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Numerical simulations on surface roughness lengths and drag coefficients under typhoons
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Numerical simulations for Typhoons Choi-wan in 2009 and Fanapi in 2010 were performed using a nonhydrostatic atmosphere
model coupled with wave and multi-layer ocean models to investigate the variation in surface roughness length under typhoons.
Surface roughness lengths were calculated by the formulation which is a function of wave steepness proposed by Taylor and
Yelland (2001). This study addresses surface roughness lengths and drag coefficient under the two typhoons.

The computational domain was 3240 km x 3960 km with a horizontal grid spacing of 6 km for Choi-wan and was 2000 km x
1800 km with a horizontal grid spacing of 2 km for Fanapi. The model had 40 vertical levels with variable intervals from 40 m
for the lowermost (near-surface) layer to 1180 m for the uppermost layer for both typhoon simulations. The model had maximum
height approaching nearly 23 km. The time step of the nonhydrostatic atmospheric model was 15 s for Choi-wan and 6 s for
Fanapi. The length of the time step of the ocean model was six times that of the nonhydrostatic atmospheric model. The initial
depth of the mixed layer was determined from oceanic reanalysis data, calculated using the MRI ocean variational estimation
(MOVE) system (Usui et al., 2006). The integration time was 96 hours for Choi-wan and 72 hours for Fanapi.

The dependency of 10-m wind speed indicated that surface roughness lengths and drag coefficients were saturated or leveled
off when a 10-m wind speed was high. These saturated or capped level of surface roughness lengths and drag coefficients varied
on the intensity of the typhoon and its phase. This implies that the saturated or capped level of surface toughness lengths and
drag coefficients are not determined from the magnitude of 10-m wind speed but the structure and phase of (simulated) typhoon.

During the intensification of Fanapi (at 24-hour integration), surface roughness lengths and drag coefficients were high where
both 10-m wind velocity and wave heights were high. Each horizontal distribution of 10-m wind velocity, surface roughness
lengths, drag coefficients and hourly precipitation had a wave-number-1 pattern. When Fanapi approached the Miyako island,
south of Japan, at 48-hour integration, surface roughness lengths and drag coefficients were high on the north side from the
Fanapi’s center, while 10-m wind velocity and 1-hour precipitation were high on the east from the center, against the moving
direction of the storm. Wave heights were high along and on the right side of the track behind the storm, probably due to wave-
near-inertial current interactions. A difference of the location between high surface roughness lengths/drag coefficients and high
wave heights was also found at 60-hour integration when the storm approached the Ishigaki island.

In fact, simulated central pressures tended to be low compared with the best track central pressures for Choi-wan. In addition,
simulated tracks had a northward bias and simulated central pressures tended to be high compared with the best track and its
central pressures for Fanapi. Nonetheless, it is of importance that surface roughness lengths are closely related to drag coefficients
in spite that the drag coefficients are calculated not only by surface roughness length, but also by wave heights and 10-m wind
velocity. However, we need to validate the results of numerical simulations for Choi-wan and Fanapi using the in situ observations.
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