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Abstract

Most volcanic activity is taking place in the oceans. Depending on water depth, eruption recurrence times and volumes, a
new island can form. The power of erosional forces, the type of erupted material and the efficiency of secondary processes
determine the island’s lifetime. Since the famous eruption of Surtsey (Iceland) in 1963, at least another 23 volcanic islands
have appeared. Some islands remained intact for years or decades, whereas others disappeared within just weeks or months.
In this study, we analyzed satellite data to determine growth and erosion rates of the volcanic edifices related to these 24
islands. We combined multi-sensor (optical, thermal, radar) satellite data time series with information from literature and
the Global Volcanism Program database. We developed a comprehensive dataset, including 19 parameters, on the islands’
lifetime, shape, area, volume, eruption style and duration, environmental conditions, development of sedimentary deposits,
and the geomorphic evolution of the island over time. Our dataset is available in a database format. This database allows us
to test eight hypotheses about factors influencing the islands’ lifetime. Our results show that instead of one single critical
factor, a combination of different factors influences the life history of volcanic islands. For instance, we show that larger
islands do not necessarily live longer. The mechanical properties of the eruption products affect the island’s structural integ-
rity. Irrespective of the material, a minimum initial area of around 50,000 m? seems to be a reasonable threshold to give the
island a chance to exist longer.

Keywords Volcanic islands - Multi-sensor remote sensing - Submarine eruptions - Surtseyan - Lifetime - Erosion

Introduction

Construction and erosion of volcanic islands is part of a
natural cycle. There exist countless remnants of volcanic
islands worldwide. It is striking that there is a considerable
difference in the lifetime of the volcanic islands that formed
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in the past centuries. While some islands remain above sea
level, others have eroded within weeks to years and disap-
peared below sea level. Here, we define the island’s lifetime
as the time from its first appearance above sea level to the
time the island is no longer recognizable above sea level.

Explosive volcanic eruptions typically form islands of
loose, unconsolidated tephra, which provide little resist-
ance to wave erosion, leading to quick disappearance of
the islands. A well-known example of a short-lived island,
consisted of unconsolidated tephra, is Graham Island (also
called Isola Ferdinandea), formed in 1831 offshore of Sicily
(Cavallaro and Coltelli 2019).

However, several processes may add to the mechanical
strength of a newborn island: (1) coverage by lava flows,
(2) (partial) welding due to lava flows or shallow intrusions
(Schmidt and Schmincke 2002), and (3) secondary mineral
growth, as glassy volcanic ash (especially ash of basaltic
composition) is very reactive to water (palagonitization).

The still existing Surtsey Island, formed off the south
coast of Iceland during a 3.5-year long eruption, that began
on November 14, 1963, is a good site to study these pro-
cesses (Oskarsson et al. 2020). Surtsey became the type
location for “Surtseyan” eruptions (Walker 1973)—a process
that commonly forms volcanic islands. These eruptions are
characterized by explosive activity (phreatomagmatic/hydro-
volcanic) when ascending magma is coming into intimate
contact with external water under confinement. The asso-
ciated quenching of magma and steam formation typically
forms angular and glassy clasts (Zimanowski et al. 2015).
Five months later, the eruption style changed to predomi-
nantly effusive. Lava flows draped the pyroclastic material
and strongly reduced the erosion rate (Thorarinsson 1964;
Fridriksson 1975; Decker and Decker 1981). In addition,
hydrothermal activity and low-temperature (< 100 °C) alter-
ation of the previously unconsolidated basaltic glass (Prause
et al. 2022) into consolidated palagonite tuff increased the
resistance to wave erosion (Jackson et al. 2024).

Island evolution consists of several stages from seamount
to island building, followed by island erosion (Schmidt and
Schmincke 2000). Critical factors in the formation of a new
volcanic island in shallow-water are: the bulk volume of
material erupted, the eruption rate, the eruption duration,
fluctuations in eruption rate, and the effectiveness of ero-
sion processes (e.g., Nunn 1994). Volcano-tectonic struc-
tures may destabilize (location on active fault) or stabilize
(solidified intrusions) an emerging island (Schmidt and
Schmincke 2000). Factors influencing erosion processes
on volcanic islands include the geologic setting, the local
bathymetry, the climate, and especially the material of which
the island is formed (Nunn 1994; Ramalho et al. 2013; Per-
ron 2017). Documenting these parameters and processes can
help describe the lifecycle of emergent volcanic islands.

@ Springer

In this study, we integrate multi-sensor (thermal, optical,
Synthetic Aperture Radar (SAR)) satellite data time series
(available since the 1980s, Fig. 2a) with information derived
from reports on single volcanic events (available in the lit-
erature and the Global Volcanism Program (2025a) data-
base). Using a statistical approach, we investigated volcanic
islands with a range of eruptive styles and settings formed
since 1963.

Investigated newly formed volcanic islands

Worldwide, at least 23 volcanic islands formed since the
“birth” of Surtsey in 1963 (Fig. 1). Some of them were very
short-lived on a human time-scale, i.e., they existed a few
weeks or months only, while others resisted against ocean
erosion for several years or even decades (Fig. 2b).

Against this background, the question arises: What influ-
ence do the various factors have that determine how long a
newly formed volcanic island exists?

We investigated 24 volcanic islands at 12 volcano systems
worldwide (Fig. 1, Table 1): Surtsey, Sholan, Jadid, Home
Reef, Late’iki, Hunga, Kuwae, Kavachi, Fukutoku-Oka-no-
Ba, Iwo Jima, Nishinoshima and Bogoslof. We developed a
database including 19 parameters for these 24 islands (cf.
"Data and methods" section, Table 2, Supp-Tab. 1). Some
islands were formed during eruptions that lasted over 1 year
or even several years. We named the islands after the start
year of the eruption that formed the island, i.e., “Bogoslof
2016” (cf. Fig. 2b).

Satellite observations for monitoring newly formed
volcanic islands

Earth observing satellites allow for global monitoring, which
enables observations of volcanoes located in remote areas
(Poland et al. 2020). Detecting and monitoring the evolu-
tion of a newly formed volcanic island requires satellite
sensors with a spatial resolution appropriate to the island’s
size and area. Figure 2a provides an overview about the
timeline of satellite missions and their spatial resolution
since the launch of the first Landsat satellite in 1972. How-
ever, the early Landsat satellites did not provide systematic
global coverage. Remote areas, where most of the newly
formed volcanic islands are located, were not or very rarely
imaged. Thus, short-lived islands formed in the 1970s are
likely absent from the satellite record. Although coverage,
observation frequency, and spatial resolution increased with
the launch of Landsat 4/5 in 1982/1984, some short-lived
islands that formed in the 1980s—2000s were not captured
by satellites at all, while for other islands, satellite images
with a suitable spatial resolution were acquired only several
years after the islands’ formation (Fig. 2a).
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Fig. 1 Investigated volcanic islands. Background ESRI Basemap

More recent satellite capabilities make the detection of
newly formed islands easier because of increased spatial and
temporal resolution. Constellations of satellites with high
spatial resolution such as PlanetScope, a constellation of
ca. 130 cubesats (3 m), enables daily imaging of the major-
ity of the Earth’s landmass (PlanetLabs 2025)). But, the
observation frequency in remote areas, where many island-
forming volcanoes are located, is much lower.

