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Abstract

Climate change effects are set to increase the risks associated with tsunami events. For nations
vulnerable to tsunami, a sea level rise of only 0.5m presents a dramatically heightened risk
factor for tsunami frequency. Inequitable global investment in disaster-resilient infrastructure
and monitoring leads to a further uneven risk factor for poorer nations vulnerable to coastal
hazards. New research from Japan shows that tsunami prediction using GPS satellites is
technically feasible. This essay presents a case for developing this research into a space-based
tsunami early warning system, encouraging GNSS capability-sharing beyond Japan for the

benefit of the wider Asia-Pacific community.

Explosive emergence; relentless power; cataclysmic destruction. With velocities up to 800
kilometres an hour and crests as high as 30 metres above sea level (NOAA, 2018), tsunamis
are the catastrophic flooding of the ocean onto coastal communities. Tsunami waves have
claimed more lives in the last century than any other natural hazard; over the last 100 years, 58

known events led to a total loss of more than 260,000 lives (UNESCO, 2022).

The effects of climate change are expected to increase the impact of tsunami (Sepulveda, 2021).
While most tsunami are caused by earthquakes (“seismic” tsunami), up to 15% are caused by
other sources, including volcanic eruptions and ice sheet collapse (Cunneen, 2022). Studies
have found that climate change is likely to increase the number of volcanic eruptions (Swindles,

2017) and heighten the tsunami risks associated with rising sea levels (Alhamid, 2022). For



example, one recent case study has found that a sea-level rise of only half a metre would double

the tsunami hazard in the low-lying coastal city of Macau (Li, 2018).

This increasing threat of tsunami charts across a map of vulnerable nations. Coastal areas are
more densely populated than inner lands, with higher rates of population growth and
urbanisation (Neumann, 2015). At the same time, an uneven global poverty distribution has 15
developing countries containing over 90% of the world’s coastal low-elevation poor (Barbier,
2015). This combination of high coastal human density and poverty presents a ‘perfect storm’
for future high-casualty tsunami disasters in these countries, as higher population and lesser

investment leads to poorer outcomes for evacuation (Makinoshima, 2020).

Efforts to mitigate losses from tsunami focus on maximising rapid tsunami warning systems
(TWS). However, the current systems used will not be sufficient for effectively warning the

most vulnerable communities about varied future tsunami types.

Current tsunami warning systems broadly fall under two categories: seismic warnings and
direct observations. Seismic warnings form the basis of major warning systems (e.g.
UNESCO’s Pacific Ocean TWS !, Japan’s TWS ?2), where data from earthquake sensors is
extrapolated to predict the chances of a triggered tsunami. This system provides a reliable
indication that a tsunami is coming, if the tsunami is triggered by a seismic event. Tsunami
from other causes, however, are not necessarily detected. Even then, since only the initial
earthquake is measured, tsunami height, severity, and location predictions are unreliable by
this method alone (Kanai, 2022). It also cannot directly provide predictions about secondary
and later tsunami waves, which can be larger and more deadly than the initial tsunami (Geist,

2022).

Direct tsunami observations are therefore needed to supplement seismic monitoring. Current
systems include water buoys and sea floor pressure sensors. A large number of these are needed
for comprehensive coverage, and the cost (~US$ 3M/buoy) (Mulia, 2020) may prove
prohibitive for some developing nations. Buoys also have a short lifespan of 1-2 years

(Gonzalez, 2005) and require continual investment, presenting similar problems; Indonesia’s

! https://www.tsunami.gov
2 https://www.data.jma.go.jp/svd/eqev/data/en/tsunami/tsunami_warning.html



entirely buoy-based TWS is considered to have failed in the case of the 2018 tsunami due to a
lack of maintenance (Titov, 2021). A more reliable and accessible method of tsunami warning

is therefore urgently needed for emerging tsunami risk areas.

A satellite-based tsunami early warning system

A space-based tsunami early warning system presents a low-cost, low-maintenance, and high
coverage solution to the global tsunami monitoring problem. Recent research from Japan shows
that such a system may be possible through observations of tsunami ionospheric holes (77H),
which are depressions in atmospheric electron rates detectable through simple GPS satellite
observations (Kamogawa, 2016). This is a physical phenomenon where rising waves in water
disturb and suppress ion production in the atmosphere above (Shinagawa, 2013). GPS signals
propagate differently through these ‘holes’ compared to the normal atmosphere, and so they

can be detected by standard GPS receivers, as illustrated in Figure 1 (Kanai, 2022).
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Figure 1: Formation and GPS detection of a tsunami ionospheric hole (Kanai, 2022)



New research from Kanai et al (2021) has demonstrated that by building a statistical system,
GPS measurement of TIHs can now be used to accurately estimate the dimensions of a tsunami
with up to 10 minutes’ notice, completely independently of any other resources. Crucially, this
model can be used even with a very small number of available GPS receivers, and so is equally
applicable globally and with no additional infrastructure. What this means is a technically
feasible, space-based system for tsunami warnings; a system that is low-cost, low-maintenance,

and high-coverage.

Three forms of support would be needed to bring this new space application to full potential.
Firstly, further research is needed to build a practically implemented system. Secondly, while
the number of GPS points needed for the system to work is now very small, the reliability is
improved with a greater number of data points. Increasing access to GNSS in target areas could
therefore improve the efficacy of the system. Japan in particular has extensive expertise in the
use and maintenance of GNSS systems for tsunami monitoring and response, and is therefore
encouraged to engage in capability-sharing and investment across the Asia-Pacific region in

light of the increasing regional threat from tsunami in the future.

Finally, the United Nations has already established a seismic network for tsunami early
warning in the Pacific Ocean 3, and is establishing one in the Indian Ocean *. The United
Nations could look to include space-based tsunami warnings as part of a future unified tsunami
warning system, ideally through coordination between UNOOSA and UNESCO. Such a
system could include automated multi-source warnings and capability-building for

interpretation and response in developing countries.

As tsunami threats grow with the effects of climate change, so does the vulnerability of the
world’s poorer low-lying coastal regions. With investment, research, and integration, a new
GPS-based space system for international tsunami warning and response may be a new tool to
bring life-saving space benefits to people on Earth. Low-cost, low-maintenance, and high-
coverage, this system could be the right solution for tsunami disaster prevention in our most

threatened communities.

3 https://www.tsunami.gov
4 https://iotic.ioc-unesco.org/what-is-iotws/
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