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Abstract 

The outermost small islands determine the territorial boundary of Indonesia. Liki, Bepondi 

and Miossu Islands are the three northeastern and outermost small islands of Indonesia 

located in the northern part of Papua Island. On the other hand, Sea Level Rise as an 

impact of global warming has threat the existence of small islands around the world. In the 

present study, the threat of Sea Level Rise (SLR) on the existence of those Islands is 

estimated from remote sensing method which is very useful for quick assessment. We use 

drone photography with photogrametry method to estimate the elevation of the three 

Islands. These elevations were corrected by tidal data to estimate the elevation above 

highest high water level. The linear regression assumption of 25 years sea level anomaly 

data obtained from altimetry satellite from 1993-2017 were calculated to analyze the rate 

of SLR. The elevation above highest high water level for Liki, Bepondi and Miossu Islands 

are 265.84 m, 103.19 m, and 26.37 m, respectively. With the the rate of Sea Level Rise of 

4.4 mm/year, 4.4 mm/year, and 4.1 mm/year, the threat of SLR on the existence of the three 

northeastern and outer-most small islands of Indonesia is small.   

 

1. Introduction 

Indonesia is the biggest archipelagic state in the world with 16,056 islands spread 

within Indonesia region. As in 2017, this number of named and positioned islands has 

been officially registered to the United Nations by the Information and Geospatial 

Agency of Indonesia (http://www.big.go.id). As an archipelagic state, Indonesian 

region borders to 10 other countries whereas most parts of the border area consist of 

outermost small islands. The Presidential Decree No. 6 of 2017 has established as many 

as 111 islands as outermost small islands in Indonesia. The Government Regulation No. 

62 of 2010 on The Use of Outermost Small Islands, stated that a small island is an island 

with an area smaller or equal to 2000 Km2 including its ecosystem unity. While the 
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outer small islands are small islands which have basic geographical coordinates that 

connect the archipelagic sea baseline in accordance with international and national law. 

Furthermore, Government Regulation No. 26 of 2008 states that the sovereign territory 

of Indonesia is including the outermost small islands that border directly with 

neighboring countries and/or the high seas. Therefore, the existence of the outermost 

and small islands should be maintained by the development priority to the outermost 

and small islands in Indonesia.  

On the other hand the world is now facing the common threat coming from the 

global warming. One of the impact of global warming which possibly threat the 

existence of small islands is sea level rise (SLR). Global warming causes SLR through 

2 mechanisms i.e., the increase of volume and mass of sea water (Wills et al., 2010). 

The increase of water mass is related to the melting ice at the poles and gletser as a 

direct impact of increasing temperature on earth due to the increase of green house 

gases concentration in the atmosphere. The increase of volume is related to the sea 

water heating that causes thermal expansion of water molecule. International Panel on 

Climate Change reported that in 100 years from 2000 the global sea level increase 

ranges from 15cm to 95 cm. Furthermore, Based on altimetry satellite observations, 

from 1992 the rate of global SLR is ±3.31 mm/year (e.g., Kuo, 2006; Ablain et al., 

2009; Leuliette and Scharroo, 2010; Nerem et al., 2010; Shum and Kuo, 2010). The 

spatial distribution of SLR is shown in Wills et al. (2010). Among the areas around the 

world, western equatorial Pacific is the area with the highest SLR. The rate of SLR at 

this area can reach 1 cm/year. Thus, northeastern Indonesia which is part of the western 

equatorial Pacific faces the most rapid SLR. 

Liki, Bepondi and Miossu Islands are the outermost small islands in Indonesia 

located at the northeastern most of Indonesia at the western equatorial Pacific (Fig. 1). 

Liki and Bepondi Islands are located at Papua Province while Miossu Island is at West 

Papua Province. The position of these three islands becomes the baseline for 

determining Indonesia territory. Thus, the existence of these three islands should be 

maintained since the position of these islands is vulnerable to the threat of SLR. 

Furthermore, since Liki and Bepondi Islands are inhabitant islands, SLR also can be 

the threat for people live in these islands. In the present study we investigated the 

potential impact of SLR in threatening the existence of Liki, Bepondi and Miossu 

Islands estimated from remote sensing approach.  

 

2. Material and Method 

First, we simulated the potential loss of Indonesia territory assuming the 

disappearance of Liki, Bepondi and Miossu Islands. The actual baseline of Indonesia 

territory is obtained from Information and Geospatial Agency of Indonesia. According 

to the Law No. 6 of 1996 on Indonesian Waters, The Indonesia territorial line is 

determined by 12.5 nautical miles from the baseline which is determined by the position 

of the outermost islands. Assuming the disappearance of the outermost island, the 

baseline was retreated to the mainland. The potential loss of Indonesia territory was 

estimated by calculating the areal size of territorial line before and after the 

disappearance of the outermost island.  

For investigating the threat of SLR to the existence of Liki, Bepondi and Miossu 

Islands, we conducted 2 main analysis depicted in Fig. 2. The first analysis is 

calculating the rate of SLR at these three Islands. We used re-processing daily sea level 

anomalies (SLA) Level 4 from multi-mission data result of altimetry satellites provided 

by Copernicus Marine Environment Monitoring Service (http://marine.copernicus.eu/) 

with the period of observation from 1993 to 2017. The spatial resolution of this data is 
Commented [A4]: Please put in reference 



0.25°×0.25°. We composed daily data into yearly data. With the basis of yearly data, 

we calculated the rate of SLR per year by using simple linear regression. 

baxy +=            (1) 

Where y and x are yearly SLA (m) and year, respectively. The rate of SLR (m/year) is 

determined by value of constant ‘a’.  

Second analysis is estimating the highest elevation at Liki, Bepondi and Miossu 

Island. To reach these three islands, we joined the research cruise “Baruna Jaya VIII” 

owned by Research Center for Oceanography, Indonesian Institute of Science in the 

expedition called “Nusa Manggala”. The aim of this expedition is to explore the 

potential resources of coastal ecosystem in the outermost small Islands at the 

northeastern Indonesia. We joined the second leg of the cruise from 14 November to 4 

December 2018. We used aerial photography taken from drone DJI Phantom 4 Pro with 

photogrametry method to generate Digital Surface Model for Liki, Bepondi and Miossu 

Island. The plan was to fly the drone from the beach passing the highest topography 

until the other side of the beach for several loops with 80% overlapping images.  

The images of Liki Island was taken on 22 November 2018 at 12.00 Local Time 

(LT). Drone was taken off from the beach side at position 136’9.76” S and 

13844’34.37” E to the highest part of the island. The take off altitude was 280 m. 

However, the drone could not reach the other side of island due to the limitation of 

communication signal between the drone and the controller. We collected 345 aerial 

images at Liki Island. At Bepondi Island, the drone took off from the highest part of the 

island at the position 024’12.45” S dan 13516’5.96” E on 26 November 2018 at 15.00 

LT. The take off altitude was 50 m. Since it flied from the highest part of the island, the 

drone managed to capture both side of the beach with 740 aerial images. The aerial 

images of Mioussu Island were taken on 1 December 2019 at 9.00 LT. The drone took 

off from the highest part of island at position 020’49.33” S dan 13210’12.91” E with 

110 m of take off altitude. We managed to collect 850 aerial images that covered both 

side of the beach. The aerial images of three islands are then processed to obtain high 

resolution orthoimagery, Digital Surface Model (DSM) and Digital Terrain Model 

(DTM). 

The image processing to produce orthoimagery, DSM and DTM was conducted by 

using photogrametry method (Mouloua, Ferraro, Mouloua, Hancock, & Florida, 2018) 

(Polat & Murat, 2018) (Cunliffe, Brazier, & Anderson, 2016). The three dimension 

format of geographical location, size and capture of the object were measured by 

georeferencing orthoimages and Digital Terrain Model (Sammartano & Spanò, 2016). 

The accuracy of 3D model is depend on the distribution of Ground Control Point (GCP) 

(Suh & Choi, 2017). Kung et al (2011) stated that the accuracy of drone photogrametry 

with and without GCPs range from 0.056m to 1.25 m and from 1.97 to 7.84 m, 

respectively. In the present study, we did not conducted GPS survey for determining 

GCPs due to the limitation of survey duration. However, the sea side covered by the 

drone were used as GCPs since we assumed that the elevation of sea level is 0 m in 

both side of the sea side. The flowchart of photogrametry method is shown in Fig. 3.  

The DTM generated from photogrametry method was then corrected by tidal data. 

UNCLOS (1982) article 121 stated that, an island is a naturally formed area of land, 

surrounded by water, which is above water at high tide. Thus, tidal data was used to 

project the datum of DTM at the position of Highest High Water Level (HHWL). We 

used 29 days of tidal prediction data provided by the Information and Geospatial 

Agency of Indonesia (http://tides.big.go.id/pasut/). To ensure the accuracy of the tidal 

prediction data, we compared it with tidal observation data and used the tidal 

observation data as reference for tidal prediction data. The tidal observation data at Liki 
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Island is recorded by using tide logger RBR Duo at position 137’28.48” S dan 

13844’30.62” E for 1.5 days started from 20 November 2018. At Bepondi Island, we 

used the tidal observation Island at the Biak Island owned by Information and 

Geospatial Agency of Indonesia (http://ina-sealevelmonitoring.big.go.id/ipasoet/) due 

to the failure of RBR measurement. The position of tidal observation at Biak Island is 

1.1776°S and 136.056°E. For Miossu Island, we used 2 observation data i.e., RBR duo 

data and visual observation. The position of the observation was 0.35135 S dan 

132.172613 E. The referenced tidal prediction data for each island then was analyzed 

by using admiralty method to obtain the value of HHWL and other tidal characteristics. 

