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1. Introduction
Hurricane Hugo, the strongest hurricane to affect the
United States in the last 20 years, was the subject of
a special program on 7-8 February 1990 at the 70th
Annual Meeting of the American Meteorological
Society, in Anaheim, California.

2. Session summaries
Robert C. Sheets, director of the National Hurricane
Center (NHC), began the special program with an
overview of the hurricane that is summarized below.
Hugo was the strongest hurricane to strike the
continental United States since Hurricane Camille of
1969. The total property loss that resulted from Hugo
was estimated to be $10 billion, with damages of more
than $7 billion in the continental United States alone.
The total loss of life was 28 on Caribbean islands and
21 in the continental United States.
Hugo's embryo was first detected on satellite
imagery as a cluster of thunderstorms moving off the
coast of Africa on 9 September 1989. On 10
September, Hugo was a tropical depression to the
southeast of the Cape Verde Islands, a tropical storm
on 11 September, and a hurricane on 13 September
while 1 100 nm east of the Leeward Islands. Hugo
moved over Guadeloupe on 17 September, Saint
Croix at 0600 UTC on 18 September, the island of
Vieques, Puerto Rico, at 1200 UTC, and the eastern
tip of mainland Puerto Rico at 1300 UTC on 18
September. Early on 19 September, the hurricane
was north of Puerto Rico, and moving towards the
north-northwest. By 21 September, Hugo was centered
a few hundred miles east of Florida. The final landfall
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was on the South Carolina coast near Charleston at
Sullivan's Island at 0400 UTC on 22 September. Hugo
weakened to tropical storm status and passed just
west of Charlotte, North Carolina. The system crossed
the western part of Virginia, West Virginia, eastern
Ohio, near Erie, Pennsylvania, across eastern Canada,
and finally over the far north Atlantic Ocean before
tracking was discontinued.
Several forecasts of the storm path through the
Caribbean, both from the objective track prediction
models and from the "official" forecast made by the
NHC forecasters, were shown. The forecast tracks
through the eastern Caribbean were very accurate.
However, the forecasts made when Hugo was north of
Puerto Rico were shown to have a bias to the left of the
observed track. The forecasts for the 48 hours during
which Hugo was approaching South Carolina were
described as "quite accurate." Objective forecast
models were in close agreement when the hurricane
was at low latitudes, but much larger differences
among model forecasts were found at higher latitudes
when recurvature was a critical consideration.
On 15 September, before crossing the Caribbean
Sea, Hurricane Hugo was a category 5 hurricane with
a minimum sea-level pressure of 918 mb and estimated
maximum surface winds of 160 mph. The hurricane
weakened to category 4 status before entering the
Caribbean and then exited north of Puerto Rico as a
category 3 storm. Some further weakening occurred
east of the Bahamas and Hugo dropped below category
3 status for awhile. At noon EDT on 21 September,
Hugo was again upgraded to category 3 with estimated
maximum sustained surface wind speeds of 115 mph.
The public was warned that a "major" hurricane was
headed towards the southeast coast of the United
States. By 3:00 p.m. EDT, the maximum sustained
surface wind speeds were estimated to be 125 mph. At
6:00 p.m. EDT, Hugo was upgraded to a category 4
hurricane with wind speeds of 135 mph. Warnings
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from NHC carried the headline, "Extremely Dangerous
Hurricane Hugo Approaching South Carolina Coast."
With his overview completed, Sheets took the chair
for the first and second sessions of the special program.
Session 1, entitled, "Forecast Guidance," contained
two papers.
"A Review of NMC Numerical Forecast Guidance
for Hurricane Hugo," by J. Ward, surveyed the suite of
objective forecast products that was available to NHC
during Hurricane Hugo. Forecast products from the
European Center for Medium Range Weather
Forecasts (ECMWF), the United Kingdom
Meteorological Office, and experimental models under
development at the National Meteorological Center
(NMC) were also reviewed. The global prediction
models were generally inconsistent in their forecast of
Hugo's motion when the storm was over the midAtlantic. In contrast, models developed specifically for
hurricane track forecasting (NHC83, CLIPER, QLM,
and BAM) did quite well during these early stages and
gave excellent landfall forecasts for Guadeloupe and
the Virgin Islands. NMC's nested grid model (NGM)
did not give reasonable forecast tracks until the storm
was within 24 hours of its South Carolina landfall. The
performance of the NMC experimental ETA model
was quite encouraging; it routinely outperformed all of
the operational models, except the statisticaldynamical NHC83 model.
The second paper, "Forecasting the Track of
Hurricane Hugo," by M. DeMaria and S. Aberson,
described the results of an experimental real-time
analysis and forecast system known as VICBAR. The
system uses a cubic beta-spline representation of
variables on nested grids. Winds and heights are
analyzed at 850,700,500, and 200 mb over a domain
that includes about half of the Northern Hemisphere.
