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ABSTRACT

Four diagnostic marine boundary-layer models are evaluated for applicability to the hurricane
regime. The goal was to develop an operational method of estimating surface variables with research air-
craft flight-level (500 m) data. Evaluation consisted of comparing the four models plus two estimation
methods with ‘‘ground truth’’ buoy and ship wind speed data from Hurricanes Eloise and Anita and
vertically stacked several-level aircraft data in Eloise and Caroline. Three of the boundary-layer
models are capable of estimating wind speed to 10% accuracy. Model results also include 10 m level
neutral drag coefficients, which were compared with previous studies.

1. Introduction

Imminent landfall of a hurricane presents many
problems. The likelihood of a major disaster in low-
lying heavily populated areas is high. Accurate
warnings from detailed forecasts must be given to
save life and property and to cut down on the high
costs of preparing relatively large coastal areas for
hurricane occurrence. The National Hurricane and
Experimental Meteorology Laboratory (NHEML)
is investigating details of hurricane landfall in an
effort to develop operational improvements of fore-
casts, warning procedures and damage potential
estimates. Investigation of the hurricane boundary
layer is a necessary part of the solution.

The object of this study is to evaluate and com-
pare the capabilities of several boundary layer
models for determining low-level wind structure in
hurricanes. In addition, neutral drag coefficients
are computed and compared with previous studies.
The goal of this research is to develop an operational
diagnostic model that is capable of using low-level
(~500 m) aircraft data to estimate conditions close
to the surface (~10 m).

The models investigated in this study are as
follows:

o Moss-Rosenthal: An application of the Dear-
dorff (1972) planetary boundary layer (PBL)
parameterization scheme used by Moss and Rosen-
thal (1975).

e Powell: A surface-layer similarity model for
unstable conditions developed by Powell (1978).

e Cardone I: A surface-layer wind reduction
model developed by Cardone (1969).

o Cardone II: An application of Blackadar’s
(1965) two-layer neutral model to the marine
boundary layer by Cardone (1969).

All models depend on the applicability of the Monin-
Obukov (1954) surface-layer ‘‘similarity’’ theory.
This theory applies in the lowest tens of meters of
the planetary boundary layer (PBL). The PBL in
tropical circulations, as defined by Moss and
Merceret (1976), pertains to the region adjacent to
the earth’s surface where small-scale surface-in-
duced turbulence occurs almost continuously in
time, excluding convective turbulent regimes. The
PBL height, for the hurricane circulation accord-
ing to this definition, coincides with the lifting con-
densation level over all but the dry, cloud-free
peripheral regions. The surface layer is defined as
the region within which the stress is approximately
constant with height. Since direct measurements
of stress are difficult to make at >10-20% accuracy,
the surface layer is determined to be the height at
which the stress decreases to 80% of its surface
value (Lumley and Panofsky, 1964). This height
ranges from 20-200 m over land. Over water, on
the periphery of 1975 Hurricane Eloise, it was esti-
mated to be 175 m (Powell, 1978).

2. Models

The four diagnostic models require low-level
(500 m) research aircraft input quantities, including
potential temperature, mixing ratio, wind speed,
radiometer or bathythermograph sea surface tem-
perature, sea-level pressure and boundary layer
height. These data are then used in iterative
schemes that involve surface-layer similarity rela-
tionships. Wind speed is computed by
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where u, is the friction velocity, k the von Kdrmén