DTM for each island was then corrected by HHWL value to obtain the elevation of the 

islands above highest tide. Finally, we simulated the the impact of SLR for the existence 

of Liki, Bepondi and Miossu Islands for the next 100 years by using the obtained value 

of SLR rate and the topography of each island.  

 

3. Result And Discussion 

3.1. Potential area loss due to the absence of the outermost small islands 

The estimated potential area loss due to the absence of Liki, Bepondi and Miossu 

Islands are 269,456.73 Ha, 71,007.84 Ha, and 5.997.79 Ha, respectively (Fig. 4). Thus, 

total potential area loss of Indonesia territory if these three outermost island disappear 

is 346,462.36 Ha. The loss of the outermost small islands in Indonesia can have juridical 

consequences for Indonesia's Exclusive Economic Zone (EEZ) with the EEZ of other 

countries at sea bordering the lost island. Overlapping of boundaries between countries 

can occur because of the same claim for an area affected by the loss of the island. The 

problem of territorial boundaries that might occur as a result of this matter will affect 

the economic aspects in relation to area management, administrative aspects of 

government, and the defense/security aspects. 

Determination of continental shelf boundaries can be used as a reference in 

establishing EEZ. Indonesia has the characteristics of an archipelagic state based on 

what is stated in Article 46 of UNCLOS, and an archipelagic country has special rights 

or provisions in determining maritime boundaries, one of which can be seen from the 

way of establishing archipelagic baselines contained in Article 47 of UNCLOS. Other 

countries that border directly with Indonesia in general are coastal countries. 

Determination of the continental shelf boundary between Indonesia and other countries 

that border directly with Indonesia can refer to Article 76, 77 and 78 of UNCLOS 

wherein the article states the coastal state's right to continental shelf. The solution to 

the EEZ problem can refer to Article 55 of UNCLOS which states that in determining 

the EEZ boundaries, a coastal country must be based on the provisions of its rights as 

a coastal state. Based on this, the problem of the boundaries of Indonesia's EEZ with 

other coastal countries should be avoided because Indonesia as an archipelagic state has 

special features in determining maritime boundaries based on UNCLOS. 

 

3.2. Sea Level Rise   

 The distribution of SLR in Indonesian Seas is shown in Fig 5. Most of the area 

within Indonesian Seas has rate of SLR by more than 4 mm/year. Especially in the 

Arafura Sea, Savu Sea, Southern coast of Java, and parts of Java Sea have SLR rate by 

more than 5 mm/s. Along the northern coast of Papua which becomes our study area, 

the SLR rate is about 4 mm/year. Specifically for Liki, Bepondi and Miossu, their SLR 

rates are 4.4 mm/year, 4.4 mm/year, and 4.1 mm/year, respectively (Fig. 6). Thus, it 

can be concluded that SLR rate in Indonesian Seas is higher than the global average i.e., 

(e.g., Kuo, 2006; Ablain et al., 2009; Leuliette and Scharroo, 2010; Nerem et al., 2010; 

http://ina-sealevelmonitoring.big.go.id/ipasoet/


Shum and Kuo, 2010). Furthermore, Fig. 6 also shows yearly variation of SLA from 

1993 to 2017. The higher anomaly beyond the regression line are obtained in 1996, 

2000, 2001, 2002, 2008, 2011, 2012, and 2013. Conversely, in 1993, 1997, 1998, 2015 

and 2016, SLAs tend to be lower than their regression line. These features apply for all 

three islands. The lower (higher) SLA correspond to the occurrence of El Nino (La Nina) 

years which are mentioned in other studies (e.g., Kismawardhani et al., 2018; Handoko 

et al, 2019).  

 

3.3. Tidal characteristic 

The comparison between tidal prediction data and tidal observation data is shown 

in Fig. 7. Tidal prediction data provided by Information and Geospatial Agency of 

Indonesia demonstrates good agreements both in amplitude and period with the 

observational data for three Islands. Next, 29 days of tidal prediction data were analyzed 

by using admiralty method to obtain the vertical datum and tidal type of the seas at Liki, 

Bepondi dan Miossu Island. HHWL value for Liki, Bepondi and Miossu Islands are 

2.43 m, 3.41 m, and 2.66 m respectively. The list of other vertical datum for three 

islands is also presented in Fig. 5. It is important to noted that these vertical datums are 

based on the local zero reference of the depth of tidal measurement at each island. Thus, 

these datums are only used for correcting the elevation of three islands as explained in 

the next section. Tidal ranges are 2.0 m, 2.34 m and 2.44 m for Liki, Bepondi and 

Miossu Islands, respectively. The Formzahl values for Liki, Bepondi and Miossu 

Islands are 0.697, 0.507, and 0.439, respectively. These mean that all three islands have 

tidal type of mixed prevailing semidiurnal tide. 

 

3.4. Topography 

The result of photogrametry method are demonstrated in Fig. 8, 9, and 10 for Liki, 

Bepondi and Miossu Islands, respectively. Fig. 8a, 9a, and 10a show the orthophotos 

of each island in true color image passing the highest area of each island. Vegetation 

can be easily identified by the greenish color and the beach side is denoted by the white 

color. High resolution DSM of each island is shown in Fig. 8b, 9b, and 10b for Liki, 

Bepondi and Miossu Island, respectively. Since the land cover of the three islands is 

dominated by vegetation, ground elevation cannot be represented by DSM. In the 

vegetated area, DSM refers to the elevation of tree canopy. To obtain the ground 

elevation, DSM was converted to DTM by auto assessment of land pixels and 

interpolation process. DTM of each island is presented in Fig. 8c, 9c, and 10c. Fig. 11 

shows the cross section of DTM and DSM passing the highest elevation of each island. 

The maximum elevation of Liki, Bepondi and Miossu Islands are 267 m, 106 m and 28 

m, respectively. However, it is important to be noted that these highest elevation values 

were measured from the sea level at the time when the drone was flying. These values 

are then corrected HHWL value. The simulation of tidal correction is depicted in Fig. 

7. The maximum elevation of Liki, Bepondi and Miossu Islands above the highest tide 

are 265.84 m, 103.19 m, and 26.37 m, respectively.   

 

 

 

3.5. Simulation of SLR threat to the existence of outermost islands 

Taking back the result from section 3.2, the prediction of SLR in the next 100 years 

in Liki, Bepondi and Miossu Islands is only 40 cm. This value is not comparable with 

the elevation of these three islands. Therefore, the threat of of SLR to the existence of 

Liki, Bepondi and Miossu Islands is small. However, it is important to be noted that 



since Liki and Bepondi Island are inhabitant islands and major human activities occur 

in the coastal plain, SLR may threat the people living in Liki and Bepondi Islands. For 

example, we conducted the levelling measurement by using water pass method to obtain 

the elevation of benchmark located in the housing area of Liki Island. The elevation of 

bench mark is only 29 cm from HHWL. This means that in the next 100 years, the 

housing area can be inundated as an impact of SLR. Furthermore, Feagin et al. (2005) 

stated that SLR may worsen the coastal erosion due to change of ocean wave and 

current pattern. However, this possibility still need to be examined further by focusing 

the investigation on the coastal plain where most people are living there. This work is 

left for future studies. 

 

4. Conclusion 

The conclusions of the SLR threat for the existence of three outermost small islands 

in the northeastern Indonesia are as follows : 

a. The estimated potential area loss due to the absence of Liki, Bepondi and Miossu 

Islands are 269,456.73 Ha, 71,007.84 Ha, and 5.997.79 Ha, respectively. 

b. SLR rates for Liki, Bepondi and Miossu Islands are 4.4 mm/year, 4.4 mm/year, and 

4.1 mm/year, respectively. 

c. HHWL value for Liki, Bepondi and Miossu Islands are 2.43 m, 3.41 m, and 2.66 m 

respectively. The tidal type pf these three islands is mixed prevailing semidiurnal 

tide. 

d. The highest elevation of Liki, Bepondi and Miossu islands from HHWL are 265.84 

m, 103.19 m, and 26.37 m, respectively. 

e. The threat of SLR on the existence of the three northeastern and outer-most small 

islands of Indonesia is small. 
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Fig. 1. The position of Liki, Bepondi and Miossu Islands 
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Fig. 2 Research Flowchart  
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Fig. 3. Flowchart of photogramtry method 
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Fig. 4. Simulation of Indonesia territorial change due to the absence of a) Liki, b) Bepondi 

and c) Miossu Islands. 
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Fig. 5. Distribution of SLR rate in Indonesian Seas and the study area from 1993 to 2017 
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Fig. 6. Linear regression plot of SLR rate at a) Liki, b) Bepondi and c) Miossu Islands 
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Fig. 7. Tidal data analysis at a) Liki, b) Bepondi and c) Miossu Islands 

  



 

Fig. 8 a) Orthoimagery, b) DSM and c) DTM of Liki Island 
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Fig. 9 a) Orthoimagery, b) DSM and c) DTM of Bepondi Island 
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Fig. 10 a) Orthoimagery, b) DSM and c) DTM of Miossu Island 

