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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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1. Introduction 

To assess storm surges, there are two conventional types of physics-based numerical models: a decoupled model 
of storm surge, and a coupled model of surge, wave and tide. In the last three decades, coupled models have been 
paid attention to, especially focusing on the interaction of surge, wave and tide. Several studies have introduced 
wind stress as a function of waves (e.g., Janssen1,2). Since then, a number of studies that examined wave-induced 
stress that is directly obtained in coupled models of surge and wave showed the significant improvements of the 
model results while comparing with observation data (e.g., Funakoshi, Hagen, and Bacopoulos3; Kim, Yasuda, and 
Mase4; Zhang and Li5). Wave setup driven by a force of the divergence of radiation stress in the nearshore has also 
been studied with coupled models of surge and wave (e.g., Bertin et al.6; Kim, Yasuda, and Mase7; Mastenbroek, 
Burgers, and Janssen8). It was found that the wave setup induced by the force of the radiation stress is substantial in 
the peak surge level during Typhoon Anita 1970 (e.g., Kim, Yasuda, and Mase7). It was investigated that the tide-
surge interaction is not negligible when estimating local surge levels (e.g., Chen, Wang, and Zhao9; Choi, Eum, and 
Woo10; Kim, Yasuda, and Mase4). Besides the interaction of tide, wave and surge, topographic characteristics (e.g., 
bed slope) also plays an important role in the increase or decrease of wave setup, runup and wind driven surge (e.g., 
Dietrich et al.11; Kennedy et al.12). 

For several decades, climate change impact studies have focused on storm surge studies in Vietnam (e.g., Ninh13; 
Sao14; Thuy15). Conventional ways of two (or three) dimensional nonlinear shallow water equations have been used. 
In other words, in those studies other factors such as tides and waves were not taken into account in the storm surge 
model. Recently, the effect of waves on storm surge has been investigated in Vietnam. Hien et al.16 showed that the 
wave setup induced by the force of the divergence of radiation stress is significant in the storm surge on the coast of 
Haiphong using empirical formula. Thuy et al.17 found that the Typhoon Kalmaegi (2014) surge was significantly 
influenced by the waves on the Haiphong coast in Vietnam, obtained from numerical simulations using a coupled 
model of surge, wave and tide.  

In the present study, the primary factors affecting storm surge on the north coast of Vietnam are quantitatively 
investigated using a coupled model of surge, wave and tide. In the study area, the tidal cycles are diurnal and the 
maximum tidal range is up to 3.6 m. Therefore, the tide is also taken into account in the simulation. The study 
highlights that coupling processes between surge and wave are critical to the prediction of storm surge on the north 
coast of Vietnam and only using a coupled model of surge, wave and tide (e.g., SuWAT developed by Kim et al. 4) 
is able to accurately estimate storm surges. A series of storm surge simulations are conducted for Frankie (1996) and 
Washi (2005) that consider the interaction of surge, wave and tide.  

2. Method 

To analyze the storm surge in the study area, the coupled model of surge, wave and tide (called SuWAT), 
developed by Kim, Yasuda, and Mase4 was used. SuWAT is capable of doing parallel computations for an arbitrary 
number of domains using the Message Passing Interface (MPI). In the present study, three modules of surge, wave 
and tide are integrated into SuWAT as shown in Figure 1 that reveals the information of the flow among the 
modules and the domains. The tidal module provides only boundary conditions to the surge modules in the 
outermost domain. Coupling parameters include open boundary values, internal exchange among modules and 
domains in a machine. The calculations are sequentially carried out from the higher level domain to the lower level; 
the rest of the lower level domains wait for the completion of the higher level domain at a time step. This modeling 
system has been implemented and verified in other studies (e.g., Kim, Yasuda, and Mase7; Kim et al.18,19; Mase et 
al.20). 

