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This study aims at improving the simulation of wind and
waves during storms for wind turbine design and
operations in coastal areas. For this particular purpose,
we investigated the Coupled-Ocean-Atmosphere-Wave-
Sediment Transport (COAWST) Modeling System which
couples the Weather Research and Forecasting (WRF)
Model with the third-generation ocean wave model
(SWAN). A nested function is used in the system. To
understand the impact of the interface parameter, the
roughness length z, , on the modeled storm wind and
waves, several approaches for parameterization of z,
were tested with three chosen storm cases, followed by
validation with wind and wave observations. It is found
that the system captures in general better strong wind
and strong wave characteristics for open ocean
condition than for the coastal condition. The wind range
during these three storms is not sensitive to the
roughness length parameterizations. It was also found,
with the current model setup, using high resolution
gives better results for strong winds both for the open
ocean and coastal sites, but the effect on waves is not
conclusive. High resolution bathymatry data will be
used in future studies to get a better insight of this.

Research Question

What is the optimal setup of a coupled system such as
COAWST for the mid-latitude storm modeling? Will the

nesting function improve the modeling? What is the

best parametrization for z, ?

Model Seetings

Name Resolution z, Coupling
NCPL25 25km Fairall et al(2003) Off
NCPLS5  5km Fairall et al(2003) Off
FCPL25 25km Fan et al(2012) On
FCPLS  5km Fan et al(2012) On
JCPL25 25km Janssen(1991) On
JCPLS okm Janssen(1991) On

Using COAWST version 3.1(Warner, J.C., 2008)

In which, the model coupler is MCT v2.6.0(Model
Coupling Toolkit).

Two models are turned on:

WRF v3.6.1(Weather Research and Forecasting Model)
SWAN v40.91A(Simulating WAves Nearshore)

One-way nested, two domains in WRF, with the
horizontal resolution from 25km to Skm.

One-way nested, two domains in SWAN with the
resolution of 1/8deg. and 1/16 degq.

Initial and boundary condition for WRF is 1x1 deg.
Every 6 hours NCEP FNL data.

SWAN initials from zero spectra. Open boundarys are
set to Jonswap spectrum with Hs=2m, Tp=8s,
Dir=270degq.

Time step for WRF is 100s for the outer domain and
20s for the inner domain.

Time step for SWAN is 300s for the outer domain and
100s for the inner domain.

The data exchange frequency between the two models
Is every 300 seconds.

During the coupling, WRF transfers U,, and V;, to
SWAN while SWAN transfers Hg, T, L,,and z, to WRF.

WRF
Usg MCT Hs,Lp
SWAN

&)
OFFSHORE 221>

ORGANISED BYFEFWEA

The remapping weights between the two models are
calculated by SCRIP—A Spherical Coordinate
Remapping and Interpolation Package. The model
domains and remapping approach is shown in Fig.1.
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Roughness Length Schemes

In this study the z, schemes include Fairall et al(2003),
Fan et al.(2012), and Janssen(1991) schemes.

Fairall et al(2003) is not coupled. The fixed value of the
Charnock parameter (0=0.011) has been replaced by
one with a simple wind-speed dependence above 10
m/s.

Fan et al(2003) is coupled. The Charnock parameter is
fitted by wave age.

Janssen(1991) is also coupled. SWAN uses Janssen’s
wind input source function. It gives out a z, which will
directly used by WRF.

Three storms were tested. They are:

2002/12/22 ~ 2002/12/25, which is an offshore case at
orns Rev. The wind direction mainly from southeast to
northwest.

2003/12/14 ~ 2003/12/16, which iIs an onshore case at
Horns Rev. The wind direction mainly from northwest to
southeast.

2004/03/19 ~ 2004/03/23, which 1s another on shore
case at Horns Rev. The wind direction mainly from
southwest to northeast.

One snapshot for each storm is shown by QSCAT wind
speed(25 km horizontal resolution) as well as model
results.
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From the simulations, the statistics of wind speed and
wind direction at measurement heights, roughness
length, the drag coefficient, the significant wave height,
the wave period, wave age and wave steepness were
calculated for a number of sites (see Fig.1). Here, the
wind speed and direction at measurement height and
the significant wave heights are presented for one
open ocean, deep water site Ekofisk and one coastal,

relatively shallow water site Horns Rev. The simulation
and measurements are shown in Figure 3 and 4 for
Ekofisk and Horns Rev, respectively. The spatial
distribution of the modeled wind field at 10 m has been
compared with all existing QuikScat data at

corresponding time stamps. Fig 2 shows one snapshot
from each storm.

Conclusions

Validation of modeled wind and wave fields using the
nested COAWST system with point measurements as
well as QuikScat data suggest the following:

1) The modeling system does better for storms of
certain strcture than the other (it performs better for
storms from the west than for storms from the north).

2) The storm wind field favors from the nested, high
resolution modeling.

3) The system Is not sensitive to various roughness
length parametrization schemes for the wind speed
range from these three storms.

4) The modeling Is better for the open ocean site than
for the coastal site.

Further investigation will:
1) use higher resolution tests for the coastal zone
2) Include more severe storms

3) use different large scale atmospheric forcing, such
CFSR data

4) use very high resolution bathymatry data for the
coastal area

5) examine heat exchange

6) Include ocean model
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