 

  

m m

a) b) c)

Scale =1:4000 Scale =1:4000 Scale =1:4000



 

Fig. 11. Cross section of DSM and DSM of a) Liki, b) Bepondi and c) Miossu Islands 

with simulated tidal correction. Black lines on the left figures represent the cross 

section line on in the right figures. 
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Abstract 

The outermost small islands determine the territorial boundary of Indonesia. Liki, Bepondi 

and Miossu Islands are the three northeastern and outermost small islands of Indonesia 

located in the northern part of Papua Island. On the other hand, Sea Level Rise as an 

impact of global warming has threat the existence of small islands around the world. In the 

present study, the threat of Sea Level Rise (SLR) on the existence of those Islands is 

estimated from remote sensing method which is very useful for quick assessment. We use 

drone photography with photogrametry method to estimate the elevation of the three 

Islands. These elevations were corrected by tidal data to estimate the elevation above 

highest high water level. The linear regression assumption of 25 years sea level anomaly 

data obtained from altimetry satellite from 1993-2017 were calculated to analyze the rate 

of SLR. The elevation above highest high water level for Liki, Bepondi and Miossu Islands 

are 265.84 m, 103.19 m, and 26.37 m, respectively. With the the rate of Sea Level Rise of 

4.4 mm/year, 4.4 mm/year, and 4.1 mm/year, the threat of SLR on the existence of the three 

northeastern and outer-most small islands of Indonesia is small.   

 

1. Introduction 

Indonesia is the biggest archipelagic state in the world with 16,056 islands spread 

within Indonesia region. As in 2017, this number of named and positioned islands has 

been officially registered to the United Nations by the Information and Geospatial 

Agency of Indonesia (http://www.big.go.id). As an archipelagic state, Indonesian 

region borders to 10 other countries whereas most parts of the border area consist of 

outermost small islands. The Presidential Decree No. 6 of 2017 has established as many 

as 111 islands as outermost small islands in Indonesia. The Government Regulation No. 

62 of 2010 on The Use of Outermost Small Islands, stated that a small island is an island 

mailto:aninosi@yahoo.co.id
http://www.big.go.id/


with an area smaller or equal to 2000 Km2 including its ecosystem unity. While the 

outer small islands are small islands which have basic geographical coordinates that 

connect the archipelagic sea baseline in accordance with international and national law. 

Furthermore, Government Regulation No. 26 of 2008 states that the sovereign territory 

of Indonesia is including the outermost small islands that border directly with 

neighboring countries and/or the high seas. Therefore, the existence of the outermost 

and small islands should be maintained by the development priority to the outermost 

and small islands in Indonesia.  

On the other hand the world is now facing the common threat coming from the 

global warming. One of the impact of global warming which possibly threat the 

existence of small islands is sea level rise (SLR). Global warming causes SLR through 

2 mechanisms i.e., the increase of volume and mass of sea water (Wills et al., 2010). 

The increase of water mass is related to the melting ice at the poles and gletser as a 

direct impact of increasing temperature on earth due to the increase of green house 

gases concentration in the atmosphere. The increase of volume is related to the sea 

water heating that causes thermal expansion of water molecule. International Panel on 

Climate Change reported that in 100 years from 2000 the global sea level increase 

ranges from 15cm to 95 cm. Furthermore, Based on altimetry satellite observations, 

from 1992 the rate of global SLR is ±3.31 mm/year (e.g., Kuo, 2006; Ablain et al., 

2009; Leuliette and Scharroo, 2010; Nerem et al., 2010; Shum and Kuo, 2010). The 

spatial distribution of SLR is shown in Wills et al. (2010). Among the areas around the 

world, western equatorial Pacific is the area with the highest SLR. The rate of SLR at 

this area can reach 1 cm/year. Thus, northeastern Indonesia which is part of the western 

equatorial Pacific faces the most rapid SLR. 

Liki, Bepondi and Miossu Islands are the outermost small islands in Indonesia 

located at the northeastern most of Indonesia at the western equatorial Pacific (Fig. 1). 

Liki and Bepondi Islands are located at Papua Province while Miossu Island is at West 

Papua Province. The position of these three islands becomes the baseline for 

determining Indonesia territory. Thus, the existence of these three islands should be 

maintained since the position of these islands is vulnerable to the threat of SLR. 

Furthermore, since Liki and Bepondi Islands are inhabitant islands, SLR also can be 

the threat for people live in these islands. In the present study we investigated the 

potential impact of SLR in threatening the existence of Liki, Bepondi and Miossu 

Islands estimated from remote sensing approach.  

 

2. Material and Method 

First, we simulated the potential loss of Indonesia territory assuming the 

disappearance of Liki, Bepondi and Miossu Islands. The actual baseline of Indonesia 

territory is obtained from Information and Geospatial Agency of Indonesia. According 

to the Law No. 6 of 1996 on Indonesian Waters, The Indonesia territorial line is 

determined by 12.5 nautical miles from the baseline which is determined by the position 

of the outermost islands. Assuming the disappearance of the outermost island, the 

baseline was retreated to the mainland. The potential loss of Indonesia territory was 

estimated by calculating the areal size of territorial line before and after the 

disappearance of the outermost island.  

For investigating the threat of SLR to the existence of Liki, Bepondi and Miossu 

Islands, we conducted 2 main analysis depicted in Fig. 2. The first analysis is 

calculating the rate of SLR at these three Islands. We used re-processing daily sea level 

anomalies (SLA) Level 4 from multi-mission data result of altimetry satellites provided 

by Copernicus Marine Environment Monitoring Service (http://marine.copernicus.eu/) 



with the period of observation from 1993 to 2017. The spatial resolution of this data is 

0.25°×0.25°. We composed daily data into yearly data. With the basis of yearly data, 

we calculated the rate of SLR per year by using simple linear regression. 

baxy +=            (1) 

Where y and x are yearly SLA (m) and year, respectively. The rate of SLR (m/year) is 

determined by value of constant ‘a’.  

Second analysis is estimating the highest elevation at Liki, Bepondi and Miossu 

Island. To reach these three islands, we joined the research cruise “Baruna Jaya VIII” 

owned by Research Center for Oceanography, Indonesian Institute of Science in the 

expedition called “Nusa Manggala”. The aim of this expedition is to explore the 

potential resources of coastal ecosystem in the outermost small Islands at the 

northeastern Indonesia. We joined the second leg of the cruise from 14 November to 4 

December 2018. We used aerial photography taken from drone DJI Phantom 4 Pro with 

photogrametry method to generate Digital Surface Model for Liki, Bepondi and Miossu 

Island. The plan was to fly the drone from the beach passing the highest topography 

until the other side of the beach for several loops with 80% overlapping images.  

The images of Liki Island was taken on 22 November 2018 at 12.00 Local Time 

(LT). Drone was taken off from the beach side at position 136’9.76” S and 

13844’34.37” E to the highest part of the island. The take off altitude was 280 m. 

However, the drone could not reach the other side of island due to the limitation of 

communication signal between the drone and the controller. We collected 345 aerial 

images at Liki Island. At Bepondi Island, the drone took off from the highest part of the 

island at the position 024’12.45” S dan 13516’5.96” E on 26 November 2018 at 15.00 

LT. The take off altitude was 50 m. Since it flied from the highest part of the island, the 

drone managed to capture both side of the beach with 740 aerial images. The aerial 

images of Mioussu Island were taken on 1 December 2019 at 9.00 LT. The drone took 

off from the highest part of island at position 020’49.33” S dan 13210’12.91” E with 

110 m of take off altitude. We managed to collect 850 aerial images that covered both 

side of the beach. The aerial images of three islands are then processed to obtain high 

resolution orthoimagery, Digital Surface Model (DSM) and Digital Terrain Model 

(DTM). 

The image processing to produce orthoimagery, DSM and DTM was conducted by 

using photogrametry method (Mouloua, Ferraro, Mouloua, Hancock, & Florida, 2018) 

(Polat & Murat, 2018) (Cunliffe, Brazier, & Anderson, 2016). The three dimension 

format of geographical location, size and capture of the object were measured by 

georeferencing orthoimages and Digital Terrain Model (Sammartano & Spanò, 2016). 

The accuracy of 3D model is depend on the distribution of Ground Control Point (GCP) 

(Suh & Choi, 2017). Kung et al (2011) stated that the accuracy of drone photogrametry 

with and without GCPs range from 0.056m to 1.25 m and from 1.97 to 7.84 m, 

respectively. In the present study, we did not conducted GPS survey for determining 

GCPs due to the limitation of survey duration. However, the sea side covered by the 

drone were used as GCPs since we assumed that the elevation of sea level is 0 m in 

both side of the sea side. The flowchart of photogrametry method is shown in Fig. 3.  

The DTM generated from photogrametry method was then corrected by tidal data. 