Modern very high spatial resolution (VHR, < 1 m) com-
mercial optical sensors, such as Pléiades or WorldView and
successors, have capabilities for generating digital surface
models (DSMs) from stereo images. This permits detailed
3-dimensional investigation and volume measurements of
newly formed islands (Garvin et al. 2018). These satellites
require manual data tasking. This, and the high costs of
operational monitoring large areas for short-lived remote
phenomena like new volcanic island formations, requires the
combination of data from VHR sensors with the systemati-
cally acquired Landsat and Sentinel-2 data (10-15 m).

Especially in maritime regions with very high cloud
cover probability, or at high latitudes with limited daylight
during winter, the combination of optical with the weather
and daylight independent VHR SAR sensors enables a high
observation frequency (several days) for the detection and
analysis of the evolution of newly formed volcanic domes
(Walter 2023), crater morphology changes (Angarita et al.
2022), or volcanic islands (Plank et al. 2025), even in remote
areas. SAR interferometry (InSAR) enables the generation of
DSMs and thus the volume estimation of lava flows (Poland
2014; Plank et al. 2023) or islands (Xu et al. 2015).

Infrared sensors such as MODIS (Moderate Resolution
Imaging Spectroradiometer) and VIIRS (Visible Infrared
Imaging Radiometer Suite) enable the systematic detection
of volcanic thermal anomalies on a global scale (Wright
2016; Coppola et al. 2019). Their high observation frequen-
cies with 12 overpasses per day at the equator enable the
monitoring of short-term changes of thermal activity at
newly formed volcanic islands (Plank et al. 2020, 2025).
Near real-time monitoring with infrared sensors on geo-
stationary satellites such as Himawari, Meteosat, or GOES
(Geostationary Operational Environmental Satellite) can
provide precise timing of the onset of an eruption (Genzano
et al. 2023). However, the geostationary sensors are mainly
suited for the analysis of larger volcanic activity in mid to
low latitudes.

The hypotheses

Island formation and persistence are influenced by a range
of geological and environmental processes. Accordingly, we
formulate and test the following hypotheses:

H1: The larger the initial island, the longer is the lifetime
of an island (Nunn 1994).

H2: Due to shorter coastline length, compact circular
islands withstand erosion better than irregular islands.
H3: Islands formed during long-lasting eruptions have a
longer lifetime.

H4: Islands that grew during several eruptive episodes
have a longer lifetime.
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Fig.2 a Timeline of available
satellite sensors and their high-
est spatial resolution: MODIS
(Moderate Resolution Imaging
Spectroradiometer), VIIRS
(Visible Infrared Imaging Radi-
ometer Suite), MSS (Multispec-
tral Scanner), TM (Thematic
Mapper), ASTER (Advanced
Spaceborne Thermal Emission
and Reflection Radiometer),
MSI (Multispectral Imager),
OLI (Operational Land Imager).
b Timeline of island lifetime
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H5: The eruption style and products determine the
island’s lifetime (e.g., Nunn 1994).

H6: Hydrothermal alteration of unconsolidated pyro-
clastic material to palagonite tuff increases islands’
resistance to wave erosion (e.g., Jakobsson et al. 2000;
Heap et al. 2025).

H7: Islands protected by already existing neighbor-
ing islands or by accumulated sediments have a longer
lifetime.

HS8: The environmental conditions, height of sea waves
and wind, etc. influence the islands’ lifetime.
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Data and methods

To analyze the evolution of newly formed islands ("Inves-
tigated newly formed volcanic islands" section), we inves-
tigated the satellite data shown in Fig. 2a, together with
the information available in the scientific literature and in
reports of the Global Volcanism Program (2025a). The
following 19 main parameters were derived for each island
(Tables 1 and 2).
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Results

Satellite images shown in Fig. 3 document the evolution
of selected examples of volcanic islands we analyzed.
See Supp-Fig. 1 for the other islands and Supp-Fig. 3 for
examples of time series. Quantitative parameters following

20°37'W 20°36'W
Landsat-5 (1984-09-17)

/

Q
~—

63°18'30"N

=<
©
i
o

™
©

SO B lricd lava
;‘ ‘dome

_y ‘-h., o -2

Castla Rock

Bogoslof

Fig.3 Examples of satellite images showing the evolution of the
analyzed islands. All images per island are shown at the same
scale. North arrow and coordinates are only given in the first frame
of each sequence. The blue arrow shows the main wave direc-
tion for the period of the islands’ lifetime (parameter #17) accord-
ing to the Copernicus Climate Data Store (https://cds.climate.coper
nicus.eu/). a) Example of a long existing island: relatively slow
erosion processes on Surtsey 1963 monitored by Landsat 5 in Sep-
tember 1984 (first available HR satellite image after the eruption in
1963) and PlanetScope in July 2025 (false-color representation, liv-
ing vegetation red), showing a decrease in the land area. b) Example

20°35'W
N PlanetScope (2025-07-27)

Table 2 are presented in a series of plots below, and are
available in a database format (Supp-Tab. 1).

The relationship between the lifetime (parameter #3) of
the newly formed volcanic islands and the maximum island
area (parameter #6) after the eruption phase (or phases;
cf. Supp-Fig. 2) is shown in Fig. 4. The island of Surt-
sey has existed since 1963 and accumulated a rather large

-

#1992 lava dome
\51926/2&
Jlava dome

Burled lava
don‘ﬂ‘e

Castle Rock

of fast erosion processes: Bogoslof 2016 island after the end of the
2016/17 eruption period monitored by PlanetScope (left April 2018,
right April 2025). ¢) Example for island growth: Nishinoshima 2013
Island monitored by TerraSAR-X (TSX) in November 2013, Novem-
ber 2014 and April 2025. d) Example of island growing, erosion and
destruction: Hunga 2014 Island monitored by RapidEye in November
2014 (shortly before the formation of the 2014 island in mid-Decem-
ber 2014) and by WorldView-2 in November 2020, January 2022 and
February 2022. The island was almost completely destroyed during
an VEI 5 eruption on January 15, 2022

@ Springer
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Fig.3 (continued)

area (2,650,000 m?). The comparable small Late’iki 1995
island (75,000 m?) was also characterized by a long life-
time (> 24 years). Other islands of double and even larger
areas were eroded more quickly, e.g., Home Reef 1984 and
2006, Fukutoku-Oka-no-Ba 1986 and 2021 had lifetimes
of <1 year. In contrast, Sholan 2011, reached a maximum
area between that of Fukutoku-Oka-no-Ba 1986 and Fuku-
toku-Oka-no-Ba 2021 and persisted for over 7 years. Hunga
2009, on the other hand, despite being 3.6 times larger in
area than Sholan, was eroded within only about 400 days.
This comparison shows that, in general, the islands’ area is
not alone the critical factor for a long lifetime.

