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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 

Flood and tide features atMin River tidal reach are analyzed anda high-resolution flood-tide coupled model which useshigh-
resolution GIS data for Minjiang Estuary with the highest grid resolution of 50-100m at key areas isestablished in this paper. 
Unstructured triangular mesh that can realize the grid resolution of 50-100m at key areas is employed in the model. Zhuqi section 
is chosen for flood boundary,and three numerical experimentsare conducted for June 6 2006 flood process. The experimental 
results indicate that, when coupled with tide and flood, the simulation of each tide gauge agrees very well with measured data 
compared withmodelresults only with flood or tide, and the original tidal features are changedat the different sections in Min 
River tidal reachedby the flood signals. Obvious flood characteristics are shown in Wenshanli and Jiefang Bridge station and 
flood-tidal mixed characteristics are shown in Xianan, Baiyantan and Guantou station.The strong interaction between tide and 
floodoccursin the watercourse (from Xiannan in South Channel to Guantou) because the current velocity is reduced during high 
water time but increasedduringlow water time.  
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1. Introduction 

Min River is the largest river in Fujian Province, which originated in the Wuyi Mountain that is located at the 
junctional zone of Fujian, Jiangxi andZhejiang provinces. The three major confluents including Shaxi River, Jianxi 
River and Futunxi River at Nanping flow into upstream of Min River, and then Min River flows from west to east 
into the East China Sea. 
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Zhuqi hydrological station is an important hydrological research station which is located at the downstream of 
Min River with 54500km3 catchment area1,2. Min River tidal reachis often suffered flood disasters.More than 
tenserious flooddisasters which caused large numbers of people affected and economic losses since 1949 happened 
at Min River tidal reach according to Zhuqi hydrological data3,4. Therefore, flood research and flood-tide interaction 
in Min River tidal reach are important subjects. 

2. Flood-tide coupled model 

2.1. Equations and parameters setting 

ADCIRC solves forms of the shallow-water equations (SWE) for water levels and the vertically-integrated 
momentum equations for currents. The model applies the continuous-Galerkin finite-element method with linear 
triangular elements to discretize and solve the SWE on unstructured meshes, and thus it allows localized refinement 
in regions where the solution gradients are large. The temporal discretization is different for the continuity and 
momentum equations. For the continuity equation, the time derivatives are discretized over three levels, so that the 
solution for the future water level requires knowledge of the present and past water levels. For the momentum 
equation, the temporal discretization is explicit for all terms except Coriolis, which uses an average of the present 
and future velocities5. At every geographic mesh vertex, ADCIRC solves for the water level and the two 
components of the current at an interval of 1s, the time step in this paper. 

The continuity equation is 
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The momentum equations are 
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where  , are the longitude and latitude, H h  is the total water depth,  is the deviation of the water surface 
from the mean, ( VU , ) are the depth-integrated currents, R is the radius of the earth, sin2f is the Coriolis 
parameter,  is the angular velocity of earth rotation, g is the gravitational acceleration, sP is the atmospheric 
pressure at the surface, 0 is the reference density of water,  is the Newtonian equilibrium tidal potential,  is the 
effective earth elasticity factor, ( ,s s   ) are the surface stresses, (   bb , ) are the bottom stresses, 
and  DD , are the momentum dispersion terms. 

Initial conditions: 0u v    . 
Land boundary conditions: normal velocity is equal to zero. 
Open boundary conditions: there are 8 tidal constituents(M2, S2, K2, N2,K1, O1, P1, Q1) whose harmonic constants 

obtained from the global tidal model NAO99. 
For this study, the hybrid bottom friction function is used. The form is more accurate in shallow water and when 
wetting and drying of elements are allowed. The quadratic bottom friction equation that is used with the hybrid 
bottom friction formulation is defined as: 
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with the hybrid bottom friction, the bottom friction coefficient is defined as: 

 

min 1 ,break
f f

HC C
H


      

                                                                                                                      

(5) 

where, Cfminis the minimum friction factor that is approached in deep water when the hybrid bottom friction function 
reverts to the quadratic bottom friction function, Hbreak is the break depth to determine if hybrid function will act like 
a quadratic function or increase with depth similar to a Manning’s type friction, θ is a dimensionless parameter that 
determines how rapidly the hybrid function approaches its upper and lower limits, λ is a dimensionless parameter 
that describes how quickly the friction factor increases as water depth decreases.6  

The Garratt formulas for wind drag coefficient, with a maximum allowable drag coefficient of 0.003. The 
corresponding formulas for wind stress are given below: 
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The one-dimensional dike is taken into the grid. More information about dike overflow has been expounded7, and 

this paper doesn’t repeat it. 

2.2. Flood boundary 

During the flood, assuming each node on flood boundary section is a linear change, then the velocity of law at 
each node: 
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where, *

nu  is the velocity of law on the node； *
nQ  is the flow of law on the node. The flood flow has been averaged 

to the boundary nodes in this paper. 
Based on the following considerations, the section at Zhuqi hydrological station is selected as flood boundary: 

Min River Basin in the Wuyi Mountains, a considerable part of the flood is caused by the import of precipitation on 
both sides of the watercourses from the Shuikou hydropower to the river Zhuqi hydrological station, Zhuqi section 
can eliminate the interference which is close to Minjiang Estuary. 

2.3. Mesh generation 

Unstructured triangular mesh is used to portray complex topography. The whole computational domain includes 
East China Sea and parts of South China Sea. The open boundary resolution is about 20km. The grid resolution at 
Min River tidal rich and its surrounding land areas (land boundaryaltitude is less than 15m) is 50-100m. The domain 
contains 623,033 triangular elements and 322,234 nodes, and approximately 65% nodes distribute in land of 
Minjiang Estuary, as shown in Fig. 1 (a) and (b). 

The water depth andelevation data arecomposed of three parts: (1) bathymetric data with the spatial resolution of 
about 3.5km for the ocean off Fujian coast areas used by NMEFC’s operational storm surge forecasting system; (2) 
high-resolution bathymetric data with the spatial resolution of 100m used for the Fujian coastal areas; (3) DEM data 
with the spatial resolution of 5m used for the land areas of Minjiang Estuary. After unifyingthe reference plane 
(mean sea level in the paper), emending andmerging, these data interpolates to the grid. 

Figure1(c) is a topographic map of Minjiang Estuary area, in which the positive value indicates water depth and 
negative value indicates land elevation. Topography of the Min River tidal reach is very complex. There are many 
islands and beaches in the river and many hills on the land. The main channel depth is more than 10m. The high-
resolution grids can accurately portray the topography. 
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