UNCLOS (1982) article 121 stated that, an island is a naturally formed area of land, 

surrounded by water, which is above water at high tide. Thus, tidal data was used to 

project the datum of DTM at the position of Highest High Water Level (HHWL). We 

used 29 days of tidal prediction data provided by the Information and Geospatial 

Agency of Indonesia (http://tides.big.go.id/pasut/). To ensure the accuracy of the tidal 

prediction data, we compared it with tidal observation data and used the tidal 

http://tides.big.go.id/pasut/


observation data as reference for tidal prediction data. The tidal observation data at Liki 

Island is recorded by using tide logger RBR Duo at position 137’28.48” S dan 

13844’30.62” E for 1.5 days started from 20 November 2018. At Bepondi Island, we 

used the tidal observation Island at the Biak Island owned by Information and 

Geospatial Agency of Indonesia (http://ina-sealevelmonitoring.big.go.id/ipasoet/) due 

to the failure of RBR measurement. The position of tidal observation at Biak Island is 

1.1776°S and 136.056°E. For Miossu Island, we used 2 observation data i.e., RBR duo 

data and visual observation. The position of the observation was 0.35135 S dan 

132.172613 E. The referenced tidal prediction data for each island then was analyzed 

by using admiralty method to obtain the value of HHWL and other tidal characteristics. 

DTM for each island was then corrected by HHWL value to obtain the elevation of the 

islands above highest tide. Finally, we simulated the the impact of SLR for the existence 

of Liki, Bepondi and Miossu Islands for the next 100 years by using the obtained value 

of SLR rate and the topography of each island.  

 

3. Result And Discussion 

3.1. Potential area loss due to the absence of the outermost small islands 

The estimated potential area loss due to the absence of Liki, Bepondi and Miossu 

Islands are 269,456.73 Ha, 71,007.84 Ha, and 5.997.79 Ha, respectively (Fig. 4). Thus, 

total potential area loss of Indonesia territory if these three outermost island disappear 

is 346,462.36 Ha. The loss of the outermost small islands in Indonesia can have juridical 

consequences for Indonesia's Exclusive Economic Zone (EEZ) with the EEZ of other 

countries at sea bordering the lost island. Overlapping of boundaries between countries 

can occur because of the same claim for an area affected by the loss of the island. The 

problem of territorial boundaries that might occur as a result of this matter will affect 

the economic aspects in relation to area management, administrative aspects of 

government, and the defense/security aspects. 

Determination of continental shelf boundaries can be used as a reference in 

establishing EEZ. Indonesia has the characteristics of an archipelagic state based on 

what is stated in Article 46 of UNCLOS, and an archipelagic country has special rights 

or provisions in determining maritime boundaries, one of which can be seen from the 

way of establishing archipelagic baselines contained in Article 47 of UNCLOS. Other 

countries that border directly with Indonesia in general are coastal countries. 

Determination of the continental shelf boundary between Indonesia and other countries 

that border directly with Indonesia can refer to Article 76, 77 and 78 of UNCLOS 

wherein the article states the coastal state's right to continental shelf. The solution to 

the EEZ problem can refer to Article 55 of UNCLOS which states that in determining 

the EEZ boundaries, a coastal country must be based on the provisions of its rights as 

a coastal state. Based on this, the problem of the boundaries of Indonesia's EEZ with 

other coastal countries should be avoided because Indonesia as an archipelagic state has 

special features in determining maritime boundaries based on UNCLOS. 

 

3.2. Sea Level Rise   

 The distribution of SLR in Indonesian Seas is shown in Fig 5. Most of the area 

within Indonesian Seas has rate of SLR by more than 4 mm/year. Especially in the 

Arafura Sea, Savu Sea, Southern coast of Java, and parts of Java Sea have SLR rate by 

more than 5 mm/s. Along the northern coast of Papua which becomes our study area, 

the SLR rate is about 4 mm/year. Specifically for Liki, Bepondi and Miossu, their SLR 

rates are 4.4 mm/year, 4.4 mm/year, and 4.1 mm/year, respectively (Fig. 6). Thus, it 

can be concluded that SLR rate in Indonesian Seas is higher than the global average i.e., 

http://ina-sealevelmonitoring.big.go.id/ipasoet/


(e.g., Kuo, 2006; Ablain et al., 2009; Leuliette and Scharroo, 2010; Nerem et al., 2010; 

Shum and Kuo, 2010). Furthermore, Fig. 6 also shows yearly variation of SLA from 

1993 to 2017. The higher anomaly beyond the regression line are obtained in 1996, 

2000, 2001, 2002, 2008, 2011, 2012, and 2013. Conversely, in 1993, 1997, 1998, 2015 

and 2016, SLAs tend to be lower than their regression line. These features apply for all 

three islands. The lower (higher) SLA correspond to the occurrence of El Nino (La Nina) 

years which are mentioned in other studies (e.g., Kismawardhani et al., 2018; Handoko 

et al, 2019).  

 

3.3. Tidal characteristic 

The comparison between tidal prediction data and tidal observation data is shown 

in Fig. 7. Tidal prediction data provided by Information and Geospatial Agency of 

Indonesia demonstrates good agreements both in amplitude and period with the 

observational data for three Islands. Next, 29 days of tidal prediction data were analyzed 

by using admiralty method to obtain the vertical datum and tidal type of the seas at Liki, 

Bepondi dan Miossu Island. HHWL value for Liki, Bepondi and Miossu Islands are 

2.43 m, 3.41 m, and 2.66 m respectively. The list of other vertical datum for three 

islands is also presented in Fig. 5. It is important to noted that these vertical datums are 

based on the local zero reference of the depth of tidal measurement at each island. Thus, 

these datums are only used for correcting the elevation of three islands as explained in 

the next section. Tidal ranges are 2.0 m, 2.34 m and 2.44 m for Liki, Bepondi and 

Miossu Islands, respectively. The Formzahl values for Liki, Bepondi and Miossu 

Islands are 0.697, 0.507, and 0.439, respectively. These mean that all three islands have 

tidal type of mixed prevailing semidiurnal tide. 

 

3.4. Topography 

The result of photogrametry method are demonstrated in Fig. 8, 9, and 10 for Liki, 

Bepondi and Miossu Islands, respectively. Fig. 8a, 9a, and 10a show the orthophotos 

of each island in true color image passing the highest area of each island. Vegetation 

can be easily identified by the greenish color and the beach side is denoted by the white 

color. High resolution DSM of each island is shown in Fig. 8b, 9b, and 10b for Liki, 

Bepondi and Miossu Island, respectively. Since the land cover of the three islands is 

dominated by vegetation, ground elevation cannot be represented by DSM. In the 

vegetated area, DSM refers to the elevation of tree canopy. To obtain the ground 

elevation, DSM was converted to DTM by auto assessment of land pixels and 

interpolation process. DTM of each island is presented in Fig. 8c, 9c, and 10c. Fig. 11 

shows the cross section of DTM and DSM passing the highest elevation of each island. 

The maximum elevation of Liki, Bepondi and Miossu Islands are 267 m, 106 m and 28 

m, respectively. However, it is important to be noted that these highest elevation values 

were measured from the sea level at the time when the drone was flying. These values 

are then corrected HHWL value. The simulation of tidal correction is depicted in Fig. 

7. The maximum elevation of Liki, Bepondi and Miossu Islands above the highest tide 

are 265.84 m, 103.19 m, and 26.37 m, respectively.   

 

 

3.5. Simulation of SLR threat to the existence of outermost islands 

Taking back the result from section 3.2, the prediction of SLR in the next 100 years 

in Liki, Bepondi and Miossu Islands is only 40 cm. This value is not comparable with 

the elevation of these three islands. Therefore, the threat of of SLR to the existence of 

Liki, Bepondi and Miossu Islands is small. However, it is important to be noted that 



since Liki and Bepondi Island are inhabitant islands and major human activities occur 

in the coastal plain, SLR may threat the people living in Liki and Bepondi Islands. For 

example, we conducted the levelling measurement by using water pass method to obtain 

the elevation of benchmark located in the housing area of Liki Island. The elevation of 

bench mark is only 29 cm from HHWL. This means that in the next 100 years, the 

housing area can be inundated as an impact of SLR. Furthermore, Feagin et al. (2005) 

stated that SLR may worsen the coastal erosion due to change of ocean wave and 

current pattern. However, this possibility still need to be examined further by focusing 

the investigation on the coastal plain where most people are living there. This work is 

left for future studies. 

