULT AND DISCUSSION 

The findings of WCD analysis utilizing the image differencing method is shown in Figure 4, which depicts substantial 

changes from 1999 to 2020. Not only does the result demonstrate coastal inundation, but also the shoreline retreating 

landward.  

 

  

   
(a) (b) (c) 

 

Figure 4. WCD (c), Original images (a), NDWI (b) 

According to the calculations, an area of 16,291.09 hectares has been submerged. 

Additionally, the result of LUCC detection analysis of both NDVI data from 1999 and 2000 indicates a decrease in 

green area in almost all of the sub-center district's part, indicating the intrusion of water into the green area that was 

previously used for agriculture land in 1999 (Figure 2). According to calculations, a total of 17,033.86 hectares have 

been transformed or repurposed. 

  

   
(a) (b) (c) 

 

Figure 5. LUCCD (c), Original image (b) and NDVI image (b) 

Indeed, the results of the BCD analysis suggest a rise in built-up area in the southern part of Sayung Subdistrict 

(Figure 6), whereas the area is about 8, 429.13 ha. 
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(a) (b) (c) 

 

Figure 6. BCD (c), Original Images (a), NBVI (b) 

   
(a) (b) (c) 

 

Figure 7. Comparison the result with original imageries, (a) WCD, (b) LUCCD and (c) BCD 

The result overall accuracy for WCD, LUCCD indicates 86,2 % for WCD, 75,6 % for LUUCD and 91% For BCD. 

Figure 7 illustrates the WCD, LUCCD, and BCD results in the 2020 image to demonstrate the data's accuracy. The 

second approach is to compute it in a convolution matrix using a large-scale topographic map as a reference, resulting 

in the accuracy values as mentioned above. 

 

While it is true that the expansion of built-up areas and the conversion of land to water bodies have high accuracy 

values, these values cannot be used to determine the major cause causing coastal flooding and shoreline retreat. 

However, based on prior research, a connection appears to exist between those values and the cause of coastal 

flooding. Where industrial and residential development raises demand for ground water, excessive ground water 

discharge occurs. Indeed, one of the factors contributing to ground subsidence is the increased demand for water by 

communities and industry (Rahman et al., 2018). As a result, the sea level rise in this region may are caused by land 

subsidence and can be defined as a relative sea level rise (Sutrisno et al, 2020; Sutrisno, 2014). This phenomenon of 

relative sea level rise is aggravated by the existence of tidal waves, known locally as rob, which cause abrasion and 

flooding of coastal areas as well as shoreline retreat. The changing patterns of tidal waves, one of which is a result of 

climate change. Climate change has an effect on variations in air pressure both on land and at sea, affecting the 

velocity and height of tidal waves propagating landward, causing devastation through abrasion and floods. As a result, 

the Sayung shoreline receded about 6 kilometers landward (Helmi, 2019), drowning some villages in the downstream 

area (Figure 8). 

 



The 42nd Asian Conference on Remote Sensing (ACRS2021) 

22-24th November, 2021 in Can Tho University, Can Tho City, Vietnam 

 

 

  
(a) (b) 

 

Figure 8. Illustration of  (a) submerging village (Mana, 2021) and (b) Image of submerging villages (image 

donwnloade form google earth, 2021) 

 

4. CONCLUSION: 

Although it cannot identify the major factors that cause coastal flooding and shoreline retreat, the WCD, LUCCD, 

and BCD methods are the most rapid technique that can be used for immediate flood, LUCC and built-up area 

development mapping. The combination of these three techniques can aid in resolving any disaster associated with 

floods and LUCC issues. Alternatively, by examining the distribution of changes within an area using this approach, 

the pattern of future changes may be predicted and used as input by relevant policymakers. 
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