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Abstract: The Anak Krakatoa is a small volcano located in the Sunda Strait, specifically between the islands of Java
and Sumatra, Indonesia. The Anak Krakatoa is currently still an active volcano. This mountain has erupted
many times and has undergone various changes in its height, shape, and area, with the last eruption in July
2022. This study shows the changes in Anak Krakatoa, especially its shape and size, based on Landsat remote
sensing data from 1990 to 2022. Landsat imageries used in this study are Landsat 5,7, and 8. To obtain
information on the site of Anak Krakatoa, it begins by separating the sea and land around the mountain using
the Normalized Difference Water Index (NDWI). After the land is detected, then the area is calculated. The
volcano reached its minimum area in 1988 and its maximum area in 2022.

1 INTRODUCTION

Anak Krakatoa is a volcano located in the Sunda
Strait between the islands of Java and Sumatra, In-
donesia (Giachetti et al., 2012). The Krakatoa vol-
cano erupted violently in 1883 and caused a tsunami
to run 41 m and caused up to 36000 fatalities (Mu-
taqin et al., 2019), and destroyed 295 settlements
around the Sunda Strait (Bruins et al., 2008). The
eruption also formed a caldera with a depth of 200
to 280 meters below sea level (Umbgrove, 1926).
Krakatoa Island initially consisted of several moun-
tains, namely Mount Rakata, Mount Danan, and
Mount Perboewatan, wherein the incident in 1883,
Mount Danan and Perboewatan erupted (Umbgrove,
1926; Whittaker et al., 1989). After Krakatoa erupted
in 1883, a new volcano appeared in 1927, later re-
ferred to as the Anak Krakatoa (Gardner et al., 2013).

Since Anak Krakatoa first appeared, it has been an
active volcano. Anak Krakatoa has been growing and
developing through volcanic activity. It emerged from
the sea in the same location as the original Kraka-
toa volcano. The emergence of Anak Krakatoa is
believed to have resulted from the same geological
processes that led to the formation of the original
Krakatoa volcano, namely the subduction of the Indo-
Australian Plate beneath the Eurasian Plate. The on-
going eruptions and lava flows from Anak Krakatoa
contribute to the island’s growth. The lava cools and
solidifies, creating new land that expands the size of
the island. Over time, this can significantly grow the

island’s area. However, it’s important to note that vol-
canic activity can also lead to sudden and destructive
events, such as explosive eruptions, landslides, and
tsunamis. Anak Krakatoa erupted 80 times through
effusive and explosive eruptions from 1927 until 2006
(Igan, 2006) with Surtseyan and Strombolian eruption
types (Ginting et al., 2021). In 2018 Anak Kraka-
toa erupted again and was the first eruption after the
1883 eruption, which also resulted in a tsunami (Grilli
et al., 2019). This tsunami also caused damage and
loss of life in the coastal areas of Lampung and Ban-
ten, Indonesia (Grilli et al., 2019). From a volcano
under the sea, Anak Krakatoa grew to about 300 m
above sea level before erupting in 2018 (Ye et al.,
2020). One of the remote sensing data that can be
used in observing the earth’s urface, and the data is
continuous, is Landsat. Landsat was launched in 1972
(Chen et al., 2020) and entered the ninth series in
2022 (Gross et al., 2022). However, not all regions
were recorded in its early mission due to its limita-
tions. For the Anak Krakatoa area, the data that can
be used is data from 1988. Observations and research
on Anak Krakatoa have certainly been very much
done, such as about the tsunami that caused it (Grilli
et al., 2019; Ye et al., 2020), the landscape (Ginting
et al., 2021), its growth (Igan, 2006), the vegetation
(Whittaker et al., 1989), the coral reef (Ferdiansyah
et al., 2019), and many more. This study was car-
ried out to observe the extensive development of the
volcanic island of Krakatoa. To obtain information
on the site of Anak Krakatoa, it begins by separating
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the sea and land around the mountain using the Nor-
malized Difference Water Index (NDWI). Then, use
the Otsu method to monitor the Anak Krakatoa area.
This method can assist in the automatic tracking of
Anak Krakatoa in the future without human interven-
tion. Usually, monitoring is done using visual inter-
pretation.

