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ABSTRACT

Numerous aircraft, ship, buoy and land station data were composited with respect to the center of Hur-
ricane Frederic for two time periods: a 24 h period corresponding to the storm’s position in the open Gulf
of Mexico on 12 September 1979, and an 8 h period corresponding to the landfall of Frederic near 0400
GMT on 13 September. Comparison of wind analyses for the two periods indicated a rotation of maximum
inflow angles from the southeast to northeast quadrants and a strong frictional decrease of wind speed over
land. These and other features of the landfall analysis were compared with a model landfall study by Moss
and Jones (1978). The landfall composite wind field was compared with the Fujita damage vectot analysis
to determine the damage time interval and mean wind speed range. Damage vector directions were found
to be well correlated with the surface streamlines, with the most severe damage being associated with Frederic’s
northern eyewall.

Ten-meter-level wind speed data over water (V) and at coastal stations (V) were used to formulate
approximate relationships of the low-level (5001500 m) aircraft wind (V,) to the mean coastal wind and
peak gust (¥.6) in the same position relative to the storm center. It was found that ¥ = 0.7V,, V. = 0.8V,,
Vic = 0.8V, and V. = 0.56V,. These relationships should aid forecasters in their assessments of low-level
aircraft reconnaissance wind data for use in issuing warnings.

The vertical shear of the horizontal wind determined from radiosonde data for two inland stations was
compared with shear determined from surface and aircraft data over water. The overland shear was greater
than the overwater shear, by a factor of 2, in the same relative part of the storm. The “thermal wind” shear
computed in the vicinity of the center was negligible, although the 10 m level air temperature analysis over
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land indicated a cold core that was probably caused by adiabatic cooling.

1. Introduction

Tropical cyclones undergo a major transition when
approaching land from the open water. Land induces
frictional and thermal effects that change the turbu-
lent wind structure responsible for much of the dam-
age. To forecast the behavior of a tropical cyclone
when it is approaching land and to effect proper warn-
ings, we must understand the physical changes in the
storm during the landfall process. The Hurricane
Strike program at the National Hurricane Research
Laboratory (NHRL) is directed at investigation of
these changes and the landfall process.

Hurricane Frederic struck the Alabama-Missis-
sippi Gulf Coast in September 1979 causing wide-
spread wind and storm surge damage. Frederic’s track
through the Gulf of Mexico, and landfall in the mod-
erately populated Pascagoula~Mobile area, make it
one of the best-documented hurricanes in history.
Frederic was monitored for 3 days, before, during and
after landfall by seven National Oceanic and Atmo-
spheric (NOAA) Research Facility Center (RFC) sci-
entific reconnaissance flights, numerous ship and
buoy platforms in the open Gulf of Mexico, and
many land stations. From these observations, we cre-

ated a data base from which the surface wind field
of the storm could be documented during the tran-
sition from the open Gulf of Mexico to landfall.

The object of this paper is to show, through analysis
of the low-level wind field, the changes in boundary-
layer structure and some of the physical mechanisms
responsible for these changes during the transition.
Previous hurricane wind field studies are discussed,
the procedure for compositing Frederic data with re-
spect to the storm center for the two time periods is
described, and analyses of the surface wind fields are
used to describe physical changes in the hurricane’s
structure. Relationships of the aircraft wind to the
coastal mean wind and peak gust are presented for
possible use in forecast guidance and the surface wind
field is compared with the damage field.

2. Background

One of the first observational studies of the surface
wind field in hurricanes was made by Myers (1954a).
He analyzed data collected from observing stations
in and around Lake Okeechobee for 1949 and 1950
hurricanes and also studied characteristics of numer-
ous storms from 1900 to 1950. His study was followed