 

4. Conclusion 

The estimated potential area loss due to the absence of Liki, Bepondi and Miossu 

Islands are 269,456.73 Ha, 71,007.84 Ha, and 5.997.79 Ha, respectively. SLR rates for 

Liki, Bepondi and Miossu Islands are 4.4 mm/year, 4.4 mm/year, and 4.1 mm/year, 

respectively. HHWL value for Liki, Bepondi and Miossu Islands are 2.43 m, 3.41 m, 

and 2.66 m respectively. The tidal type pf these three islands is mixed prevailing 

semidiurnal tide. The highest elevation of Liki, Bepondi and Miossu islands from 

HHWL are 265.84 m, 103.19 m, and 26.37 m, respectively. Considering the rate of 

SLR and the elevation of the islands, it can be conclude that there is no threat of SLR 

on the existence of the three northeastern and outer-most small islands of Indonesia. 
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Fig. 1. The position of Liki, Bepondi and Miossu Islands 
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Fig. 2 Research Flowchart  
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Fig. 3. Flowchart of photogramtry method 
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Fig. 4. Simulation of Indonesia territorial change due to the absence of a) Liki, b) Bepondi 

and c) Miossu Islands. 
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Fig. 5. Distribution of SLR rate in Indonesian Seas and the study area from 1993 to 2017 
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Fig. 6. Linear regression plot of SLR rate at a) Liki, b) Bepondi and c) Miossu Islands 
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Fig. 7. Tidal data analysis at a) Liki, b) Bepondi and c) Miossu Islands 

  



 

Fig. 8 a) Orthoimagery, b) DSM and c) DTM of Liki Island 
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Fig. 9 a) Orthoimagery, b) DSM and c) DTM of Bepondi Island 
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Fig. 10 a) Orthoimagery, b) DSM and c) DTM of Miossu Island 

 

  

m m

a) b) c)

Scale =1:4000 Scale =1:4000 Scale =1:4000



 

Fig. 11. Cross section of DSM and DSM of a) Liki, b) Bepondi and c) Miossu Islands 

with simulated tidal correction. Black lines on the left figures represent the cross 

section line on in the right figures. 
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Abstract 

The outermost small islands determine the territorial 

boundary of Indonesia. Liki, Bepondi and Miossu 

Islands are the three northeastern and outermost small 

islands of Indonesia located in the northern part of 

Papua Island. On the other hand, sea level rise as an 

impact of global warming has threatened the existence 

of small islands around the world. In the present study, 

the threat of sea level rise (SLR) on the existence of 

those Islands is estimated from remote sensing method 

which is very useful for quick assessment. We use drone 

photography with photogrametry method to estimate 

the elevation of the three Islands. These elevations were 

corrected by tidal data to estimate the elevation above 

highest high water level.  

 

The linear regression assumption of 25 years sea level 

anomaly data obtained from altimetry satellite from 

1993-2017 was calculated to analyze the rate of SLR. 

The elevations above highest high water level for Liki, 

Bepondi and Miossu Islands are 265.84 m, 103.19 m, 

and 26.37 m respectively. With the rate of sea level rise 

of 4.4 mm/year, 4.4 mm/year, and 4.1 mm/year, the 

threat of SLR on the existence of the three northeastern 

and outer-most small islands of Indonesia is small.  
 

Keywords: Sea Level Rise, Liki Island, Bepondi Island, 

Miossu Island. 

 

Introduction 
Indonesia is the biggest archipelagic state in the world with 

16,056 islands spread within Indonesia region. As in 2017, 

this number of named and positioned islands has been 

officially registered to the United Nations by the Information 

and Geospatial Agency of Indonesia17. As an archipelagic 

state, Indonesian region borders to 10 other countries 

whereas most parts of the border area consist of outermost 

small islands. The Presidential Decree No. 6 of 2017 has 

established as many as 111 islands as outermost small 

islands in Indonesia. The Government Regulation No. 62 of 

2010 on The Use of Outermost Small Islands stated that a 

small island is an island with an area smaller or equal to 2000 

Km2 including its ecosystem unity.  

 

The outer small islands are small islands which have basic 

geographical coordinates that connect the archipelagic sea 

baseline in accordance with international and national law. 

Furthermore, Government Regulation No. 26 of 2008 states 

that the sovereign territory of Indonesia is including the 

outermost small islands that border directly with 

neighboring countries and/or the high seas. Therefore, the 

existence of the outermost and small islands should be 

maintained by the development priority to the outermost and 

small islands in Indonesia.  

 

On the other hand, the world is now facing the common 

threat coming from the global warming. One of the impacts 

of global warming which possibly threat the existence of 

small islands is sea level rise (SLR). Global warming causes 

SLR through 2 mechanisms i.e. the increase of volume and 

mass of sea water16. The increase of water mass is related to 

the melting ice at the poles and gletser as a direct impact of 

increasing temperature on earth due to the increase of green 

house gases concentration in the atmosphere. The increase 

of volume is related to the sea water heating that causes 

thermal expansion of water molecule. International Panel on 

Climate Change reported that in 100 years from 2000, the 

global sea level increase ranges from 15cm to 95 cm. 

Furthermore, based on altimetry satellite observations, from 

1992 the rate of global SLR is ±3.31 mm/year1,7,8,11,14. The 

spatial distribution of SLR is shown by Willis et al16.  

 

Among the areas around the world, western equatorial 

pacific is the area with the highest SLR. The rate of SLR at 

this area can reach 1 cm/year. Thus, northeastern Indonesia 

which is part of the western equatorial pacific, faces the most 

rapid SLR. 

 

Liki, Bepondi and Miossu Islands are the outermost small 

islands in Indonesia located at the northeastern most of 

Indonesia at the western equatorial Pacific (Fig. 1). Liki and 

Bepondi Islands are located at Papua province while Miossu 

island is at West Papua province. The position of these three 

mailto:aninosi@yahoo.co.id
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islands becomes the baseline for determining Indonesia 

territory. Thus, the existence of these three islands should be 

maintained since the position of these islands is vulnerable 

to the threat of SLR.  

 

Furthermore, since Liki and Bepondi Islands are inhabitant 

islands, SLR also can be the threat for people living in these 

islands. In the present study we investigated the potential 

impact of SLR in threatening the existence of Liki, Bepondi 

and Miossu islands estimated from remote sensing approach.  

 

Material and Methods 
First, we simulated the potential loss of Indonesia territory 

assuming the disappearance of Liki, Bepondi and Miossu 

islands. The actual baseline of Indonesia territory is obtained 

from Information and Geospatial Agency of Indonesia. 

According to the Law No. 6 of 1996 on Indonesian Waters, 

The Indonesia territorial line is determined by 12.5 nautical 

miles from the baseline which is determined by the position 

of the outermost islands. Assuming the disappearance of the 

outermost island, the baseline was retreated to the mainland. 

The potential loss of Indonesia territory was estimated by 

calculating the areal size of territorial line before and after 

the disappearance of the outermost island.  

 

For investigating the threat of SLR to the existence of Liki, 

Bepondi and Miossu islands, we conducted 2 main analysis 

depicted in fig. 2. The first analysis is calculating the rate of 

SLR at these three Islands. We used re-processing daily sea 

level anomalies (SLA) level 4 from multi-mission data result 

of altimetry satellites provided by Copernicus Marine 

Environment Monitoring Service20 with the period of 

observation from 1993 to 2017. The spatial resolution of this 

data is 0.25°×0.25°. We composed daily data into yearly 

data. With the basis of yearly data, we calculated the rate of 

SLR per year by using simple linear regression: 

 

baxy +=                                        (1) 

 

where y and x are yearly SLA (m) and year respectively. The 

rate of SLR (m/year) is determined by value of constant ‘a’.  

 

Second analysis is estimating the highest elevation at Liki, 

Bepondi and Miossu island. To reach these three islands, we 

joined the research cruise “Baruna Jaya VIII” owned by 

Research Center for Oceanography, Indonesian Institute of 

Science in the expedition called “Nusa Manggala”. The aim 

of this expedition was to explore the potential resources of 

coastal ecosystem in the outermost small islands at the 

northeastern Indonesia. We joined the second leg of the 

cruise from 14 November to 4 December 2018. We used 

aerial photography taken from drone DJI Phantom 4 Pro 

with photogrametry method to generate Digital Surface 

Model for Liki, Bepondi and Miossu island. The plan was to 

fly the drone from the beach passing the highest topography 

until the other side of the beach for several loops with 80% 

overlapping images.  

 

 
Fig. 1. The position of Liki, Bepondi and Miossu Islands 
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Fig. 2: Research Flowchart 

 

The images of Liki island was taken on 22 November 2018 

at 12.00 local time (LT). Drone was taken off from the beach 

side at position 136’9.76” S and 13844’34.37” E to the 

highest part of the island. The take off altitude was 280 m. 

However, the drone could not reach the other side of island 

due to the limitation of communication signal between the 

drone and the controller. We collected 345 aerial images at 

Liki island. At Bepondi island, the drone took off from the 

highest part of the island at the position 024’12.45” S dan 

13516’5.96” E on 26 November 2018 at 15.00 LT. The take 

off altitude was 50 m. Since it flied from the highest part of 

the island, the drone managed to capture both side of the 

beach with 740 aerial images.  

 

The aerial images of Mioussu island were taken on 1 

December 2019 at 9.00 LT. The drone took off from the 

highest part of island at position 020’49.33” S dan 

13210’12.91” E with 110 m of take off altitude. We 

managed to collect 850 aerial images that covered both side 

of the beach. The aerial images of three islands are then 

processed to obtain High Resolution Orthoimagery, Digital 

Surface Model (DSM) and Digital Terrain Model (DTM). 

 

The image processing to produce Orthoimagery, DSM and 

DTM was conducted by using photogrametry method2,10,12. 

The three dimension format of geographical location, size 

and capture of the object were measured by georeferencing 

orthoimages and Digital Terrain Model13. The accuracy of 

3D model depends on the distribution of Ground Control 

Point (GCP)15. Kung et al6 stated that the accuracy of drone 

photogrametry with and without GCPs ranges from 0.056m 

to 1.25 m and from 1.97 to 7.84 m respectively. In the 

present study, we did not conduct GPS survey for 

determining GCPs due to the limitation of survey duration. 

However, the sea side covered by the drone was used as GCP 

since we assumed that the elevation of sea level is 0 m on 

both side of the sea. The flowchart of photogrametry method 

is shown in fig. 3.  