The islands’ material and types of volcanic landforms
(parameter #11) are another factor of longevity (Figs. 4, 5,

@ Springer

N TSX (2014-11-16)

TSX (2025-04-06)

and 6). Volcanic islands formed of unconsolidated tephra
(crosses) show short lifetimes of around 100 days or less.
Exceptions are the very large Home Reef 2006 and Hunga
20009 islands. Islands formed of lava flows (squares, Home
Reef 2022) and lava domes (diamonds, Late’iki 1995) are
characterized by much longer lifetimes of several years (or
even decades) (cf., hypothesis H5). Kavachi 1978, Iwo Jima
2003 and Nishinoshima 2013 are combinations of different
eruption materials and volcanic landforms, with lava flows
around a primary formed pyroclastic cone (red-filled trian-
gles). Nishinoshima 2013 grew by continued lava flows over
the several years (Fig. 3c).

We also consider the initial island volume (parameter
#7) in comparison with the islands’ lifetime (parameter #3)
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Fig.4 Island lifetime vs. maximum (max.) initial island area shown
in log—log scale for 21 islands for which information about the area
could be derived (cf. Table 1). For the growing islands Home Reef
(HR), Nishinoshima (N) and Hunga, one additional area measure-
ment for each island at a later stage is shown (cf. Supp-Fig. 2 for a
more detailed timeline). FOB =Fukutoku-Oka-no-Ba. Islands still
existing (red letters), islands eroded (black letters). Information
on initial maximum island area from the Global Volcanism Project
(2025) database (italic text) having a higher uncertainty (except for
Surtsey, which is based on airborne measurements) than the area

(Fig. 5). Note that no volume information was available for
five volcanic islands.

The result resembles the area-based analysis. The more
voluminous islands Surtsey and Nishinoshima 2013 have
a long lifetime, followed by Jadid 2013, but larger volume
does not guarantee a longer lifetime (compare, e.g., Home
Reef 2006 to Late’iki 1995).

Further, a qualitative ranking of the islands’ material
(parameter #11), ranging from unconsolidated tephra to
hard lava flows and domes, is compared with the islands’
lifetime (parameter #3). The black box in Fig. 6 shows a
clear clustering of the long-lived islands, mainly formed of
hard material such as lava flows or palagonite tuff. Also, the
islands formed of unconsolidated tephra show a strong clus-
tering at shorter lifetimes (gray box in Fig. 6). Exceptions
are Iwo Jima 2023, Kavachi 1978 and Bogoslof 2016. The
first two formed pyroclastic cones and in addition small lava
flows, but these islands were too small to exist longer (cf.
Fig. 4 and "Discussion of hypotheses" section , hypothesis
H1). Bogoslof, on the other hand, formed a very large island

information derived from satellite data (normal text). Table 1 lists
which satellite data were used for which island. Cf. Figure 2a for
their spatial resolution, which determines the uncertainty of the
area measurements. The uncertainty values are too small to be read-
able in log-log scale. Symbols represent the material/volcanic
landform. Light gray box: islands with areas<2,000 m? and life-
times <2 months; dark gray box: islands with areas< 50,000 m?
. and lifetimes < ~ 100 days (cf. “Discussion of hypotheses” section,
hypothesis H1); black box: long-lived islands of hard material (cf.
hypothesis H5)

mainly built of tuff rings, i.e., easily erodible unconsoli-
dated material, as well as including four smaller lava domes
formed of consolidated material that erodes slower (Figs. 3b,
4; cf., "Discussion of hypotheses" section, hypothesis HS).

Comparison of the normalized shape index S/ (cf. Equa-
tion 1, parameter #8) after the end of the initial eruption
phase with the daily erosion rates (as percentage of the
entire island area, parameter #15) is shown in Fig. 7. The
initial Home Reef 2022 shows an S1=1.03, closely resem-
bling a circle (Supp-Fig. 1k), followed by Late’iki 1995
(Supp-Fig. 1b) and Sholan 2011, Surtsey 1963, Jadid 2013
and Bogoslof 2016 all having an S7~ 1.10. All these com-
pact islands are characterized by a relatively low erosion
rate compared to the irregular or elongated shaped islands
(SI> > 1) like Iwo Jima 2023 and Fukutoku-Oka-no-Ba
2021. An exception is the very small and very short-lived
Home Reef 2015 island, an island that we newly detected
by analyzing time series of RapidEye data (cf. Fig. 4,
"Discussion of hypotheses" section, hypothesis H1). As
initially two islands were formed during the eruption of

@ Springer
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Fig.5 Island lifetime vs. initial
island volume (inx 10.%) in
log—log scale for 14 islands

for which information about

the volume was available (cf.
Table 1). Volume measurements
based on precise Digital Surface
Models (DSMs) (bold), based
on precise area measurements
plus height information (italic
and bold), based on volume
estimates reported in the Global
Volcanism Program (2025a)
database (underlined), estimated
based on area and height infor-
mation reported in the Global
Volcanism Program (2025 a)
database (italic, cf. Table 1).
Symbols represent the material/
volcanic landform (cf. Fig. 4).
Gray box: short-lived islands of
small volumes (cf. “Discussion
of hypotheses” section, hypoth-
esis H1); black box: long-lived
islands of hard material (cf.
hypothesis H5)

Fig. 6 Island lifetime (in log
scale) vs. qualitative ranking
of the island material for 21
islands for which information
about the erupted material

was available. The material
ranges from unconsolidated
tephra to lava flows and domes.
Symbols represent the material/
volcanic landform (cf. Fig. 4).
The percentage of lava and

of pyroclastic material was
considered for islands formed
of different materials (e.g., a
pyroclastic cone and later lava
flows). Thereby, the outside

of the island was weighted
higher. “Error bars” represent
the variability of all material
of “mixed-material” islands.
Gray box: short-lived islands of
unconsolidated material; black
box: long-lived islands of hard
material (cf. hypothesis HS)

@ Springer
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Fig.7 Circle-normalized shape
index (SI) of island perimeter
and area (cf. Equation (1)) vs.
daily erosion as percentage of
the entire island area for 13
islands for which satellite data
and or topographic maps were
available to derive SI. Symbols
represent the material/volcanic
landform (cf. Fig. 4). Red boxes
show eruptions with floating
pumice observed

X Home Reef 2015

4.0%

o o o w w
o 5 o P o
® R ® R X

erosion per day as percentage of entire island area

-
o
X

Sholan 2011

Late'iki 1995
0.5% !’
X

Home Reef 2022 Bogoslof 2016

0.0% a ¢ A8
1.0 11 12
Surtsey 1963 Jadid 2013

Fukutoku-Oka-no-Ba 2021 (Supp-Fig. 1j), this island is
characterized by a very high S/ value.

