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The Intergovernmental Panel on Climate Change (IPCC) has highlighted through its various
reports not only that sea level rise (SLR) is taking place, but that it is accelerating and will likely
continue to do so through the course of the 20™ century. Much literature has highlighted how this
could have grave consequences for coastal communities and infrastructure (Esteban et al., 2016,
Takagi et al., 2011). This poses a particularly important problem for the case of Tokyo, given how
the land subsidence that took place in the early and mid 20" century has resulted in large parts of
the city being under mean water level. Adaptation to this land subsidence was sequential, and
started with the construction of small concrete walls and other retention structures, which was
followed by the localized elevation of some roads, houses and neighbourhoods. Eventually,
pumping stations were built in order to drain water, which can no longer flow out by gravity, and
this was then followed by the construction of stronger dykes and other water control structures.
Currently, the Tokyo super-levee project is elevating entire districts to place them on top of greatly
enhanced levees, the width of which is much longer than their height.

Throughout the 21 century Tokyo will have to continue to adapt not only to rising water levels,
but also to the potential for typhoons to intensify as a consequence of warmer sea surface
temperatures. Figure 1 shows the present and future probability distribution of typhoon intensity
at Tokyo Bay according to Yasuda et al. (2010), and how a storm with the same return period as
the 1917 typhoon could be expected to have a central pressure of 933.9 hPa by 2100, increasing
the expected generated storm surge by 0.2 — 0.5 m, compared to the 1917 historical event. It is
important to note that, while the city is generally considered to be well-protected against tsunamis,
the effects of SLR will also gradually increase the risk of these events around the Bay (Nagai et
al., 2019). If more onerous sea-level-rise scenarios are considered, such as the 1.9 m given by
Vermeer and Rahmstorf (2009), this would require even higher sea defence to be built to
counteract the expected increase in typhoon intensity, costing in excess of 370 bn yen (see Fig. 2,
Hoshino et al., 2016). In this case, the likely increase in storm surge would be small compared to
the effect of sea level rise, but would warrant even more dramatic adaptation measures to be taken,
which could even include a (very costly and probably environmentally controversial) storm surge
barrier across the entrance of Tokyo Bay (Fig. 2 right see Esteban et al., 2015). This would behave
in a similar way to something like the Thames Barrier, but on a far more massive scale.

It is important to note that considering more onerous scenarios also means that action would have
to be taken earlier, and require for planning of such defences to start within the next decade or
two. The cost of inaction, however, would be even more significant, and potentially in excess of
100 trillion yen (see Fig. 2, around 20 % of the current GDP of Japan), assuming no inflation or
economic growth between now and the year 2100.

The lessons learnt by Tokyo in how to adapt to the relative increase in sea water levels (brought
about by land subsidence) and how to adapt to future SLR holds very important lessons for the
rest of the planet, which could learn much from the successes and challenges the city faces.
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Figure 1. Left. Present and future probability distribution of typhoon intensity at Tokyo Bay according to
Yasuda et al. (2010). The central pressure of a storm similar to that in 1917, and another with the same
return period by the year 2100 are also shown. Right. Expected average storm surge height of a typhoon
with a central pressure of 952.7 hPa (current climate) or 933.9 hPa (year 2100).
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Figure 2. Left. Total economic damage in Tokyo and Kanagawa for different inundation levels. Right.

Proposed location of storm surge barrier by Esteban et al. (2015), together with bathymetry of Tokyo Bay.
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