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Abstract

A damage map documenting Hurricane Andrew’s destructive
landfall over southern Florida is presented. Vectors that represent the
direction of winds causing damage to trees and structures are shown
alongwithan F-scale ratingin order to assess the strength of the near-
surface winds. It is hypothesized that increased surface roughness
once the hurricane made landfall may have contributed to a surface
wind enhancement resulting in the strongest winds ever estimated
(F3) foralandfall hurricane. This intense damage occurred primarily
during the “second” period of strong winds associated with the east
side of the eyewall. For the first time, a well-defined circulation in the
damage pattern by the second wind was documented. A superposi-
tion of radar data from Miami and Key West on top of the damage map
provides the first detailed examination of the relationship between the
eyewall and the surface flow field as estimated from the damage
vectors.

1. Introduction

On the morning of 24 August 1992, the eye of
Hurricane Andrew made landfall over Dade County,
Florida, and continued westward into the Everglades.
An infrared satellite image of the hurricane at 0800
UTC (hereatfter, all times are UTC) is shown in Fig. 1
when the eye was located just offshore. It was the third
strongest hurricane to strike the United States this
century (behind Camille and an unnamed 1935 storm
that made landfall over the Florida Keys) and, as a
result, carved a path of destruction across southern
Florida and later into Louisiana, making it the costliest
natural disaster in U.S. history (Mayfield and Avila
1993).

Inresponse to arequest by the Hurricane Research
Division, a survey team embarked on two separate
trips to the devastated area to assess the wind effects
using aerial and ground surveying techniques dis-
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cussed by Fuijita et al. (1976) and Fuijita (1981, 1992).
These types of surveys, originally developed for
poststorm surveys of tornadoes, have proven to be
particularly useful in defining the surface wind field
during the landfall of a hurricane based on the direction
of tree fall and structural damage (e.g., Fujita 1980;
Fujita et al. 1980). It also provides an indirect estimate
of the peak wind speeds accompanying the hurricane
by use of the F scale (Fujita 1981).

Although the effect of friction on hurricanes at
landfall has been studied by several investigators
(e.g., Hubert 1955; Miller 1964; Tuleya and Kurihara
1978; and Tuleya et al. 1984), Shapiro (1983) notes
that detailed observations of asymmetries in the bound-
ary layer of hurricanes are very limited. Powell (1982)
assembled perhaps the most complete composite
surface analysis over the ocean and during landfall
using numerous aircraft, ship, buoy, and land station
reports.

The first documented reports of hurricane structure
as recorded by a radar were by Maynard (1945) and

Fic. 1. Infrared satellite image of the cloud shield associated with
Hurricane Andrew at 0800 UTC 24 August 1992.
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Fia. 2. Damage map of Hurricane Andrew. The arrows represent vectors of tree and structural damage. The black and white arrows
represent “first” and “second” wind effects, respectively. Approximate streamlines of these two flow fields (black lines—firstwind, black dashed
lines—second wind) are drawn on the figure. F-scale analysis is also indicated. Dashed gray lines, gray lines, and shaded gray represent the
boundaries of F1 (33—49ms™"), F2 (50-69 m s}, and F3 (70-92 ms~') damage, respectively. Approximate track of the center of the eye based
on radar tracking is shown. Thick black dashed line represents the location of the northerly flow as determined by the damage vectors.
Numerical values labeled throughout the map represent recorded wind speed estimates (m s-') from surface anemometers. Letter labels
represent locations where aerial or ground photographs were taken. The black dot labeled NHC (=10 km west of Key Biscayne) denotes the

location of the National Hurricane Center and the WSR-57 radar.

later by Wexler (1947). Maynard (1945) noted that the
eye of the storm appeared “as a dark area surrounded
by curve bands of echoes.” The term “eyewall” was
introduced to define the intense convective band
surrounding the rain-free eye where the heaviest pre-
cipitation occurs (e.g., Anthes 1982; Jorgensen1984a).
Using airborne radar and in situ measurements, Jor-
dan et al. (1960) appear to be the first to show that the
strongest wind speeds accompanying a hurricane
were near the eyewall, and Jorgensen (1984a,b)
determined that the zone of maximum eyewall radar
reflectivity was several kilometers radially outward
from the radius of maximum winds at low levels. Marks
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and Houze (1984, 1987) and Marks et al. (1992) have

presented unprecedented finescale information on

the kinematic structure within the eyewall of three
hurricanes by synthesizing airborne Doppler veloci-
ties. All of these studies were primarily based on data
collected over the ocean and, as a result, the relation-
ship between the eyewall and the surface winds during
landfall has never been clearly documented.

There are two primary goals in this article:

1) Compile the resulits of the aerial and ground sur-
veys to clearly document the path of destruction left
behind by Andrew. The resultant map will reveal the
gradation of damage over southern Florida based
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on the F-scale analysis and also provide an inte-

grated view of the surface peak wind flow pattern.
2) Document the relationship between the surface

wind and radar-detected eyewall by superimposing
the damage map on top of precisely aligned radar
images recorded at Miami and Key West. Such an

analysis has only been attempted by Fujita (1980)

for Hurricane Celia; however, itwas only fora single

time and the damage map was not as complete

(e.g., no vectors were drawn) as the one in the

present study.