A high-resolution analysis is performed in the vicinity
of the storm so that the use of a bogus vortex is
unnecessary when high-density aircraft data are
available. The prognostic model, at present, uses the
barotropic shallow-water equations with five nested
meshes. The analyses and forecasts produced by
VICBAR were used to explain some of the track
forecast errors and to illustrate various features that
affected the track of Hugo. The VICBAR results also
provided some insight into variations of the storm's
intensity.
The second session, "Response and Impacts,"
began with" Hurricane Hugo's Impacts on Puerto Rico
and the U.S. Virgin Islands: Assessment from a
National Research Council Quick-Response Study
Team," by J. Golden, B. Aguirre, D. Bush, J. Vogel,
and R. Marshall,presented by J. Golden. The paper
described a report prepared by a team of
hydrometeorologists, engineers, and social scientists
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which was organized by the National Research
Council's Committee on Natural Disasters. The group
traveled to Puerto Rico and the Virgin Islands three
days after the Hurricane Hugo event to gather data to
help understand the storm's impacts on these islands.
The team's preliminary findings included information
concerning forecasts, wind speeds, storm surge,
coastal erosion, flooding, landslides, performance of
lifelines, emergency response planning and
implementation, property loss, and damage to
residences. Recommendations for research and
follow-up actions by various levels of government
were presented.
The next paper, "National Weather Service Field
Office Operations and Preparedness Programs in
South Carolina Related to Hurricane Hugo," by R.
Shenot and B. Palmer, described the operational
programs and emergency hurricane procedures at the
National Weather Service (NWS) office in Charleston
during Hurricane Hugo. The authors also described
how the NWS offices in Charleston and Columbia,
South Carolina, cooperated in preparing forecasts
and warnings. The Columbia office provided critical
backup to Charleston when the hurricane actually hit
the latter site. The paper also described NWS hurricane
preparedness programs with the public, state and
local officials, and the media.
Stanley L. Rosenthal, director of NOAA's Hurricane
Research Division, was chairman of the third and
fourth sessions of the special program on Hurricane
Hugo. Session 3, "Windfields, Structure and
Environmental Influences," contained four papers as
follows.
"The Windfield of Hurricane Hugo at Landfall," by
M. Powell, described how aircraft measurements made
by NOAA and Air Force reconnaissance aircraft at the
700-mb level were assimilated into a storm-relative
analysis algorithm. Analyses of the flight-level windfield
were presented for the periods corresponding to Hugo's
landfalls on the U.S. Virgin Islands, Puerto Rico, and
the continental United States. An extensive collection
of surface-wind observations obtained in and near
South Carolina was used to develop a surface windfield
analysis for the landfall time. Differences between
flight-level winds and surface winds were discussed
and suggestions for the development of surface
windfields from flight-level data were provided.
The next paper, "Hurricane Hugo: Will It Happen
Again?" by C. Neumann and J. Pelissier, described a
study of the likelihood that a storm of Hugo's intensity
would again strike the United States coast. The authors
employed a hurricane-risk analysis model, known as
HURISK, that computes the return period of a specified
tropical cyclone at any location from approximately
100 years of hurricane records. During 1886-1989,66
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tropical storms and hurricanes passed within 75 nm of
Sullivan's Island, the approximate landfall point
of Hugo. Hugo, with maximum winds of 120 kt, was
the strongest of these storms. The last hurricane to
pass through this area was Ginny in 1963. The
probability of having no hurricanes in this area for 25
consecutive years is less than 2% according to the
HURISK model. Hugo's South Carolina landfall was
early on 22 September. The mean date of occurrence
for the 66 storms in this area is 19 September. Hugo
was moving with a forward speed of 22 kt. This is
significantly faster than the mean speed of 15 kt for
past storms in the area. Based upon the HURISK
model, the return period of a hurricane that would
produce winds of 120 kt at Sullivan's Island is about
430 years.
"Electrical and Microphysical Structure of Hurricane
Hugo: Results of Aircraft Penetrations," by R. Black
and J. Hallett, described results obtained from
penetrations of Hugo's eyewall by NOAA's P-3 aircraft
on 15, 16, and 19 September. Measurements of
vertical electrical field, liquid water, and vertical velocity
were studied. Higher vertical velocity was found to be
associated with higher cloud water and higher electrical
activity, as judged by electrical field measurements
and visual lightning rate.
The final paper, "Environmental Influences on
Atlantic Hurricane Activity During 1989," by W. Gray
suggested that the appearance of intense hurricanes
(Gabrielle and Hugo in 1989, Gilbert, Helene, and
Joan in 1988) signaled the return to more intense
Atlantic hurricane activity, such as that occurring in the
1950s and 1960s. The author proposed that this return
was related to the breaking of the Western Sahel
drought and speculated that intense hurricane activity
is reduced by the Western Sahel drought.