2 MATERIALS AND
METHODOLOGY

2.1 Location

The research location is on the Anak Krakatoa Vol-
cano Island in the Sunda Strait, Indonesia, as shown
in Fig. 1. Mount Anak Krakatoa itself is administra-
tively located in the South Lampung Regency, Lam-
pung Province, Indonesia (Suwarsono et al., 2019).

Figure 1: The location of the study area, with the upper
inset showing the location of Sunda Strait in Indonesia and
the lower inset showing the location of Anak Krakatoa in
Sunda Strait.

2.2 Methodology

Figure 2 shows the flowchart of the method used for
the study.

Figure 2: Flowchart.

The method can be divided into several parts: data
selection, calculation of the NDWI, Delineation, and
Compute the area of Anak Krakatoa.

• Data Selection
The data used is Landsat data which consists

of several Landsat series, namely Landsat-5,
Landsat-7, and Landsat-8. These three types of
Landsat imagery have a spatial resolution of 30
meters but have a different numbers of bands. The
data selected is cloud and smoke-free, which can
show a clear boundary between Anak Krakatoa Is-
land and the ocean. The data consists of 5-year
intervals from 1988 to 2018 and 1-year intervals
from 2018 to 2022. The reason for choosing 5-
year data intervals is because the eruptions be-
tween these ranges were not too significant until
2018, while the 1-year data is to see more spe-
cific changes per year that occurred after the ma-
jor eruption in 2018. The data used is shown in
Table 1.

Table 1: List of dates and types of Landsat satellites used.

Date Landsat
Type

Date Landsat
Type

1988-03-04 Landsat-5 2018-12-20 Landsat-8
1993-09-26 Landsat-5 2019-11-05 Landsat-8
1998-12-13 Landsat-5 2020-04-29 Landsat-8
2003-05-09 Landsat-7 2021-08-06 Landsat-8
2008-05-30 Landsat-5 2022-07-08 Landsat-8
2013-09-01 Landsat-8

• NDWI
Normalize Difference Water Index (NDWI) is a
method that enhances the water’s presence while
eliminating the presence of vegetation and soil in
remote sensing data (McFeeters, 1996). NDWI
utilizes the NIR channel, which is strongly ab-
sorbed by water and strongly reflected by vege-
tation and soil (McFeeters, 1996). The formula of
NDWI can be seen in equation (1).

NDWI =
GREEN −NIR
GREEN +NIR

(1)

For Landsat-5 and 7, GREEN and NIR are located
in Band 2 and 4, respectively (Chander et al.,
2004; Markham et al., 2004). While in Landsat-
8, the GREEN and NIR are located in Band 3
and 5, respectively (Wang et al., 2017). Figure
3 shows the comparison between the data in RGB
and NDWI.

• Delineation
The delineation is done using manual rather than
automatic delineation or thresholding techniques.
The manual delineation is used because the condi-
tion of Anak Krakatoa itself is pretty active, so in
addition to considering cloud conditions, it must
also consider smoke conditions. In NDWI, it can
eliminate soil and vegetation presence but also
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,
Figure 3: The comparison between the RGB (left) and
NDWI (right) shows that the soil has a darker area than the
water.

eliminate clouds and smoke so that when auto-
matic delineation is carried out, clouds and smoke
will also be detected as land (Choi et al., 2022).
Because of this, it is necessary to select data en-
tirely free of smoke and clouds if using an auto-
mated method, especially the one that intersects
with the coast. Indeed, this will significantly limit
the data that can be used. This deficiency due to
cloud and smoke can be reduced by using SAR
data such as Sentinel-1, but the data availability
is not as much as Landsat data, which Sentinel-
1 was only available in 2014 (Wegnüller et al.,
2016).

