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A depth-averaged, numerical storm-surge model has been developed and configured to provide a stand-alone system to forecast tropical cyclone storm-surges. The primary data requirement for modelling storm surges is accurate surface wind and atmospheric pressure fields, in particular in the vicinity of maximum winds. These fields are inferred from an analytical-empirical cyclone model which require only cyclone position, intensity and size. The model has been adapted to run on a personal computer in a few minutes. The storm-surge model was tested in hindcast mode on tropical cyclones which gave significant surges over the French overseas territories over the period 19751990. The system has been operated since the 1990s in the French Antilles, New Caledonia, the French Polynesia and La Reunion. The model can be used in two different ways. In real-time mode as a tropical cyclone is approaching an island or in climatological mode: a cyclone climatology is used to prepare a data base of pre-computed surges. Keywords: storm surge, tropical cyclone, operational model



1. Introduction



Strong winds, heavy rains and storm surges are the three dangerous effects of tropical cyclones. A storm surge is the elevation of water generated by strong wind-stress forcing and by a drop in the atmospheric pressure. Far from the coast, the surge is mainly controlled by the atmospheric pressure. This effect called the inverted barometer effect is the hydrostatic answer of the ocean. Close to the coast, dynamic effects become pronounced. Local bathymetry, shallow waters and coastline configuration amplify the surge height. The surge may reach several meters. The use of numerical models for the prediction of tropical cyclones storm surges is a well-established technique, and form the basis of operational prediction systems such as the SLOSH model (Jelesnianski et al1) over the United States coast, the BMRC storm surge model (Hubbert et al.2) over the Australian coast, the IIT model (Dube et al.3) in the Bay of Bengal and the Arabian Sea, the JMA storm surge model (Konishi 4) over the Japanese coast. The advent of powerful computers has opened up the possibility of direct use of dynamical models in operational centres. The second WMO International Workshop on Tropical Cyclones5 has recommended stand-alone systems to forecast tropical cyclone storm surges. Such a system was developed for the French tropical overseas territories. It has been operated since the 1990s in the Caribbean (Guadeloupe, Martinique, San Marteen and Saint



Barthelemy), in the French Polynesia, in New Caledonia, in La Réunion and Mayotte. A brief description of the model and of the numerical solution is given in the next section, then the input (bathymetry and atmospheric forcing) is described and validation experiments are analysed. Then two possible ways to use the software are presented. 2. The storm surge model 2.1 Equations



A depth-integrated model has been adopted for the surge prediction. The model is driven by wind stress and atmospheric pressure gradients. It solves the non-linear shallowwater equations written in spherical coordinates: ∂q ∂t
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where q is the depth-integrated current, η is the sea surface elevation, H is the total water depth, f is the Coriolis parameter, Pa is the atmospheric surface pressure, τs is the surface wind stress, τb is the bottom frictional stress, ρ is the density of water, g is the gravitational acceleration and A is the horizontal diffusion coefficient (2000 m2/s ). The surface wind stress components are computed using the quadratic relationship: τ sx = ρa . Cd . W10 .W10 x ,  τ sy = ρa . Cd . W10 .W10 y where W10 x ,W10 y are the horizontal components of wind velocity 10 m above the sea surface, ρa is the saturated air density at 28 °C (ρa = 1.15 kg m-3) and C d is the drag coefficient calculated by the Smith and Banke6 formulation. The bottom stress is computed from the depth-integrated current using a quadratic relationship with a constant coefficient of 0.02 over coral reefs and 0.002 elsewhere.



2.2 Boundary conditions. At coastal boundaries the normal component of velocity is zero. At open boundaries, the sea surface elevation is given by the inverted barometer effect ; a gravity wave radiation condition is used for the current. Tides can be modelled but are not included since the major forecasting requirement is for surge heights above local tides.



2.3 Numerical scheme. The equations are integrated forward in time on an Arakawa C-grid using a splitexplicit finite difference scheme. The integration is split into three different time step : ∆t , ∆t a , ∆t p , with ∆t ≤ ∆t a ≤ ∆t p . In the first step, called adjustment step, wave propagation and Coriolis terms are treated using a semi-implicit (forward-backward) method. Stability is



∆s



obtained with the Courant-Friedrichs-Levy (CFL) condition : ∆t 
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