2.1. Surge module 

     The surge module solves the depth averaged nonlinear shallow water equations using the staggered Arakawa C 
grid in space and the leap frog scheme in time. The explicit finite difference scheme is used with the upwind method: 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.piutam.2017.09.013&domain=pdf
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1. Introduction 

To assess storm surges, there are two conventional types of physics-based numerical models: a decoupled model 
of storm surge, and a coupled model of surge, wave and tide. In the last three decades, coupled models have been 
paid attention to, especially focusing on the interaction of surge, wave and tide. Several studies have introduced 
wind stress as a function of waves (e.g., Janssen1,2). Since then, a number of studies that examined wave-induced 
stress that is directly obtained in coupled models of surge and wave showed the significant improvements of the 
model results while comparing with observation data (e.g., Funakoshi, Hagen, and Bacopoulos3; Kim, Yasuda, and 
Mase4; Zhang and Li5). Wave setup driven by a force of the divergence of radiation stress in the nearshore has also 
been studied with coupled models of surge and wave (e.g., Bertin et al.6; Kim, Yasuda, and Mase7; Mastenbroek, 
Burgers, and Janssen8). It was found that the wave setup induced by the force of the radiation stress is substantial in 
the peak surge level during Typhoon Anita 1970 (e.g., Kim, Yasuda, and Mase7). It was investigated that the tide-
surge interaction is not negligible when estimating local surge levels (e.g., Chen, Wang, and Zhao9; Choi, Eum, and 
Woo10; Kim, Yasuda, and Mase4). Besides the interaction of tide, wave and surge, topographic characteristics (e.g., 
bed slope) also plays an important role in the increase or decrease of wave setup, runup and wind driven surge (e.g., 
Dietrich et al.11; Kennedy et al.12). 

For several decades, climate change impact studies have focused on storm surge studies in Vietnam (e.g., Ninh13; 
Sao14; Thuy15). Conventional ways of two (or three) dimensional nonlinear shallow water equations have been used. 
In other words, in those studies other factors such as tides and waves were not taken into account in the storm surge 
model. Recently, the effect of waves on storm surge has been investigated in Vietnam. Hien et al.16 showed that the 
wave setup induced by the force of the divergence of radiation stress is significant in the storm surge on the coast of 
Haiphong using empirical formula. Thuy et al.17 found that the Typhoon Kalmaegi (2014) surge was significantly 
influenced by the waves on the Haiphong coast in Vietnam, obtained from numerical simulations using a coupled 
model of surge, wave and tide.  

In the present study, the primary factors affecting storm surge on the north coast of Vietnam are quantitatively 
investigated using a coupled model of surge, wave and tide. In the study area, the tidal cycles are diurnal and the 
maximum tidal range is up to 3.6 m. Therefore, the tide is also taken into account in the simulation. The study 
highlights that coupling processes between surge and wave are critical to the prediction of storm surge on the north 
coast of Vietnam and only using a coupled model of surge, wave and tide (e.g., SuWAT developed by Kim et al. 4) 
is able to accurately estimate storm surges. A series of storm surge simulations are conducted for Frankie (1996) and 
Washi (2005) that consider the interaction of surge, wave and tide.  

2. Method 

To analyze the storm surge in the study area, the coupled model of surge, wave and tide (called SuWAT), 
developed by Kim, Yasuda, and Mase4 was used. SuWAT is capable of doing parallel computations for an arbitrary 
number of domains using the Message Passing Interface (MPI). In the present study, three modules of surge, wave 
and tide are integrated into SuWAT as shown in Figure 1 that reveals the information of the flow among the 
modules and the domains. The tidal module provides only boundary conditions to the surge modules in the 
outermost domain. Coupling parameters include open boundary values, internal exchange among modules and 
domains in a machine. The calculations are sequentially carried out from the higher level domain to the lower level; 
the rest of the lower level domains wait for the completion of the higher level domain at a time step. This modeling 
system has been implemented and verified in other studies (e.g., Kim, Yasuda, and Mase7; Kim et al.18,19; Mase et 
al.20). 

2.1. Surge module 

     The surge module solves the depth averaged nonlinear shallow water equations using the staggered Arakawa C 
grid in space and the leap frog scheme in time. The explicit finite difference scheme is used with the upwind method: 
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