Section 2 summarizes the results from the aerial
and ground surveys over southern Florida. The rela-
tionship between the damage map presented in sec-
tion 2 and the radar-detected eyewall is shown in
section 3. Section 4 discusses the possible reasons
why the circulation associated with Andrew appeared
to have intensified after landfall, and section 5 pre-
sents a summary.

2.Survey results

a. Damage map

Two poststorm surveys over south Florida were
conducted on 5-9 September and 3—4 October 1992.
In particular, extensive aerial surveys were flown on
5-8 September using Cessna aircraft. The resultant
damage map is shown in Fig. 2. The approximate track
of the geometric center of the eye based on radar data
is shown by the heavy black line. The eye of Andrew
propagated westward at 8-8.5 m s~' south of Miami
and Miami Beach. The path as shown in Fig. 2 places
the center directly over the cities of Homestead and
Leisure City (the latter city is located at label E), Home-
stead Air Force Base, and Homestead General Airport.

The arrows denote vectors of the direction of tree
fall and structural damage that were plotted onto U.S.
Geological Survey maps. The black arrows represent
flow associated with the west side of the eye (hereafter
referred to as the “first wind”) while the white arrows
represent the flow associated with the east side of the
eye (hereafter referred to as the “second wind”). The
short and resilient vegetation over Everglades Na-
tional Park contributed to the lack of damage vectors
on the western side of Fig. 2.

Streamlines’ of the first and second flow regimes
are shown on the figure. The approximate east-west
trough lines accompanying these two flow patterns
are separated by 10-11 km with the second wind
trough located toward the south. Clearly evidentin the

'Caution should be exercised since by definition a streamline is
parallel to the instantaneous velocity of the fluid. For this paper, the
authors have assumed that it is parallel to the damage vectors.
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streamlines is the smaller radius of curvature associ-
ated with the second wind. Both of these observations
have been documented before for hurricanes over the
ocean. Powell (1982) (see his Fig. 8), using composite
surface analyses, and Shapiro (1983) (see his Fig.
5c¢), using a boundary-layer model, have shown that
the displacement of the trough lines and a smaller
radius of curvature associated with the second wind
are characteristic of a translating hurricane.

The assignment of F-scale values shown in Fig. 2
relies on a subjective assessment of structural dam-
age caused by tornadoes and damaging winds using
the guidelines established by Fujita (1981). Itis known
that the uncertainties in wind speed estimates using
the F scale are highly dependent on building codes,
which results in an increased ability for some struc-
tures (based on superior design and construction) to
withstand extreme wind events (Minor 1981). The F-
scale contours in Fig. 2 were assigned by Gregory
Forbes and Roger Wakimoto based on previous sur-
vey experience (e.g., Forbes and Wakimoto 1983)
and is their best estimate of the peak gusts over areas
about 1 km2. Given uncertainties in building strength
factors such as exposure to the wind and the amount
of flying debris that impacted the structure, and the
extent of the area that had to be surveyed, this
mapping cannot precisely reflect the wind speed that
affected individual structures. Indeed, there were in-
stances when the character of the damage pattern
was “spotty” in the sense that one buiiding was heavily
damaged while neighboring structures were largely
spared. A detailed house-to-house assessment that
incorporates the effects of different building codes is
beyond the scope of this paper.

It should be noted that nearly all structures in the
high-damage area were constructed using straps
wrapped around trusses and rafters to hold the roof
on. Such connections are two to three times stronger
than “hurricane clips” (Simpson connectors for high
wind-resistant structures) used in most other hurri-
cane-prone zones and more than ten times stronger
than standard wood-frame “toenail” construction typi-
cal of the Midwest and other continental locations. In
addition, the majority of the structuresin this areawere
concrete-block stucco (CBS) with a poured, steel-
reinforced concrete tie beam along the top outside
wall, in which the “hurricane straps” are embedded.
This design has an uplift resistance twice that for
connection to wood-frame structures and 20 times
that of toenail construction. These types of structures
are shown in areas labeled C and F in Fig. 2. There-
fore, the wind equivalents of the F scale, derived for
standard construction practices in the Midwest, may
be underestimated by as much as one F-scale cat-
egory, as suggested by Fuijita (1992).
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Fia. 3. Photograph taken looking toward the west (=240°) at point A in Fig. 2. The direction of some of the downed trees is highlighted on
the figure.