For islands with available volume/volume change
information, a volumetric erosion rate was calculated.
For all islands that completely eroded, parameter #15 is
the inverse of the island’s lifetime (parameter #3) and
therefore independent of an area or volume-based analy-
sis. For still existing islands, the parameter #15 values
of area and volume-based analysis are similar (maximum
difference < 0.05%).

Figure 8 compares the eruption duration (parameter
#4) with the islands’ lifetime (parameter #3) and addi-
tionally shows information on the VEI (parameter #10)
and whether floating pumice (#9) was observed during the
eruption. Islands with longer lifetimes are mainly charac-
terized by a longer duration of the initial eruption phase.
Surtsey 1963 has by far the longest lifetime and eruption
duration, followed by Nishinoshima 2013 and Bogoslof
2016. Sholan 2011 and Late’iki 1995 had long lifetimes
of several years or even decades but were characterized
by much shorter eruption durations (25 or 19 days). The
short-lived islands at Kavachi Volcano as well as Iwo
Jima 2023, Late’iki 1967 & 2019 were all characterized
by eruption durations of <45 days.

Except for Iwo Jima 2023, the other four eruptions that
produced floating pumice (red in Fig. 8) had short erup-
tion durations. The pumiceous eruptions formed islands
with a relatively high daily erosion rate (Fig. 7) and short
lifetime.

Home Reef 2006

Iwo Jima 2023 A

X | Late'iki 2019

Fukutoku-Oka-no-Ba 2021

2X~{Hunga 2009

Hunga 2014
13 14 1.5 1.6 1.7 1.8 1.9 2.0

circle-normalized shape index (perimeter/area)

Most island-forming eruptions were classified as VEI 2,
followed by VEI 3 and VEI 1. Only Fukutoku-Oka-no-Ba
2021 was a VEI 4.

For islands that formed after the year 2000, Fig. 9 shows
thermal volcanic activity detected by MODIS and/or VIIRS
(parameter #12) as a percentage of the entire lifetime
(parameter #3). Except for Kavachi 2002, where no ther-
mal anomalies were detected by MODIS, for all other 11
islands that formed after the launch of MODIS in December
1999, thermal activity was detected. The highest thermal
percentage value (50%) was registered for Iwo Jima 2023.
For islands with lifetimes longer than 100 days, the amount
of thermal activity shows a clear separation between effusive
and explosive volcanism (cf. "Discussion of hypotheses"
section, hypothesis H5).

To investigate the influence of the environmental condi-
tions on the islands’ lifetime, we analyzed climate observa-
tions taken from the closest climate station (see Supp-Fig. 4;
Table 2, parameter #16). Surtsey and Bogoslof are character-
ized by a subpolar oceanic climate (Cfc), Jadid and Sholan
by a hot desert climate (BWh), Kavachi, Fukutoku-Oka-
no-Ba, Nishinoshima and Iwo Jima by a tropical monsoon
climate (Am), Kuwae, Home Reef, Late’iki and Hunga by a
tropical rainforest climate (Af).

Waythomas et al. (2010) discuss for Kasatochi Island
(Aleutian Arc), the strong erosional effects that large storms
have on the unconsolidated material erupted during the 2008
eruption. The same material dominated during the 2016/17
Bogoslof eruption. Therefore, we selected Bogoslof as an
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Fig.8 Island lifetime vs. initial
eruption duration in log-log
scale for 20 islands for which
information on the eruption
duration was available. The
circle size marks the Volcano
Explosivity Index (VEI). Red
circles and boxes show erup-
tions with floating pumice
observed

Fig.9 Percentage of thermal
volcanic activity in relation-
ship to the entire lifetime of the
volcanic island (in log-scale)
for 11 islands which were
formed after the year 2000
(launch of MODIS December
1999). Islands with lifetimes
longer than 100 days could be
separated into islands with low
percentage thermal activity —
typical for explosive volcanism
(below the red-dotted line) —
and islands with high percent-
age thermal activity — typical
for effusive volcanism (above
the red-dashed line)
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example to show the strong erosional effect of large storm

waves (Supp-Fig. 6).

Supp-Fig. 5 reports the cumulative distribution of the
wave height observed during the periods of the islands’
lifetimes (based on parameter #18). In order to consider
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the strong erosional effect of storms, we derived for each
island the highest 5% of the wave height from the cumu-
lative distribution. Surtsey has the harshest environmental
conditions with a highest-5% wave height larger than 5.5 m
(maximum up to 11.6 m) as well as average wind speeds
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of 9.9 m/s (parameter #19, see Supp-Fig. 3). This is fol-
lowed by Bogoslof and Fukutoku-Oka-no-Ba. Home Reef,
Late’iki and Hunga have similar wave height distributions
(Supp-Fig. 5) and highest-5% wave heights of 2.6 to 2.8 m,
followed by Iwo Jima and Kavachi. Kuwae, Sholan and
Jadid show the lowest values. As the average wind speeds
are with the exception of the high wind speed locations
Surtsey and Bogoslof very similar (~ 6.1 m/s) for the other
islands (cf. Supp-Fig. 4), we focus on the highest-5% wave
heights (parameter #18) for the period of the islands’ lifetime
and compare this parameter with the observed erosion rates
(parameter #15) (Fig. 10).

