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The Nankai-trough earthquake has been looming at the doors of the Osaka-bay for the last half century and the probability of occurrence has risen to more than 80% in the coming 30 years. The tsunami generated by this earthquake will flood extensively several municipalities including the city of Kobe, one of the main port of the country. In the present contribution, I have simulated a tsunami rising above the 2 m maximum tsunami expected (4 m) to take into account the fact that the tsunami might occur during high-tide and that subsidence may occur, bringing the water level to a relatively higher level. The simulation was conducted by the 2D model NAYS-2D developed at the University of Hokkaido. Results show that even for a 2 m regular tsunami, the flood map underestimate the risk of tsunami flooding and that a large portion of the port area would get flooded.It also shows the influence of microtopography and coastal rivers in driving the tsunami water inland.

Introduction

The Nankai-trough earthquake has been looming at the doors of the Osaka-bay for the last half century and the probability of occurrence has risen to more than 80% in the coming 30 years. Although a major event like the 2011 megathrust earthquake -rupturing a continuity of faults -is expected, even a smaller event would have catastrophic consequences on the coast. In the bay of Osaka, the tsunami has been estimated to take between 70 to 80 minutes to arrive, leaving a large window of opportunity for the rescue teams and evacuation. To seize this chance however, coastal flooding needs to be understood in its globality. It is not going to solely result from the tsunami, but from a combination of elements that could include ground subsidence, concomitant storm…etc.

Coastal flooding has attracted a large body of research, because the sources can either be from land, from the sea or directly through heavy precipitation events; and it is in this vulnerable environment that people have settled their major cities, industrial, economic and human assets, with 1.2 billion people living in coastal areas within 100 m from the sea [START_REF] Small | A global analysis of human settlement in coastal zones[END_REF]. Flooding does not however come only from the water solely, it is the interaction with the land that makes it so unpredictable. Indeed, coastal communities will suffer from regular shoreline erosion and movement, storms, sea-level rise induced erosion and inundation, and tsunamis.

Methods

The Nays 2-D model is a flood model for unsteady 2D depth average flow, which uses curvilinear fitted coordinates (i.e. a Cartesian grid projected over the topography). The model has been developed by Prof. Y. Shimizu from Hokkaido University and it has been widely used for academic and consulting purposes in North Japan. for which h is the water depth, t is time, u is the flow velocity in both the x and the y directions, g is the gravitational acceleration, H is the elevation of the water surface, 𝜏 8 are the shear stress in both x and y directions (directions denoted by n here), and 𝜌 is the density of water, q is the inflow from extra culvert and r is the rainfall. The shear-stress is then described in term of velocity and roughness coefficient (Manning formula). Those basic equations in Cartesian coordinates are then transformed by the code into curvilinear equivalent (for more information, please refer to the solver manual of the Nays-2D Flood model).

Results

The simulation results show that for a tsunami superior to 1 m, extensive flooding will occur on land, especially for the economic zones developed on the reclaimed land of the sea front (Fig. 1). The scenario displayed in Fig. 2 shows the progressive arrival of a wave up to 4 m, following the dynamic of the tsunami simulation at sea provided by the Japanese government. Indeed, the main wave seems to arrive sideway from the Osaka direction. This wave would create an inundation of 1.5 m in the port of Kobe University, and the water in the port itself would rise to 3 m, eventually raising the vessels and dragging them on land. The main weak point of the coastal system however seems to be the waterways and the drain that connect to the sea and provide a perfect highway for the water to invade land from inside, like a Troyan horse would (Fig. 3). This unfortunately results in the tsunami invading areas inland first, before flooding the coastal areas, potentially trapping anyone who would have stayed behind for a longer period of time.

Conclusion

The coastal inundation of the port area of Kobe City is not going to be uniform, but it is going to be driven by the presence of depression on land and waterways, eventually flooding areas inland first, before it does at the coastline itself. Simulations have also shown that the tsunami is most probably going to travel sideways along the coast as well. For evacuation purposes then, people on site should move upland at least behind the Hanshin train line, where the inundation is expected to be relatively limited.

Fig. 1

 1 Fig. 1 Maximum flooding for the Fukae area for a 2 m and a 4 m tsunami (the 4 m tsunami can be a 2 m tsunami + 1 m sea level rise and + 1 m storm or high-tide related sea level increase).
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 2 Fig. 2: Flooding of the coastal area of Kobe University in Fukae, Kobe City.

Fig. 3

 3 Fig. 3 Tsunami flooding flowing upstream in the flood drain In Kobe Nadaku at 90 sec., 490 sec, 790 sec. and 1090 sec. Constrictions in the channel make the water rise to 3 m, while the surrounding flow is only 1.7-2m.