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Abstract 

In the current review, the most pessimistic events of the globe in history are addressed when we present severe impacts caused by storm surges. 
During previous decades, great progresses in storm surge modeling have been made. As a result, people have developed a number of numerical 
software such as SPLASH, SLOSH etc. and implemented routine operational forecast by virtue of powerful supercomputers with the help of 
meteorological satellites and sensors as verification tools. However, storm surge as a killer from the sea is still threatening human being and 
exerting enormous impacts on human society due to economic growth, population increase and fast urbanization. To mitigate the effects of storm 
surge hazards, integrated research on disaster risk (IRDR) as an ICSU program is put on agenda. The most challenging issues concerned such as 
abrupt variation in TC’s track and intensity, comprehensive study on the consequences of storm surge and the effects of climate change on risk 
estimation are emphasized.  In addition, it is of paramount importance for coastal developing countries to set up forecast and warning system and 
reduce vulnerability of affected areas. 
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1. Introduction 

Storm surge, an extraordinary sea surface elevation induced by atmospheric disturbance (wind and atmospheric 
pressure), is regarded as a most catastrophic natural disaster. According to long term statistical analysis, total death 
toll amounted to 1.5 million and property losses exceeded hundred billions USD globally since 18751. They could 
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domain should be adopted to cover the complete typhoon life-cycle in this model, and the regional-scale 
atmospheric model and global tidal model are expected to be coupled in the operational processes. 

The COMCOT (COrnell Multi-grid Coupled Tsunami Model) model has been chosen to develop the storm 
surge operational system because of well-developed advantages like nested-grid scheme, solving nonlinear shallow 
water equations (NSWs) on both Cartesian and spherical coordinates, and calculating inundation with the wet-dry 
cell treatment (Wang and Liu1; Koh et al.2; Li et al.3; Fraster et al.4).  In order to fulfil the operational efficiency, 
Open-Mp (Open Multi-Processing) is adopted in COMCOT model, which efficiency is at least 10 times more than 
the original version (Lin et al.5).  Not only WRF model but also TPXO tidal model (Dushaw et al.6) have been 
coupled in this study. The category-5 2015 Typhoon Soulik is chosen to validate our model accuracy with the 
resolution of 200 meters at coastal regions, and tidal conditions are also considered in our simulations to study the 
interaction between storm surges and tides.  

2. Methodology 

The nonlinear shallow water equations (NSWs) could be adopted to calculate the storm surge propagations when 
we consider storm surge is a kind of long wave because its wavelength is 20 times much longer than the water depth 
(Bode and Hardy7).  Our COMCOT storm surge model includes large-scale wave propagations, near-shore dynamic 
process, nonlinear terms, Coriolis Effect, and bottom shear stresses.  The governing equations in COMCOT storm 
surge model are: 
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where  denotes free surface elevation, h  denotes still water depth, ,P Q indicate momentum flux, ,   denote 
longitude and latitude, H  denotes total water depth ( H h  ), g  indicates gravitational acceleration, w  denotes 
water density, sF  denotes wind shear stress, f  denotes Coriolis coefficient, and bF  denotes bottom friction. 

The tidal information provided by TPXO model are inputted from specified boundaries, so we could consider the 
nonlinear interaction between storm surges and tides at the same time. In order to consider the bottom shear stress, 
Manning’s coefficient is specified as 0.013 in coastal regions. 

3. Results and Discussions 

The storm surges induced by 2015 catogory-5 Typhoon Soulik have been simulated by COMCOT storm surge 
operational model, and the parametric typhoon model is used as forcing terms in this study.  The evolution of storm 
surge generated by Typhoon Soulik before- and after- landfall is plotted in Fig. 1 and Fig. 2.  The large-scale storm 
surges is concentric before making landfall at the Taiwan Island because pressure drop primarily triggers water 
increasing, and then the shape of storm surges is non-symmetric at near-shore regions since wind shear stress turns 
to be the main force after making landfall in Fig. 3.  The simulated storm surges (storm tides minus pure tides) are 
compared with observed surge deviations (observed water elevation minus harmonic tides), and the comparisons are 
in a good agreement in Fig. 4.  In Taiwan coastal regions, the inundation induced by storm tides and tides are also 
analyzed with nonlinear shallow water equations in Fig. 5.  The water elevation increases at least 0.3 m in Pintung 
because of Tpyhoon Soulik and causes surge inundation at low-lying areas and estuaries. 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.piutam.2017.09.011&domain=pdf
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domain should be adopted to cover the complete typhoon life-cycle in this model, and the regional-scale 
atmospheric model and global tidal model are expected to be coupled in the operational processes. 

The COMCOT (COrnell Multi-grid Coupled Tsunami Model) model has been chosen to develop the storm 
surge operational system because of well-developed advantages like nested-grid scheme, solving nonlinear shallow 
water equations (NSWs) on both Cartesian and spherical coordinates, and calculating inundation with the wet-dry 
cell treatment (Wang and Liu1; Koh et al.2; Li et al.3; Fraster et al.4).  In order to fulfil the operational efficiency, 
Open-Mp (Open Multi-Processing) is adopted in COMCOT model, which efficiency is at least 10 times more than 
the original version (Lin et al.5).  Not only WRF model but also TPXO tidal model (Dushaw et al.6) have been 
coupled in this study. The category-5 2015 Typhoon Soulik is chosen to validate our model accuracy with the 
resolution of 200 meters at coastal regions, and tidal conditions are also considered in our simulations to study the 
interaction between storm surges and tides.  

2. Methodology 

The nonlinear shallow water equations (NSWs) could be adopted to calculate the storm surge propagations when 
we consider storm surge is a kind of long wave because its wavelength is 20 times much longer than the water depth 
(Bode and Hardy7).  Our COMCOT storm surge model includes large-scale wave propagations, near-shore dynamic 
process, nonlinear terms, Coriolis Effect, and bottom shear stresses.  The governing equations in COMCOT storm 
surge model are: 
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where  denotes free surface elevation, h  denotes still water depth, ,P Q indicate momentum flux, ,   denote 
longitude and latitude, H  denotes total water depth ( H h  ), g  indicates gravitational acceleration, w  denotes 
water density, sF  denotes wind shear stress, f  denotes Coriolis coefficient, and bF  denotes bottom friction. 

The tidal information provided by TPXO model are inputted from specified boundaries, so we could consider the 
nonlinear interaction between storm surges and tides at the same time. In order to consider the bottom shear stress, 
Manning’s coefficient is specified as 0.013 in coastal regions. 

3. Results and Discussions 

The storm surges induced by 2015 catogory-5 Typhoon Soulik have been simulated by COMCOT storm surge 
operational model, and the parametric typhoon model is used as forcing terms in this study.  The evolution of storm 
surge generated by Typhoon Soulik before- and after- landfall is plotted in Fig. 1 and Fig. 2.  The large-scale storm 
surges is concentric before making landfall at the Taiwan Island because pressure drop primarily triggers water 
increasing, and then the shape of storm surges is non-symmetric at near-shore regions since wind shear stress turns 
to be the main force after making landfall in Fig. 3.  The simulated storm surges (storm tides minus pure tides) are 
compared with observed surge deviations (observed water elevation minus harmonic tides), and the comparisons are 
in a good agreement in Fig. 4.  In Taiwan coastal regions, the inundation induced by storm tides and tides are also 
analyzed with nonlinear shallow water equations in Fig. 5.  The water elevation increases at least 0.3 m in Pintung 
because of Tpyhoon Soulik and causes surge inundation at low-lying areas and estuaries. 
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