Discussion

This study offers a systematic remote sensing analysis of
how young volcanic islands persist and erode over time.
For a set of 24 islands, we integrated up to four decades
of multi-sensor satellite observations with data from the
Global Volcanism Program and published studies. Assess-
ing island lifetime, shape, area, volume, and their temporal
evolution allowed us to evaluate eight hypotheses, which are
discussed below after laying out the limitations of this study.
Further, the correlation between the different parameters
was analyzed. In addition, based on our eight hypotheses,
we used timeseries analysis of satellite data of individual
islands and comparative studies between different islands
of the same physical characteristics to roughly project the

Fig. 10 Lower limit of the A
highest-5% of the wave height
during island lifetimes vs. daily
erosion as percentage of the
entire island area (cf. Fig. 7) for 4.0%
20 islands for which informa-
tion about the area and its
change over time was available
(cf. Table 1). Symbols represent
the material/volcanic landform
(cf. Fig. 4). Red boxes show
eruptions with floating pumice
observed

45% | Kavachi 1970

3.5%

3.0%

Iwo Jima 2023
2.5% A

Kavachi 1991

2.0%
Kavachi 1978

erosion per day as percentage of entire island area

Home Reef 1984

1.0%

expected lifetimes of the existing volcanic islands Home
Reef, Bogoslof, Jadid, Surtsey, and Nishinoshima (cf. Sup-
plementary 6, Supp-Tab. 3).

Limitations

The following limitations must be considered for the pre-
sented study. For “older” islands (formed 1960s—1980s) no
satellite observations were available. Visual observations
from ships or airplanes have a higher uncertainty regarding
the length, width, area, and height of an island. Compared
to modern VHR satellite images, such observations are gen-
erally less frequently available, especially in remote areas.
Therefore, for these “older” islands the absolute values have
to be taken with caution. The problem with sparse temporal
sampling and ground-based estimates of island areas is illus-
trated, for example, by the Home Reef formation in August
2006. Initially, an area of ca. 1.770.000 m? was reported
(Global Volcanism Program 2025c¢). However, two months
later the first available high-resolution satellite image by
ASTER showed an area of ca. 260.680 m? (cf. Supp-Fig. 2).
Because unconsolidated tephra was reported as material for
this island, fast erosion is highly likely. However, the daily
erosion rate would have been 1.5%, substantially higher for
the first 2 months compared to the < 0.4% since then. Thus,
we have to consider that the original area might have been
overestimated. An exception for these early years is the well-
documented evolution of the island of Surtsey, due to its
proximity to mainland Iceland, duration of the eruption, and
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keen observations of local volcanologists. Further, the lower
observation frequency of remote regions was also true dur-
ing the early days of the satellite era (1980s—1990s) as the
first satellites with suitable spatial resolution did not cover
the entire globe (cf. "Satellite observations for monitoring
newly formed volcanic islands" section).

For the analysis of the formation of temporary beaches
(hypothesis H7) and of detailed structures on the islands’
surface, VHR data are necessary. While these datasets have
been available since the early 2000s, they mostly come from
commercial satellites that require tasking and lack system-
atic global coverage. The PlanetScope constellation is an
exception, though its 3 m spatial resolution is not sufficient
for detailed analysis. It therefore remains a challenge to
task image acquisitions so that satellite data is systemati-
cally available for monitoring of a newly formed island (cf.
Home Reef 2022; Plank et al. 2025).

Regular and systematic 3D information, required for volu-
metric analysis is available but limited with current satellite
systems. Table 1 provides more details on area and volume
measurements/estimates for each island investigated. Clos-
ing this data gap in the future will require planned tasking of
VHR optical stereo data to be realized promptly with the for-
mation of new volcanic islands for detailed documentation
of their fast and dynamic evolution. A limitation remains
that these data are currently only available commercially,
and they rely on clear-sky conditions. Harmony (Pappas
et al. 2025), a passive SAR sensor planned to fly in bi-static
constellation with Sentinel-1 in order to generate DSMs
more regularly than the existing TanDEM-X mission, will
be a great improvement.

Due to the remote location and sometimes short-lived
phenomena, detailed petrological reports are rare and mostly
available only for Surtsey and Bogoslof. Analysis of samples
collected via an autonomous underwater vehicle after the
erosion of the Late’iki 2019 island (Yeo et al. 2022), is an
exception for such a remote location.

Lastly, we have to consider that our study relies on infor-
mation derived from satellite data, supported by informa-
tion from the literature and the Global Volcanism Program
database, with few direct observations. Our sample size is
relatively small and includes varied conditions, making it
difficult to draw broad conclusions (cf. "Correlation between
investigated parameters" section). However, our synthesis
provides high-level insights and trends about the evolution
of volcanic islands based on their settings.

Discussion of hypotheses
We use our database of volcanic island observations to

assess the hypotheses put forward in "The hypotheses"
section.
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H1: The larger the initial island the longer is the lifetime of
anisland In general, the larger an island, the longer time is
required by ocean waves to erode it. The largest one — con-
sidering the initial size—of our investigated volcano islands,
Surtsey, has the longest lifetime. However, Late’iki 1995
was 35 times smaller and remained intact for 24 years while
other islands of twice or more its area were eroded within
less than a year. As shown in Figs. 4 and 5, which compare
the lifetime of the islands with their areas and volumes, we
can conclude that larger islands do not always live longer.

The material that comprises the island is a key parameter
that determines the island’s lifetime. However, when look-
ing at the smaller islands, we see that a minimum island size
is necessary to withstand erosion from ocean waves and to
remain intact for some time. The very short-lived islands
Home Reef 2015, Kavachi 1970 & 1978 (1-2 months)
were < 2000 m>—too small to remain intact longer (cf. light
gray box in Fig. 4). Even Late’iki 2019, Iwo Jima 2023 and
Kavachi 1991, which were one order of magnitude larger
in area still had lifetimes of <2 months. Most of these
islands were formed of tephra (cones), but on Kavachi 1978
and Iwo Jima 2023 small lava flows were observed. Thus,
these islands were at least partly formed of hard material,
but their initial size was too small to remain intact longer
than 2 months. Independent of the material, our compari-
son of area vs. lifetime suggests that a minimum initial
area of around 50,000 m? might be a reasonable threshold
to give the island a chance to exist longer (cf. dark gray
box in Fig. 4). Just above this threshold lies the initial area
of Home Reef 2022, an island that remained intact 1 year
until it was further expanded in subsequent eruption phases
(Supp-Fig. 1k, Supp-Fig. 2, Plank et al. 2025). However, it
has to be considered that Home Reef 2022 is fully formed
of lava flows, making its lifetime perhaps an upper limit for
this island size.

The island’s height is another critical factor in withstand-
ing erosion. Following Nunn (1994), a certain minimum vol-
ume produced at a certain eruption rate is needed so that a
new island can form. Thus, we also estimate a minimum vol-
umetric threshold. The three short-lived islands with height
information had small volumes: Iwo Jima 2023, Late’iki
1967, and Kavachi 1991. The estimated minimum volumet-
ric threshold based on our results thus lies between these
islands (Late’iki 1967 ~ 800,000 m?; cf. gray box in Fig. 4)
and the initial volume of Home Reef 2022 (~ 1,100,000 m3).