Session 4 began with "Evolution of the Structure of
Precipitation in Hurricane Hugo," by F. Marks, Jr., a
paper describing the evolution of Hugo's precipitation
structure as seen from radar reflectivity data gathered
bytheP-3duringsixflights over seven days into Hugo.
During this period, Hugo's minimum sea-level pressure
varied from 923 mb on 15 September to 990 mb on 20
September. Radar composites showed that the eyewall
radius varied from a low of 8 km on 15 September to
30 km on 20 September. Airborne Doppler-radardata
showed the changes in the radial wind structure that
accompanied the changes in the precipitation pattern.
"An Encounter with Hugo: The Flight of 15
September 1989," by J. McFadden, P. Black, and F.
Marks, Jr., described a penetration of the eyewall at
1600 ft by one of the P-3s on 15 September. Severe
turbulence was encountered by the aircraft and the
starboard inboard engine was lost. This created an inflight emergency of a magnitude that is seldom
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experienced aboard aircraft that routinely fly missions
into hurricanes. The remainder of the talk centered on
the experiences of the aircraft crew and the on-board
scientists during this event.
"Aircraft Penetration of a Hurricane 'Suction Vortex'
in Hurricane Hugo (15 September 1989)," by P. Black
and F. Marks, Jr., attempted to find a scientific
explanation for the events described in the preceding
paper. The aircraft unexpectedly encountered a 90m s_1 peak winds, a 915-mb minimum surface pressure,
a series of updraft-downdraft couplets, and extreme
wind shear that suggest a vortex analogous to the
small-scale "suction" vortices that are often embedded
in tornadoes. The small vortex had a scale of 1 km in
contrast to the 20-km scale of the eyewall. As the
aircraft approached the eyewall, it experienced an
increase in flight-level wind from 30-87 m s~1 in less
than 2 minutes. The radar reflectivity increased from
37-49 dBZ during this period. The first of three updraftdowndraft couplets was encountered 25 seconds
before the maximum horizontal wind with a vertical
velocity of about 6ms 1 . This was followed by a second
couplet with a 9-m s~1 updraft coincident with the
maximum horizontal wind and a 10-m s 1 downdraft 4
seconds later coincident with the inner edge of the
radar eyewall. The most intense couplet occurred 15
seconds later within the cloudy, but rain-free, region
inward of the radar eyewall. Here a 20-m s 1 updraft
was sustained for more than 1 minute followed 4
seconds later by an 8-m s 1 downdraft. After control of
the aircraft was regained, the small vortex was
penetrated several times.
The final paper, "Simulation of Hurricane Hugo by
the ECMWF Operational Forecast Model," by H.
Bottger and L. Bengsston, was presented by H. Bottger.
This paper showed that improvements to the physical
parameterizations in the ECMWF global model, with
higher resolution in the horizontal and vertical (the
model now has T106, L19) has led to a much-improved
representation of tropical cyclones. Animated
sequences of surface pressure, wind, precipitation,
and humidity forecasts for Hugo, based on routine
operational model output, illustrated the global model's
capability to forecast tropical cyclones. While the
model's horizontal resolution is still insufficient to
represent the core structure, the track and timing of
Hugo were predicted with reasonable accuracy out to
120 hours.
P.K. Rao, director, of the Office of Research and
Applications, National Environmental Satellite Data
and Information Service, NOAA, chaired session 5,
"Video Presentations." Four presentations were made
during this session.
"Hurricane Hugo: Real-Time Four Dimensional
Digital Satellite Imagery with Computer-Generated
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Derived-Parameters Analyses," by R. Sznaider, J.
Block, and P. Sapponas, was presented by W. Sluter.
The video showed enhanced satellite-visible and
infrared images from Hurricane Hugo and combined
them with meteorological parameters derived from
conventional data to show the evolution of the storm.
A combination of satellite and radar data was found to
be very useful in monitoring active convective bands.
"NOWrad Looks at Hurricane Hugo," by T. Glickman,
showed digitized, color-enhanced radar images of
Hurricane Hugo in a time-lapse sequence that
illustrated the life cycle of the storm. The enhancements
of the images were very effective in showing the
motion and strength of the rainbands. As in the previous
video, radar data combined with enhanced satellite
images were very useful in monitoring the evolution of
the storm.
"Video Survey of Hurricane Hugo," by A. Eustis,
and "Hurricane Hugo," by R. Boylan, were shown by
M. Slater. The videos showed satellite and radar
imagery from, respectively, WRC/TV in Washington,
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D.C., and WSOC/TV in Charleston, South Carolina.
Actual scenes of these areas when Hugo was crossing
the coast were very striking. Both videos indicated that
television broadcasting played a major role in
disseminating the advisories and warnings and in
constantly alerting the public to the potential threat of
the storm.
In addition to the five sessions summarized above,
about 10 hours of Hurricane Hugo videos were shown
on a nearly continuous basis throughout the annual
meeting. The special Hurricane Hugo sessions were
closed with a poster session on the afternoon of 8
February 1990.
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