 

The DTM generated from photogrametry method was then 

corrected by tidal data. UNCLOS (1982) article 121 stated 

that an island is a naturally formed area of land, surrounded 

by water, which is above water at high tide. Thus, tidal data 

was used to project the datum of DTM at the position of 

Highest High Water Level (HHWL). We used 29 days of 

tidal prediction data provided by the Information and 

Geospatial Agency of Indonesia18.  

 

To ensure the accuracy of the tidal prediction data, we 

compared it with tidal observation data and used the tidal 

observation data as reference for tidal prediction data. The 

tidal observation data at Liki Island is recorded by using tide 

logger RBR Duo at position 137’28.48” S dan 

13844’30.62” E for 1.5 days starting from 20 November 
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2018. At Bepondi Island, we used the tidal observation at the 

Biak Island owned by Information and Geospatial Agency 

of Indonesia19 due to the failure of RBR measurement.  

 

The position of tidal observation at Biak Island is 1.1776°S 

and 136.056°E. For Miossu island, we used 2 observation 

data i.e. RBR duo data and visual observation. The position 

of the observation was 0.35135 S dan 132.172613 E. The 

referenced tidal prediction data for each island then was 

analyzed by using admiralty method to obtain the value of 

HHWL and other tidal characteristics. DTM for each island 

was then corrected by HHWL value to obtain the elevation 

of the islands above highest tide. Finally, we simulated the 

the impact of SLR for the existence of Liki, Bepondi and 

Miossu Islands for the next 100 years by using the obtained 

value of SLR rate and the topography of each island.  

Results and Discussion 

Potential area loss due to the absence of the outermost 

small islands: The estimated potential area loss due to the 

absence of Liki, Bepondi and Miossu Islands is 269,456.73 

Ha, 71,007.84 Ha, and 5.997.79 Ha respectively (Fig. 4). 

Thus, total potential area loss of Indonesia territory if these 

three outermost island disappear is 346,462.36 Ha. The loss 

of the outermost small islands in Indonesia can have juridical 

consequences for Indonesia's Exclusive Economic Zone 

(EEZ) with the EEZ of other countries at sea bordering the 

lost island. Overlapping of boundaries between countries can 

occur because of the same claim for an area affected by the 

loss of the island.  

 

The problem of territorial boundaries that might occur as a 

result of this matter will affect the economic aspects in 

relation to area management, administrative aspects of 

government, and the defense/security aspects. 

 

 
Fig. 3: Flowchart of photogrametry method 

 
Fig. 4: Simulation of Indonesia territorial change due to the absence of a) Liki, b) Bepondi and c) Miossu Islands. 
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Determination of continental shelf boundaries can be used as 

a reference in establishing EEZ. Indonesia has the 

characteristics of an archipelagic state based on what is 

stated in Article 46 of UNCLOS, and an archipelagic country 

has special rights or provisions in determining maritime 

boundaries, one of which can be seen from the way of 

establishing archipelagic baselines contained in Article 47 of 

UNCLOS. Other countries that border directly with 

Indonesia in general are coastal countries. Determination of 

the continental shelf boundary between Indonesia and other 

countries that border directly with Indonesia can refer to 

Article 76, 77 and 78 of UNCLOS wherein the Article states 

the coastal state's right to continental shelf.  

 

The solution to the EEZ problem can refer to Article 55 of 

UNCLOS which states that in determining the EEZ 

boundaries, a coastal country must be based on the 

provisions of its rights as a coastal state. Based on this, the 

problem of the boundaries of Indonesia's EEZ with other 

coastal countries should be avoided because Indonesia as an 

archipelagic state has special features in determining 

maritime boundaries based on UNCLOS. 

Sea Level Rise: The distribution of SLR in Indonesian Seas 

is shown in fig. 5. Most of the area within Indonesian Seas 

has rate of SLR by more than 4 mm/year. Especially in the 

Arafura Sea, Savu Sea, Southern coast of Java, and parts of 

Java Sea have SLR rate by more than 5 mm/s. Along the 

northern coast of Papua which becomes our study area, the 

SLR rate is about 4 mm/year. Specifically, for Liki, Bepondi 

and Miossu, their SLR rates are 4.4 mm/year, 4.4 mm/year, 

and 4.1 mm/year respectively (Fig. 6).  

 

Thus, it can be concluded that SLR rate in Indonesian Seas 

is higher than the global average i.e. around 2.8 mm/year7. 

Furthermore, fig. 6 also shows yearly variation of SLA from 

1993 to 2017. The higher anomaly beyond the regression 

line is obtained in 1996, 2000, 2001, 2002, 2008, 2011, 

2012, and 2013. Conversely, in 1993, 1997, 1998, 2015 and 

2016, SLAs tend to be lower than their regression line. These 

features apply for all three islands. The lower (higher) SLA 

corresponds to the occurrence of El Nino (La Nina) years 

which are mentioned in other studies4,5.  

 

 
Fig. 5: Distribution of SLR rate in Indonesian Seas and the study area from 1993 to 2017 
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Fig. 6: Linear regression plot of SLR rate at a) Liki, b) Bepondi and c) Miossu Islands 

 

Tidal characteristic: The comparison between tidal 

prediction data and tidal observation data is shown in fig. 7. 
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Bepondi dan Miossu Island. HHWL values for Liki, Bepondi 

and Miossu Islands are 2.43 m, 3.41 m and 2.66 m 

respectively.  

 

The list of other vertical datum for three islands is also 

presented in fig. 5. It is important to note that these vertical 

datums are based on the local zero reference of the depth of 

tidal measurement at each island. Thus, these datums are 

only used for correcting the elevation of three islands. Tidal 

ranges are 2.0 m, 2.34 m and 2.44 m for Liki, Bepondi and 

Miossu Islands respectively. The Formzahl values for Liki, 

Bepondi and Miossu Islands are 0.697, 0.507 and 0.439 

respectively. These mean that all three islands have tidal type 

of mixed prevailing semidiurnal tide. 

 

 
Fig. 7: Tidal data analysis at a) Liki, b) Bepondi and c) Miossu Islands 
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Fig. 8: a) Orthoimagery, b) DSM and c) DTM of Liki Island 
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Fig. 9: a) Orthoimagery, b) DSM and c) DTM of Bepondi Island 
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Fig. 10: a) Orthoimagery, b) DSM and c) DTM of Miossu Island 

 

 
Fig. 11: Cross section of DSM and DSM of a) Liki, b) Bepondi and c) Miossu Islands with simulated tidal correction. 

Black lines on the left figures represent the cross section line on in the right figures 

 

Topography: The results of photogrametry method are 

demonstrated in fig. 8, 9, and 10 for Liki, Bepondi and 

Miossu Islands respectively. Fig. 8a, 9a and 10a show the 

orthophotos of each island in true color image passing the 

highest area of each island. Vegetation can be easily 

identified by the greenish color and the beach side is denoted 

by the white color. High resolution DSM of each island is 

shown in fig. 8b, 9b, and 10b for Liki, Bepondi and Miossu 

Island respectively. Since the land cover of the three islands 

is dominated by vegetation, ground elevation cannot be 

represented by DSM. In the vegetated area, DSM refers to 

the elevation of tree canopy. To obtain the ground elevation, 

DSM was converted to DTM by auto assessment of land 

pixels and interpolation process.  

 

DTM of each island is presented in fig. 8c, 9c, and 10c. Fig. 

11 shows the cross section of DTM and DSM passing the 

highest elevation of each island. The maximum elevations of 
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Liki, Bepondi and Miossu Islands are 267 m, 106 m and 28 

m respectively. However, it is important to be noted that 

these highest elevation values were measured from the sea 

level at the time when the drone was flying. These values are 

then corrected HHWL value. The simulation of tidal 

correction is depicted in fig. 7. The maximum elevation of 

Liki, Bepondi and Miossu Islands above the highest tide are 

265.84 m, 103.19 m, and 26.37 m respectively.   

 

Simulation of SLR threat to the existence of outermost 

islands: Taking back the earlier result, the prediction of SLR 

in the next 100 years in Liki, Bepondi and Miossu Islands is 

only 40 cm. This value is not comparable with the elevation 

of these three islands. Therefore, the threat of SLR to the 

existence of Liki, Bepondi and Miossu Islands is small.  

 

However, it is important to be noted that since Liki and 

Bepondi Island are inhabitant islands and major human 

activities occur in the coastal plain, SLR may threat the 

people living in Liki and Bepondi Islands. For example, we 

conducted the levelling measurement by using water pass 

method to obtain the elevation of benchmark located in the 

housing area of Liki Island. The elevation of bench mark is 

only 29 cm from HHWL. This means that in the next 100 

years, the housing area can be inundated as an impact of 

SLR. Furthermore, Feagin et al3 stated that SLR may worsen 

the coastal erosion due to change of ocean wave and current 

pattern. However, this possibility still needs to be examined 

further by focusing the investigation on the coastal plain 

where most people are living there. 

 

Conclusion 
The estimated potential area loss due to the absence of Liki, 

Bepondi and Miossu Islands are 269,456.73 Ha, 71,007.84 

Ha, and 5.997.79 Ha respectively. SLR rates for Liki, 

Bepondi and Miossu Islands are 4.4 mm/year, 4.4 mm/year, 

and 4.1 mm/year respectively. HHWL value for Liki, 

Bepondi and Miossu Islands are 2.43 m, 3.41 m and 2.66 m 

respectively. The tidal type pf these three islands is mixed 

prevailing semidiurnal tide.  