H2: Due to shorter coastline length, compact circular islands
withstand erosion better than irregular islands The com-
parison of the S7 value after the end of the initial eruption
phase with the daily erosion rates (Fig. 7) suggests that all
compact-shaped islands (low S/ values), are characterized
by low daily percentage erosion rates (<0.1%), i.e., a long
lifetime. In contrast, irregular or elongated-shaped islands
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(SI> > 1), like Iwo Jima 2023 and Fukutoku-Oka-no-Ba
2021, are characterized by a higher erosion rate (and there-
fore shorter lifetime). However, this has to be considered
with caution. First, the high erosion rate of Iwo Jima 2023
is due to its very small area (Fig. 4), like Home Reef 2015
(cf. hypothesis H1). This leaves Fukutoku-Oka-no-Ba 2021
as the only example for an island with a high SI value to be
compared with the ones with a lower SI value. From the few
samples we have for this analysis, we cannot determine the
influence that the island’s shape has on its lifetime.

H3: Islands formed during long-lasting eruptions have a
longer lifetime In Fig. 8 the initial eruption duration is com-
pared with the island’s lifetime. In general, it seems that
a long eruption duration supports a longer island lifetime,
as shown by Surtsey 1963, with by far the longest lifetime
and eruption duration (> 3 years), followed by Nishinoshima
2013 and Bogoslof 2016. This is confirmed by a significant
positive correlation between eruption duration and island
lifetime (r=0.85, p=1.08 x 107°<0.05; cf. Supp-Table 2).
However, with Sholan 2011 and Late’iki 1995, there are
islands with a relatively short eruption duration, but a long
lifetime, i.e., the material of which the island is formed
seems to be more important.

H4: Islands that grew during several eruptive episodes have
alonger lifetime During an eruptive episode, an island can
compensate for the lost land that was eroded since the end
of the previous eruption episode. Short response periods of
a volcano and further growth can even enlarge the island to
give it a higher chance to remain intact until the beginning
of the next eruption episode. The still growing island Home
Reef 2022 (Supp-Fig. 1k) and the long-lived Nishinoshima
2013 island, grown during different effusive lava flow erup-
tion episodes (Fig. 3c), are good examples for this process.
As both islands are still in their growing phases, it is difficult
to compare their final lifetime with other islands that had
only one eruption episode. This aspect could be investigated
further in future studies. However, renewed volcanic activity
can also be destructive. For instance, after renewed activ-
ity from November 2021 onwards, Hunga 2014 expanded
very fast (Fig. 3d), but shortly after was destroyed by a VEI
5 eruption on January 15, 2022 (Matoza et al. 2022). The
much less intensive eruption of Late’iki in October 2019
destroyed the remnants of the 1995 lava dome island and
formed the short-lived island Late’iki 2019 (Plank et al.
2020). Renewed activity may also increase the likelihood
of tsunamigenic flank or dome collapses, as was the case on
Anak Krakatau in 2018 (Walter et al. 2019), on Kadovar in
2018 (Plank et al. 2019) or for some of the dome collapse
events on Augustine (Begét and Kienle 1992).

H5: The eruption style and products determine the island’s
lifetime Figs. 4, 5, 6, and 7 show that the erupted material is
the most critical factor impacting the lifetime and the erosion
rate of a volcanic island. We divided our analysis between
islands built of unconsolidated pyroclastic material, which
is easily erodible by ocean waves, versus lava flows/domes,
which are more resistant to ocean wave erosion (Nunn
1994). All islands formed of lava domes and lava flows,
such as Late’iki 1995 and Home Reef 2022 and at a later
development stage Surtsey 1963 and Nishinoshima 2013,
have longer lifetimes of several years or even decades (cf.
black boxes in Figs. 4, 5, and 6). In contrast, islands built
of unconsolidated pyroclastic material had a shorter life-
time of weeks to months except for later-stage hydrothermal
alteration (cf. hypothesis H6). Like Surtsey 1963, layers of
lava mantled the pyroclastic cone of Nishinoshima 2013
after pyroclastic material had built up a barrier between the
eruptive vent and the ocean, and effusive lava flows were
erupted that expanded the island and protected it from ero-
sion (cf.) (Maeno et al. 2021). Fukutoku-Oka-no-Ba 2021
and Bogoslof 2016 were both formed of tuff ring(s), i.e.,
unconsolidated material. While the first one eroded within
less than half a year, the latter still exists after several years.
Besides being over five times larger than Fukutoku-Oka-
no-Ba 2021, during the formation of Bogoslof 2016, also
one cryptodome was emplaced. In addition, Bogoslof 2016
was an expansion of an already existing island including
three lava domes formed in the past (last eruption in 1992;
Waythomas et al. 2020a). Hard rock formed by lava flows or
lava domes can withstand erosion from waves over decades
to centuries, while the unconsolidated deposits get eroded
rather fast, leaving behind the lava dome. For example, Fire
Island, formed during an eruption in 1883, was once a lava
dome surrounded by unconsolidated eruptive material and
is now a sea stack located north of Bogoslof Island (Wayth-
omas et al. 2020Db).

The percentage of thermal activity during the lifetime
of an island gives information about the eruption style
being effusive or explosive. Low thermal percentage val-
ues of < 1% indicate short thermal events and are typical for
explosive activity (cf. red-dotted line in Fig. 9) as was the
case for Fukutoku-Oka-no-Ba 2021 (as confirmed also by
the analysis of time series of HIMAWARI data, cf. Supp-
Fig. 7) (Maeno et al. 2022; Fauria et al. 2023), Hunga 2009
& 2014 (Garvin et al. 2018), Sholan 2011 and Jadid 2013
(Xu et al. 2015). With thermal percentages of >30% (cf. red-
dashed line in Fig. 8), Home Reef 2022 and Nishinoshima
2013 show greater thermal activity during different periods
of their lifetime, typical for effusive eruptions. These two
islands also have longer lifetimes. An exception is the short-
lived Iwo Jima 2023, that shows the highest thermal per-
centage values but has a small footprint and thus remained
not long (cf. hypothesis H1). However, we cannot conclude
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that islands formed by explosive eruptions always have a
short lifetime. Hunga 2014, Sholan 2011, and Jadid 2013 are
examples of long-lived islands initially formed by explosive
activity (cf. hypothesis H6).

All eruptions, where pumiceous pyroclastic products
were generated, formed islands characterized by high ero-
sion rates and a relatively short lifetimes (Figs. 7, 8, and 10).
The occurrence of pumice is indicative of explosive eruptive
activity (Bryan et al. 2004) producing fragmented material
that is easier to erode (unless welded), which negatively
impacts an island’s lifetime.

