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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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Abstract  

Recent results concerning transient effects of variation of short sea-surface wave roughness on near-surface turbulent 
wind are briefly outlined. This variation can be caused by oil, surfactants, inhomogeneous currents, internal waves, 
ship wakes, etc. To describe the wind parameters including surface stress and turbulent energy density, we use a direct 
solution of the Reynolds-type equations in the boundary-layer approximation. The solutions include a sharp and 
smooth roughness variation, 2-D surface variation, and a moving slick. The applicability of the theory was verified 
by comparison with laboratory data. Further on, the theory was applied to a problem related to the devastating tsunami 
near Fukushima Daichi in 2011. 
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1. Introduction 

The interaction between wind and sea surface is a classic problem of ocean/atmosphere dynamics. The parameters 
of the wind flow, such as momentum flux and wind drag, are being thoroughly studied, mainly in terms of values 
averaged over the considered area. Wind variations over curved surfaces (hills, long waves) were also studied in detail, 
see, e.g., [1]. Transient problems considered in meteorology are generally focused on sharp changes in the underlying 
terrain; for example, a transition from water surface to shore or from field to forested land (e.g., [2]). Less studied are 
near-surface wind variations over horizontally varying sea roughness which are of importance in many practical cases, 
e.g., for evaluation of wind drift of oil spills and tsunami-caused debris, remote sensing of marine slicks, and others.   

Methodically, most of the studies of horizontal wind variations were based on the two-layer approach (see [1–3] 
and references therein). Here we briefly outline the results based on direct solutions of the Reynolds-type equations 
for wind velocity and turbulent kinetic energy (TKE) simplified for the low boundary layer conditions. This theory, 
partially described in [3], allows to significantly extend the applications of the model, for example, to consider a 
smooth variation of roughness, moving inhomogeneities, two-dimensional “spots”, etc. In some cases the theoretical 
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results are applied to the data of a laboratory experiment and to modeling of wind over the debris floating from the 
Fukushima tsunami. 

2. Basic equations 

         The general configuration of the considered process is shown in figure 1.  
 

 
 
Fig. 1. Schematic of the wind variation over a finite area (spot) of changed roughness. The near-surface air flow 
changes over the spot and this variation can extend beyond the spot. 
 

The starting point is Reynolds equations for an incompressible turbulent flow with neutral stratification [4, 
5]: 
 

    

 

  2

,  ,

,

0.

iji i k
i ij

i j k i

i k i
b

i i k i k z

u u upu K
t x x x x

u u ub b bb K K K
t x x x x x l






    
             

       
               

  

u

u

u

                                                      (1)

                 
Here u is the average air velocity vector, p is pressure, b is the turbulent energy density (TKE), and ij  is the turbulent 
stress tensor. The parameters are:  K is the turbulent exchange (viscosity) coefficient. In the framework of the 
Kolmogorov’s eddy-viscosity closure hypothesis, ,zK l b  lz being the vertical turbulence scale, and the empirical 
coefficients are taken as 0.7b  and  = 0.05 to 0.09 in different realizations. In what follows we use the boundary-
layer approximation, letting / /  and   x z w u      , where u and w are the horizontal and vertical velocity 
components, respectively. Thus, the equations to be studied here are reduced to  
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