 

The highest elevation of Liki, Bepondi and Miossu islands 

from HHWL is 265.84 m, 103.19 m, and 26.37 m 

respectively. Considering the rate of SLR and the elevation 

of the islands, it can be concluded that there is no threat of 

SLR on the existence of the three northeastern and outer-

most small islands of Indonesia. 
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Abstract 

The outermost small islands determine the territorial 

boundary of Indonesia. Liki, Bepondi and Miossu 

Islands are the three northeastern and outermost small 

islands of Indonesia located in the northern part of 

Papua Island. On the other hand, sea level rise as an 

impact of global warming has threatened the existence 

of small islands around the world. In the present study, 

the threat of sea level rise (SLR) on the existence of 

those Islands is estimated from remote sensing method 

which is very useful for quick assessment. We use drone 

photography with photogrametry method to estimate 

the elevation of the three Islands. These elevations were 

corrected by tidal data to estimate the elevation above 

highest high water level.  

 

The linear regression assumption of 25 years sea level 

anomaly data obtained from altimetry satellite from 

1993-2017 was calculated to analyze the rate of SLR. 

The elevations above highest high water level for Liki, 

Bepondi and Miossu Islands are 265.84 m, 103.19 m, 

and 26.37 m respectively. With the rate of sea level rise 

of 4.4 mm/year, 4.4 mm/year, and 4.1 mm/year, the 

threat of SLR on the existence of the three northeastern 

and outer-most small islands of Indonesia is small.  
 

Keywords: Sea Level Rise, Liki Island, Bepondi Island, 

Miossu Island. 

 

Introduction 
Indonesia is the biggest archipelagic state in the world with 

16,056 islands spread within Indonesia region. As in 2017, 

this number of named and positioned islands has been 

officially registered to the United Nations by the Information 

and Geospatial Agency of Indonesia17. As an archipelagic 

state, Indonesian region borders to 10 other countries 

whereas most parts of the border area consist of outermost 

small islands. The Presidential Decree No. 6 of 2017 has 

established as many as 111 islands as outermost small 

islands in Indonesia. The Government Regulation No. 62 of 

2010 on The Use of Outermost Small Islands stated that a 

small island is an island with an area smaller or equal to 2000 

Km2 including its ecosystem unity.  

 

The outer small islands are small islands which have basic 

geographical coordinates that connect the archipelagic sea 

baseline in accordance with international and national law. 

Furthermore, Government Regulation No. 26 of 2008 states 

that the sovereign territory of Indonesia is including the 

outermost small islands that border directly with 

neighboring countries and/or the high seas. Therefore, the 

existence of the outermost and small islands should be 

maintained by the development priority to the outermost and 

small islands in Indonesia.  

 

On the other hand, the world is now facing the common 

threat coming from the global warming. One of the impacts 

of global warming which possibly threat the existence of 

small islands is sea level rise (SLR). Global warming causes 

SLR through 2 mechanisms i.e. the increase of volume and 

mass of sea water16. The increase of water mass is related to 

the melting ice at the poles and gletser as a direct impact of 

increasing temperature on earth due to the increase of green 

house gases concentration in the atmosphere. The increase 

of volume is related to the sea water heating that causes 

thermal expansion of water molecule. International Panel on 

Climate Change reported that in 100 years from 2000, the 

global sea level increase ranges from 15cm to 95 cm. 

Furthermore, based on altimetry satellite observations, from 

1992 the rate of global SLR is ±3.31 mm/year1,7,8,11,14. The 

spatial distribution of SLR is shown by Willis et al16.  

 

Among the areas around the world, western equatorial 

pacific is the area with the highest SLR. The rate of SLR at 

this area can reach 1 cm/year. Thus, northeastern Indonesia 

which is part of the western equatorial pacific, faces the most 

rapid SLR. 

 

Liki, Bepondi and Miossu Islands are the outermost small 

islands in Indonesia located at the northeastern most of 

Indonesia at the western equatorial Pacific (Fig. 1). Liki and 

Bepondi Islands are located at Papua province while Miossu 

island is at West Papua province. The position of these three 

mailto:aninosi@yahoo.co.id
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islands becomes the baseline for determining Indonesia 

territory. Thus, the existence of these three islands should be 

maintained since the position of these islands is vulnerable 

to the threat of SLR.  

 

Furthermore, since Liki and Bepondi Islands are inhabitant 

islands, SLR also can be the threat for people living in these 

islands. In the present study we investigated the potential 

impact of SLR in threatening the existence of Liki, Bepondi 

and Miossu islands estimated from remote sensing approach.  

 

Material and Methods 
First, we simulated the potential loss of Indonesia territory 

assuming the disappearance of Liki, Bepondi and Miossu 

islands. The actual baseline of Indonesia territory is obtained 

from Information and Geospatial Agency of Indonesia. 

According to the Law No. 6 of 1996 on Indonesian Waters, 

The Indonesia territorial line is determined by 12.5 nautical 

miles from the baseline which is determined by the position 

of the outermost islands. Assuming the disappearance of the 

outermost island, the baseline was retreated to the mainland. 

The potential loss of Indonesia territory was estimated by 

calculating the areal size of territorial line before and after 

the disappearance of the outermost island.  

 

For investigating the threat of SLR to the existence of Liki, 

Bepondi and Miossu islands, we conducted 2 main analysis 

depicted in fig. 2. The first analysis is calculating the rate of 

SLR at these three Islands. We used re-processing daily sea 

level anomalies (SLA) level 4 from multi-mission data result 

of altimetry satellites provided by Copernicus Marine 

Environment Monitoring Service20 with the period of 

observation from 1993 to 2017. The spatial resolution of this 

data is 0.25°×0.25°. We composed daily data into yearly 

data. With the basis of yearly data, we calculated the rate of 

SLR per year by using simple linear regression: 

 

baxy +=                                        (1) 

 

where y and x are yearly SLA (m) and year respectively. The 

rate of SLR (m/year) is determined by value of constant ‘a’.  

 

Second analysis is estimating the highest elevation at Liki, 

Bepondi and Miossu island. To reach these three islands, we 

joined the research cruise “Baruna Jaya VIII” owned by 

Research Center for Oceanography, Indonesian Institute of 

Science in the expedition called “Nusa Manggala”. The aim 

of this expedition was to explore the potential resources of 

coastal ecosystem in the outermost small islands at the 

northeastern Indonesia. We joined the second leg of the 

cruise from 14 November to 4 December 2018. We used 

aerial photography taken from drone DJI Phantom 4 Pro 

with photogrametry method to generate Digital Surface 

Model for Liki, Bepondi and Miossu island. The plan was to 

fly the drone from the beach passing the highest topography 

until the other side of the beach for several loops with 80% 

overlapping images.  

 

 
Fig. 1. The position of Liki, Bepondi and Miossu Islands 
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Bepondi Is.

Liki Is.

Papua

West Papua

Pacific Ocean



  Disaster Advances                                                                                                                     Vol. 13 (12) December (2020) 

3 

 
Fig. 2: Research Flowchart 

 

The images of Liki island was taken on 22 November 2018 

at 12.00 local time (LT). Drone was taken off from the beach 

side at position 136’9.76” S and 13844’34.37” E to the 

highest part of the island. The take off altitude was 280 m. 

However, the drone could not reach the other side of island 

due to the limitation of communication signal between the 

drone and the controller. We collected 345 aerial images at 

Liki island. At Bepondi island, the drone took off from the 

highest part of the island at the position 024’12.45” S dan 

13516’5.96” E on 26 November 2018 at 15.00 LT. The take 

off altitude was 50 m. Since it flied from the highest part of 

the island, the drone managed to capture both side of the 

beach with 740 aerial images.  

 

The aerial images of Mioussu island were taken on 1 

December 2018 at 9.00 LT. The drone took off from the 

highest part of island at position 020’49.33” S dan 

13210’12.91” E with 110 m of take off altitude. We 

managed to collect 850 aerial images that covered both side 

of the beach. The aerial images of three islands are then 

processed to obtain High Resolution Orthoimagery, Digital 

Surface Model (DSM) and Digital Terrain Model (DTM). 

 

The image processing to produce Orthoimagery, DSM and 

DTM was conducted by using photogrametry method2,10,12. 

The three dimension format of geographical location, size 

and capture of the object were measured by georeferencing 

orthoimages and Digital Terrain Model13. The accuracy of 

3D model depends on the distribution of Ground Control 

Point (GCP)15. Kung et al6 stated that the accuracy of drone 

photogrametry with and without GCPs ranges from 0.056m 

to 1.25 m and from 1.97 to 7.84 m respectively. In the 

present study, we did not conduct GPS survey for 

determining GCPs due to the limitation of survey duration. 

However, the sea side covered by the drone was used as GCP 

since we assumed that the elevation of sea level is 0 m on 

both side of the sea. The flowchart of photogrametry method 

is shown in fig. 3.  

 

The DTM generated from photogrametry method was then 

corrected by tidal data. UNCLOS (1982) article 121 stated 

that an island is a naturally formed area of land, surrounded 

by water, which is above water at high tide. Thus, tidal data 

was used to project the datum of DTM at the position of 

Highest High Water Level (HHWL). We used 29 days of 

tidal prediction data provided by the Information and 

Geospatial Agency of Indonesia18.  