Analysis of the VEI value does not show any relationship
to island lifetime (Fig. 8). Fukutoku-Oka-no-Ba 2021, the
only VEI 4 eruption, was short-lived, but other islands with
much lower VEI were also short-lived.

H6: Hydrothermal alteration of unconsolidated pyroclastic
material to palagonite tuff increases islands’ resistance to
wave erosion This process is well described for Surtsey
(Prause et al. 2022), where low temperature hydrothermal
activity caused previously unconsolidated tephra to alter to
palagonite tuff, which is very resistant to ocean wave ero-
sion. The process of palagonitization was first described 2
years after the end of the eruption phase (Jakobsson 1972).
This process may be fast and happen in days to weeks, oth-
erwise Surtsey would not have survived the winter storms.
Jakobsson (1972, 1978) reported that the degree of palago-
nitization was about 64% of the total tephra mass within 10
years, which increased to about 80-85% by 1998 (Jakobsson
et al. 2000).

Gravin et al. (2018) assume similar processes for Hunga
2014, also an island with a longer expected lifetime (based
on the measured erosion rate). Similar alteration processes
as on Surtsey were described by Xu et al. (2015) for the
older Zubair islands in the neighborhood of Sholan and
Jadid, for which the authors expected similar alteration pro-
cesses. Our analysis is based on satellite data only; detailed
geochemical data of Sholan or Jadid (besides the general
information on the rock types, dominantly basalt, as reported
in Table 1) were not available. The process of palagonitiza-
tion is chemically controlled. It has been observed on glassy
volcanic ash of basaltic composition (Prause et al. 2022) but
not on rhyolitic glass. We can confirm that Sholan and Jadid
are both long-lived islands, with similar low daily percent-
age erosion rates such as Hunga 2014 and Surtsey (Fig. 7).
Therefore, we can assume that similar alteration processes of
the previously unconsolidated tephra may have started also
on Sholan and Jadid.

When exposed to the surface, hydrothermal deposits in
general can be mapped using multispectral satellite data
(e.g., Gao et al. 2025). Hyperspectral data enable more
detailed analysis. However, a feasibility analysis of the pos-
sibility to map the surface extension of potential palagonite
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tuff on the still existing Jadid Island could be a topic of
future research when more hyperspectral data, from, e.g., the
EnMAP mission, will be available—also over small islands
located in remote areas.

All islands where alteration to palagonite tuff was
reported had lifetimes of several years, like those islands
formed of lava flows and lava domes (cf. black boxes in
Figs. 4, 5, and 6). Consequently, for islands originally
formed of unconsolidated tephra, hydrothermal alteration
to palagonite tuff is a key factor influencing the longevity
of the island.

H7:Islands protected by already existing neighboring islands
or by accumulated sediments have a longer lifetime Several
islands showed the development of “beaches”, i.e., mate-
rial that eroded from the islands and then accumulated on
certain sides of the islands. Examples are Surtsey, where
a “beach” developed on the northeastern side during the
1970s (Fig. 3a, Romagnoli and Jakobsson 2015); Home
Reef 2022, with up to 100 m wide beaches that developed
west and north of the lava flow island (Supp-Fig. 1k); and
Jadid, where sediments eroded from the island developed a
sand bank towards the southeast, which formed a land bridge
to the neighboring island of Saba from April 2019 onwards
(Supp-Fig. 11).

The main wave direction determines where the main ero-
sion happens. As confirmed by oceanographic studies, Surt-
sey is characterized by a prevailing southwestern direction
of coastal waves (Romagnoli and Jakobsson 2015), causing
the main erosion to occur on the western and southern side
of the island (éskarsson et al. 2020) and the aforementioned
accumulation of sediments on the northeastern side. In case
of Home Reef, the main wave direction is from the south-
east (Supp-Fig. 1k), which matches well with main erosion
on this side of the island (Plank et al. 2025) and the accu-
mulation of sediments on the western and northern side.
Sholan 2011, located only 8 km northwest of Jadid 2013,
shows a strong seasonal dependency where the sediments
form beaches. Varying wind and ocean current directions
form beaches on the south of the island during summer and
transport the sediments towards the northern side of the
island during winter (Xu et al. 2015, Supp-Fig. 1g). This
seasonal variation of the accumulated sediments could not
be observed on Jadid 2013, where the aforementioned land
bridge grew over the years towards the southeast (Supp-
Fig. 1i). One reason for this might be that this land bridge is
protected by the much larger neighboring island Saba, which
is only 1 km away from the southeast of Jadid.

Further, the shape of the island is important. Lava flows
(island growing) and erosion processes formed a bay on the
western side of Home Reef in 2023 (Supp-Fig. 1k), where
sediments accumulated.
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In addition, shallow waters and smooth bathymetric relief
are required so that sediments can form “beaches”, as is the
case on the northern side of Surtsey (cf. bathymetry map
in Romagnoli and Jakobsson 2015). For Home Reef there
is no detailed bathymetry information available. However,
overlaying the footprints of the islands formed by the Home
Reef Volcano shows that the Home Reef 2006 island covered
a much larger area which also extended further to the north
and west than the footprint of the island formed in 2022
onwards (Plank et al. 2025). According to observations in
November 2008, the remnants of Home Reef 2006 were only
about 9-10 m below sea level (Global Volcanism Program
2025¢).

Hunga 2014 grew between two already existing islands
Hunga Tonga and Hunga Ha’apai. Accumulated sediments
connected the new cone with the older islands (Garvin et al.
2018). The cone was therefore protected against erosion on
the northeastern and southwestern side. However, the main
wave direction at Hunga is from the southeast (Fig. 3d). An
island formed in 2009 at the same volcano (Hunga 2009)
was eroded rather quickly (within about ~400 days). It was a
peninsula, located on the southern side of the already exist-
ing island Hunga Ha’apai (Supp-Fig. 1f). As the main wave
direction at Hunga is from the southeast, Hunga Ha’apai
island could not work as breakwater for the new peninsula.

We can conclude, that hypothesis H7 cannot be con-
firmed. Accumulated sediments or already existing islands
do not necessarily protect an island from erosion; the sedi-
ments are rather a consequence of low erosion on a certain
side of the island, which is controlled by the main wave
(and wind) direction and the local bathymetry. However,
as exemplary shown for the post-eruptive development of
Kasatochi Island after the 7-8 August 2008; in the case of
the development of wider long-term stable beach, these
beaches can work as a buffer zone between the wave erosion
and the remnants of the original island (Waythomas et al.
2010). Only during large storm events (cf. hypothesis H8)
high storm waves can reach and erode the original island on
the side of beach location. Further, sediments eroded from
the island due to intensive precipitation can accumulate on
these beaches (Waythomas et al. 2010).

