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ABSTRACT

Doppler velocity data from Weather Surveillance Radar-1988 Doppler (WSR-88D) radars during four
hurricane landfalls are analyzed to investigate the presence of organized vortices in the hurricane boundary
layer (HBL). The wavelength, depth, magnitude, and track of velocity anomalies were compiled through
analysis of Doppler velocity data. The analysis reveals alternating bands of enhanced and reduced azimuthal
winds closely aligned with the mean wind direction. Resulting statistics provide compelling evidence for the
presence of organized secondary circulations or boundary layer rolls across significant areas during four
hurricane landfalls. The results confirm previous observations of the presence of rolls in the HBL. A
potential limitation of the study presented here is the resolution of the WSR-88D data. In particular,
analysis of higher-resolution data (e.g., from the Doppler on Wheels) is needed to confirm that data aliasing
has not unduly impacted the statistics reported here. Momentum fluxes associated with the secondary
circulations are estimated using the covariance between the horizontal and vertical components of the wind
fluctuations in rolls, with resulting fluxes 2-3 times greater than estimated by parameterizations in numeri-
cal weather prediction models. The observational analysis presented here, showing a prevalence of roll
vortices in the HBL, has significant implications for the vertical transport of energy in hurricanes, for the
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character of wind damage, and for improvements in numerical simulations of hurricanes.

1. Introduction

Boundary layer roll vortices are known to be a com-
mon feature of the convective atmospheric boundary
layer (ABL) and have been extensively studied obser-
vationally, analytically, and numerically (Kuettner
1971; LeMone 1973; Etling and Brown 1993; Mourad
and Walter 1996; Weckwerth et al. 1997). High-
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resolution observations provided by radar (Wurman
and Winslow 1998, hereafter WW98) and synthetic ap-
erture radar (SAR; Katsaros et al. 2000) supply evi-
dence of similar circulations in the boundary layers of
tropical cyclones (Fig. 1). The fine linear features seen
across much of the SAR image in Fig. 1 have a wave-
length of 2-4 km and are observed between convective
bands in Typhoon Fengshen. Although the origin of the
features observed by SAR has not been confirmed, it is
reasonable to assume that they are the product of varia-
tions in surface wind speed and roughness associated
with the vertical transport of momentum by boundary
layer roll vortices. Damage swaths extending several
hundred meters in the direction of the mean wind have
been observed in the wake of hurricanes and midlati-
tude cyclones and attributed to wind gusts of extended
duration (20 s) (Wakimoto and Black 1994; Mass et al.




