 

To ensure the accuracy of the tidal prediction data, we 

compared it with tidal observation data and used the tidal 

observation data as reference for tidal prediction data. The 

tidal observation data at Liki Island is recorded by using tide 

logger RBR Duo at position 137’28.48” S dan 

13844’30.62” E for 1.5 days starting from 20 November 
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2018. At Bepondi Island, we used the tidal observation at the 

Biak Island owned by Information and Geospatial Agency 

of Indonesia19 due to the failure of RBR measurement.  

 

The position of tidal observation at Biak Island is 1.1776°S 

and 136.056°E. For Miossu island, we used 2 observation 

data i.e. RBR duo data and visual observation. The position 

of the observation was 0.35135 S dan 132.172613 E. The 

referenced tidal prediction data for each island then was 

analyzed by using admiralty method to obtain the value of 

HHWL and other tidal characteristics. DTM for each island 

was then corrected by HHWL value to obtain the elevation 

of the islands above highest tide. Finally, we simulated the 

the impact of SLR for the existence of Liki, Bepondi and 

Miossu Islands for the next 100 years by using the obtained 

value of SLR rate and the topography of each island.  

Results and Discussion 

Potential area loss due to the absence of the outermost 

small islands: The estimated potential area loss due to the 

absence of Liki, Bepondi and Miossu Islands is 269,456.73 

Ha, 71,007.84 Ha, and 5.997.79 Ha respectively (Fig. 4). 

Thus, total potential area loss of Indonesia territory if these 

three outermost island disappear is 346,462.36 Ha. The loss 

of the outermost small islands in Indonesia can have juridical 

consequences for Indonesia's Exclusive Economic Zone 

(EEZ) with the EEZ of other countries at sea bordering the 

lost island. Overlapping of boundaries between countries can 

occur because of the same claim for an area affected by the 

loss of the island.  

 

The problem of territorial boundaries that might occur as a 

result of this matter will affect the economic aspects in 

relation to area management, administrative aspects of 

government, and the defense/security aspects. 

 

 
Fig. 3: Flowchart of photogrametry method 

 
Fig. 4: Simulation of Indonesia territorial change due to the absence of a) Liki, b) Bepondi and c) Miossu Islands. 

Flight Planing 

(PIX4D capture)
acquisition data

Align Photos Input GCP Optimize Cameras Build Dense Cloud

Build MeshBuild TextureBuild DEMBuild Orthomosaic

Export 

Orthomosaic
DEM Export

Aerial Imagery

Take pictures in the field

Using PIX4D Capture

Processing 

using Agisoft

DEM/DTM

Outer Island

Simulated territorial line change

Simulated base line change

Actual base line

Actual territorial line

Simulated territorial area loss

Land

Pacific Ocean Pacific Ocean Pacific Ocean
a) b) c)



  Disaster Advances                                                                                                                     Vol. 13 (12) December (2020) 

5 

Determination of continental shelf boundaries can be used as 

a reference in establishing EEZ. Indonesia has the 

characteristics of an archipelagic state based on what is 

stated in Article 46 of UNCLOS, and an archipelagic country 

has special rights or provisions in determining maritime 

boundaries, one of which can be seen from the way of 

establishing archipelagic baselines contained in Article 47 of 

UNCLOS. Other countries that border directly with 

Indonesia in general are coastal countries. Determination of 

the continental shelf boundary between Indonesia and other 

countries that border directly with Indonesia can refer to 

Article 76, 77 and 78 of UNCLOS wherein the Article states 

the coastal state's right to continental shelf.  

 

The solution to the EEZ problem can refer to Article 55 of 

UNCLOS which states that in determining the EEZ 

boundaries, a coastal country must be based on the 

provisions of its rights as a coastal state. Based on this, the 

problem of the boundaries of Indonesia's EEZ with other 

coastal countries should be avoided because Indonesia as an 

archipelagic state has special features in determining 

maritime boundaries based on UNCLOS. 

Sea Level Rise: The distribution of SLR in Indonesian Seas 

is shown in fig. 5. Most of the area within Indonesian Seas 

has rate of SLR by more than 4 mm/year. Especially in the 

Arafura Sea, Savu Sea, Southern coast of Java, and parts of 

Java Sea have SLR rate by more than 5 mm/s. Along the 

northern coast of Papua which becomes our study area, the 

SLR rate is about 4 mm/year. Specifically, for Liki, Bepondi 

and Miossu, their SLR rates are 4.4 mm/year, 4.4 mm/year, 

and 4.1 mm/year respectively (Fig. 6).  

 

Thus, it can be concluded that SLR rate in Indonesian Seas 

is higher than the global average i.e. around 2.8 mm/year7. 

Furthermore, fig. 6 also shows yearly variation of SLA from 

1993 to 2017. The higher anomaly beyond the regression 

line is obtained in 1996, 2000, 2001, 2002, 2008, 2011, 

2012, and 2013. Conversely, in 1993, 1997, 1998, 2015 and 

2016, SLAs tend to be lower than their regression line. These 

features apply for all three islands. The lower (higher) SLA 

corresponds to the occurrence of El Nino (La Nina) years 

which are mentioned in other studies4,5.  

 

 
Fig. 5: Distribution of SLR rate in Indonesian Seas and the study area from 1993 to 2017 
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Fig. 6: Linear regression plot of SLR rate at a) Liki, b) Bepondi and c) Miossu Islands 

 

Tidal characteristic: The comparison between tidal 

prediction data and tidal observation data is shown in fig. 7. 

Tidal prediction data provided by Information and 

Geospatial Agency of Indonesia demonstrates good 

agreements both in amplitude and period with the 

observational data for three Islands. Next 29 days of tidal 
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Bepondi dan Miossu Island. HHWL values for Liki, Bepondi 

and Miossu Islands are 2.43 m, 3.41 m and 2.66 m 

respectively.  

 

The list of other vertical datum for three islands is also 

presented in fig. 5. It is important to note that these vertical 

datums are based on the local zero reference of the depth of 

tidal measurement at each island. Thus, these datums are 

only used for correcting the elevation of three islands. Tidal 

ranges are 2.0 m, 2.34 m and 2.44 m for Liki, Bepondi and 

Miossu Islands respectively. The Formzahl values for Liki, 

Bepondi and Miossu Islands are 0.697, 0.507 and 0.439 

respectively. These mean that all three islands have tidal type 

of mixed prevailing semidiurnal tide. 

 

 
Fig. 7: Tidal data analysis at a) Liki, b) Bepondi and c) Miossu Islands 
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Fig. 8: a) Orthoimagery, b) DSM and c) DTM of Liki Island 
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Fig. 9: a) Orthoimagery, b) DSM and c) DTM of Bepondi Island 
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Fig. 10: a) Orthoimagery, b) DSM and c) DTM of Miossu Island 

 

 
Fig. 11: Cross section of DSM and DSM of a) Liki, b) Bepondi and c) Miossu Islands with simulated tidal correction. 

Black lines on the left figures represent the cross section line on in the right figures 
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Liki, Bepondi and Miossu Islands are 267 m, 106 m and 28 

m respectively. However, it is important to be noted that 

these highest elevation values were measured from the sea 

level at the time when the drone was flying. These values are 

then corrected HHWL value. The simulation of tidal 

correction is depicted in fig. 7. The maximum elevation of 

Liki, Bepondi and Miossu Islands above the highest tide are 

265.84 m, 103.19 m, and 26.37 m respectively.   

 

Simulation of SLR threat to the existence of outermost 

islands: Taking back the earlier result, the prediction of SLR 

in the next 100 years in Liki, Bepondi and Miossu Islands is 

only 40 cm. This value is not comparable with the elevation 

of these three islands. Therefore, the threat of SLR to the 

existence of Liki, Bepondi and Miossu Islands is small.  

 

However, it is important to be noted that since Liki and 

Bepondi Island are inhabitant islands and major human 

activities occur in the coastal plain, SLR may threat the 

people living in Liki and Bepondi Islands. For example, we 

conducted the levelling measurement by using water pass 

method to obtain the elevation of benchmark located in the 

housing area of Liki Island. The elevation of bench mark is 

only 29 cm from HHWL. This means that in the next 100 

years, the housing area can be inundated as an impact of 

SLR. Furthermore, Feagin et al3 stated that SLR may worsen 

the coastal erosion due to change of ocean wave and current 

pattern. However, this possibility still needs to be examined 

further by focusing the investigation on the coastal plain 

where most people are living there. 

 

Conclusion 
The estimated potential area loss due to the absence of Liki, 

Bepondi and Miossu Islands are 269,456.73 Ha, 71,007.84 

Ha, and 5.997.79 Ha respectively. SLR rates for Liki, 

Bepondi and Miossu Islands are 4.4 mm/year, 4.4 mm/year, 

and 4.1 mm/year respectively. HHWL value for Liki, 

Bepondi and Miossu Islands are 2.43 m, 3.41 m and 2.66 m 

respectively. The tidal type pf these three islands is mixed 

prevailing semidiurnal tide.  

 

The highest elevation of Liki, Bepondi and Miossu islands 

from HHWL is 265.84 m, 103.19 m, and 26.37 m 

respectively. Considering the rate of SLR and the elevation 

of the islands, it can be concluded that there is no threat of 

SLR on the existence of the three northeastern and outer-

most small islands of Indonesia. 
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