3 RESULTS AND DISCUSSION

Changes in the Anak Krakatoa area from 1988 to
2018 as shown in Fig. 4. As can be observed from
1988, the lava flow was more directed to the north
with a significant addition of area from 1988 to 1993.
From 1998, the additional area was more inclined to-
wards the west and south of the island, although not
as wide as the change in previous years.

Figure 4: The change in the area of Anak Krakatoa from
1988 to 2018.

Figure 5 shows the changes that occurred before
and after the eruption in 2018. Here, it can be ob-
served that a region vanishes in the western portion
of the island while there is an expansion of the region
in the eastern part. The increase in the area in the

east region could be caused by ocean currents carry-
ing eruptive material in that direction.

Figure 5: The change of Anak Krakatoa before and after the
eruption on December 2018. The increase and loss of area
have happened in several locations.

Meanwhile, Fig.6 illustrates the shift in the Anak
Krakatoa region between 2019 and 2022. The west is
where the changes are more pronounced. Naturally,
the lava flow entering the region and causing changes
cannot be separated. In other areas, not too much
change has happened. If there are changes such as
abrasion and accretion in other areas of Anak Kraka-
toa, it is most likely due to the influence of ocean cur-
rents.

Figure 6: The change of Anak Krakatoa from 2019 to 2022.

The changes in the area that occurred in Anak
Krakatoa can be seen in Table 2.

Table 2: The area of Anak Krakatoa.

Year Area (ha) Year Area (ha)
1988 251.727 2019 325.936
1993 264.571 2020 328.266
1998 293.334 2021 322.320
2003 295.039 2022 333.550
2008 296.609
2013 300.691
2018 306.829

It is clear that between 1988 and 2018, the area
expanded to 55.102 ha, and from 2019 and 2022, the
area increased to 7.16 ha. The most significant in-
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crease in area is from 2021 to 2022 at 11.23 ha. Al-
though the increase in area from 1988 to 1993 was
greater (12,844 ha), it occurred for five years or had
an average rise of 2.59 ha/year. The fact is that Anak
Krakatoa’s condition has increased yearly in the area
even though there was an eruption in 2018. However,
there is also a decrease in the area from 2020 to 2021,
probably due to soil or rock conditions that are still
unstable and easily carried away by ocean currents.
The growth of the detected vegetation area from 1988
to 2018 also experienced an increase in area. The veg-
etation in Anak Krakatau is on the east side. After the
2018 eruption until 2022, no vegetation has been seen
through Landsat imagery on Anak Krakatoa. Figure
7 shows some of the vegetation conditions of Anak
Krakatoa through true composite color. Table 3 is an
estimate of the area of vegetated areas in Anak Kraka-
toa.

Table 3: Estimated area of vegetation in Anak Krakatoa.

Year Area (ha) Year Area (ha)
1988 23.388 2019 0
1993 36.232 2020 0
1998 52.657 2021 0
2003 57.484 2022 0
2008 61.033
2013 75.951
2018 76.091

Compared with its elevation, Anak Krakatoa loses
more in elevation than in area. In (Saputra et al.,
2021), it was stated that Anak Krakatoa’s height was
338 m to 110 m after the eruption. The condition
of the area certainly, in contrast, has increased from
around 306,829 ha to approximately 325,936 ha.

,
Figure 7: 1988 and 1998.

Figure 8. Vegetation condition (green area) of
Anak Krakatoa that shows the expansion until the
eruption in 2018.

,
Figure 8: 2008 and 2022.

4 CONCLUSION

The condition of the Anak Krakatoa continues to de-
velop from year to year in terms of its area. Despite
the eruption, the volcanic island’s area increased from
around 306.829 ha to approximately 325.936 ha while
its height decreased. During observations using Land-
sat data, the area of Anak Krakatoa had a minimum
size of 251,727 ha in 1988 (the earliest data used) and
a maximum area of 333,550 ha in 2022 (the latest data
that was used). The most significant increase in the
area occurred from 2021 to 2022, with an additional
area of 11.23 ha. For further research, a study will be
carried out using multi-sensor remote sensing data to
monitor Anak Krakatoa’s development.
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