H8: The environmental conditions, height of sea waves and
wind, etc. influence the islands’ lifetime Fig. 10 shows the
highest-5% of the wave height during the islands’ lifetime
(derived from the cumulative wave height distribution,
Supp-Fig. 5) and compares it to the daily erosion rates.
Sholan 2011 and Jadid 2013 have the lowest value of the
highest-5% of the wave height and also very low daily per-
centage erosion rates. But similar low daily percentage
erosion rates were observed on Surtsey, the location with
the harshest environmental conditions and highest wave
heights. Furthermore, the Home Reef, Late’iki and Kavachi

volcanoes formed islands several times during the last dec-
ades. While their cumulative wave height distribution and
the highest-5% of the wave heights for the single volcano
locations were stable over time, strong differences in erosion
rates were observed. During the formation of a new island,
as long as magma interacts directly with ocean water in the
hydroexplosive zone (Nunn 1994), unconsolidated pyroclas-
tic material is being erupted. In this phase, the environmen-
tal conditions, especially the wave height, are important for
whether the island can “survive” the initial phase or not.
However, Fig. 10 shows that in the long term the material,
of which the island is formed, is more critical regarding the
average erosion rate than the wave height. But, assuming
the same island volume, eruption rate, material, etc., the
location, where an island is formed, and its environmental
conditions, especially the wave height and the occurrence
of storms, (e.g., North Atlantic vs. Red Sea) would make
a strong difference. The larger the wave, the more energy
expended, resulting in more geomorphic changes. Supp-
Fig. 6 exemplary shows for Bogoslof the strong erosion
effects of large waves.

Correlation between investigated parameters

Not all parameters that influence the islands’ lifetime are
independent from each other. Supp-Tab. 2 (Supplementary
5) shows the Pearson correlation r between the parameters
investigated in this study. Focus is on parameters with
numerical units. Therefore, qualitative parameters such as
the islands’ material or observation of pumice were not con-
sidered in the correlation analysis.

The islands’ area and the eruption duration show a sig-
nificant positive correlation. This can be explained by the
fact that long-lasting eruptions naturally produce a greater
amount of material. There is a strong link between the erup-
tion duration and the islands’ area and volume, with the lat-
ter showing a positive, but not significant correlation with
the eruption duration. Naturally, the parameters island area
and volume are closely linked to each other as shown by the
significant positive correlation (r=0.88). As the percent-
age of daily erosion rate (in 2D and 3D) is calculated using
the islands’ area or volume (cf. Table 2), respectively, there
exists a strong (negative) correlation between the parameters
area and volume with the erosion parameters. As between
area and volume, there is also a strong significant correlation
between the percentage erosion rate measured in 2D and in
3D (r=1).

Eruptions with a higher VEI seem to produce larger
islands as shown by the significant positive correlation
of r=0.61 between VEI and area. The lower correlation
between VEI and island volume could be explained by its
smaller sample size.
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The limited number of samples and the non-linear rela-
tionship between some of the parameters (e.g., island life-
time and area or volume), does not allow for a quantitative
analysis such as multiple linear regression.

Conclusions

By investigating the evolution of 24 newly formed islands
across 12 volcanic systems in the North Atlantic, the West-
ern and Northern Pacific, and the Red Sea, this study ana-
lyzed the factors that influence the lifetime of a volcanic
island.

Starting with the well-known Surtsey Island, formed
south off the coast of Iceland in 1963, we combined multi-
sensor satellite data time series (thermal, optical, and SAR
data) with information from the scientific literature and
databases such as the Global Volcanism Program to collect
information on the islands’ lifetime; eruption style, material,
and duration (including thermal activity and the occurrence
of floating pumice); island shape, area, and volume and their
evolution over time; erosion rate; and the islands’ climate
and environment (wave height).

Based on this comprehensive dataset, we tested eight
hypotheses about factors influencing the lifetime of a newly
formed volcanic island. The “Discussion of hypotheses”
section shows that the islands’ lifetime is determined by
a combination of different factors. Naturally, an island of
a larger volume has a higher chance for a longer lifetime,
assuming the same material. But we could show that the
hypothesis “larger islands live longer” (hypothesis H1) is
not always true. Small lava dome islands existed several
years to decades—much longer than other islands of double
and larger areas formed of unconsolidated tephra that were
eroded within less than one year.

The material (unconsolidated pyroclastic tephra vs. hard
lava) that the island is initially made of is important (hypoth-
esis HS). However, independent of its material, to have a
chance to withstand erosion in the initial post-eruption
phase, an island also needs to exceed minimum area and
volume thresholds (hypothesis H1). The exact thresholds for
these parameters are also influenced by the material.

Our data further indicate that, while a longer eruption
duration is not required to form a long-lasting island, longer
eruption duration (hypothesis H3) correlates with a longer
lifetime as it is typical for effusive eruptions to produce
hard lava that is more resistant to ocean erosion. Moreover,
growth of an island over several eruption episodes every
few months or years generally supports a longer lifetime
(hypothesis H4). However, this does not hold in cases
where the renewed activity includes destructive explosive
eruption. If an island was big enough after the initial erup-
tion to live long enough for hydrothermal activity to alter
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unconsolidated pyroclastic tephra to palagonite tuff, it can
become more resistant to wave erosion (hypothesis H6). This
extends the lifetime of an island.

The influence that the island’s shape has on its lifetime
(hypothesis H2) cannot be determined due to the limited
number of available samples. The hypothesis H7 about the
potential protection by long-term stable beaches or older
islands in the direct neighborhood cannot be confirmed. Fur-
ther, an environment of calm wind and small waves (hypoth-
esis H8) supports a long island lifetime.

We have generated an initial database to investigate the
relationship between the lifetime of volcanic islands and 18
parameters for 24 islands reaching back to 1963. This data-
base is available as Supp-Tab. 1. It will grow as more obser-
vations are made, allowing more opportunities for future
analysis. Future work could extend this database by investi-
gating further parameters such as the slope of the submarine
edifice and the pre-eruption water depth at the summit.

The upcoming SAR mission Harmony will contribute to
a more regular observation of topographic changes on vol-
canoes. In addition, prompt tasking of VHR optical stereo
data is required for a detailed documentation of the fast and
dynamic evolution of new volcanic islands. Regular and sys-
tematic 3D satellite data are the key for quantitative obser-
vations that allow us to better understand the processes of
volcanic island formation and evolution.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00445-026-01987-5.
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