A large fraction of the area traversed by the hurri-  intensity, including the city of Homestead, which domi-
cane eye was rated between F1 and F2 in damage nated much of the media’s attention. There were two

Fia. 4. Aerial photograph showing the comparison between mobile homes (completely destroyed) and houses (minor roof damage) at the
point labeled B in Fig. 2. This area was rated F2 in damage intensity.
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Fic. 5. Aerial photograph of the damage caused by a possible small tornado moving toward the west in the small gray area labeled C in
Fig. 2. Black arrows represent the direction of tree fall and structural damage. The first and second wind vectors in this figure were from
approximately north-northeast and east-southeast, respectively. The black dashed line highlights the path of the vortex.

areas rated F3 located northwest of Homestead Air
Force Base and also a relatively small area west of the
label C where a suspected tornado briefly touched
down, respectively. This is believed to be the first time
that surface wind speeds have been assessed as high
as F3foralandfall hurricane. As willbe shownin section
2b, these two locations of intense damage were surpris-
ingly associated with the second wind. This observation
appears contrary to the commonly accepted theory that
hurricanes decay rapidly after landfall (e.g., Anthes
1982; Holland 1987) and will be examined in section 3.
Both the intensity and the well-defined circulation in the
damage pattern left behind by the second wind have not
been previously documented.

Most of the strongest damage in Fig. 2 was located
north of the geometric center of the eye with a strong
gradient of damage intensity between the points la-
beled E and F, a distance of only a couple of kilome-
ters. This type of asymmetry is commonly observed
during tornado surveys. The strongest damage typi-
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cally occurs on the side of the vortex where transla-
tional and rotational effects are in the same direction
(Fujita 1981, see his Fig. 18). Other factors, however,
contribute to the asymmetry of the tangential winds
associated with hurricanes. These include a large effect
arising from the superposition of the vortex and envi-
ronmental wind field in which it is embedded (Holland
1987). In the ground-relative frame of reference, it has
been shown that the low-level maximum winds tend to
be located in the right-front quadrant relative to the
hurricane center and direction of motion (Shea and
Gray 1973; Powell 1982; Shapiro 1983; Frank 1984).
An exception is Hughes (1952), who claims that the
maximum exists in the right-rear quadrant.

Also plotted on the damage map are the anemom-
eter locations and estimates of surface wind speeds
that were recorded during landfall. The source of each
wind speed estimate is shown in the Appendix. This
information is useful but must be viewed with caution
for two reasons:
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1) Cup anemometers can suffer from overspeeding at
the velocities that were recorded during Hurricane
Andrew. The 79 m s~ wind speed located north-
west of label C on Fig. 2 is the only measurement
that was corrected (down from the original estimate
of 95 m s") by calibrating the anemometerin a wind
tunnel.

2) Several wind speed
estimates do not rep-
resent the maximum
speed at a location
owing to the inability of
the recorderto exceed
a certain numerical
value. These mea-
surements are de-
noted by a plus sign
after the number.
Even with these limita-

tions listed above, there

is good agreement be-
tween the anemometer
readings and the F-scale

analysis shown in Fig. 2.
The black, dashedline

on the damage map rep-

resents the axis of north-
erly winds as determined
by the vectors. The effect
of increased friction dur-
ing landfall is to reduce
the boundary-layer wind
speeds, thus allowing air
parcels to accelerate in
the direction ofthe inward-
directed pressure gradi-
ent and increasing the
angle at which the flow
crossestheisobars. Over
the barrier islands north

Fic. 6. Aerial photograph taken at point D in Fig. 2. Ali trees in the
southern partof Key Biscayne were blown down toward the southwest.

b. Observations at select locations

There were several locations, labeled with letter
identifiers in Fig. 2, that were chosen as representative
examples of the destruction caused by Hurricane An-
drew. Figure 3 is a photograph looking west (at=240°)
into a forest at the point labeled A on the damage map.
The picture graphically il-
lustrates the firstand sec-
ond wind effects. Note
the downed trees in two
diametrically opposed di-
rections. This suggests
thatan abrupt shiftinpeak
winds occurred at this lo-
cation rather than a con-
tinuous and gradual turn-
ing of the winds. It is also
possible that there was a
comparatively long inter-
val between two distinct
wind speed maxima dur-
ing which weaker winds
changed more gradually.
A comparison between
relatively well constructed
houses and mobile
homes in an area where
the winds were approxi-
mately uniform is shown
at point B (Fig. 4). This
location was rated below
F2 in intensity since the
roofs were damaged on
the homes but were still
intact (Fujita 1981), yet
the mobile homes were
completely leveled.

Point C denotes the
small gray area (located
=2 km toward the west of

of Key Largo, the axis of
the northerly flow is just
north of the eye track.
Subsequently, the axis
slopes=10kmtoward the
north of the eye track to a
point atong the coastline near the label C owing to
increased surface roughness. This suggests a coun-
terclockwise rotation of the surface winds with time of
=30°-35° in response to increased friction during
landfall. Powell (1982) noted an increase in inflow
angle (angle between the actual wind and a tangent to
a circle passing through the point centered at the
storm) of =15°-20° in the front quadrant of Hurricane
Frederic when the eye was first crossing the coastline.

dirt are clearly seen in the picture.

194

Fia. 7. Aerial photograph taken at point G in Fig. 2. All trees were
blown downtoward the south-southeast. Exposed roots covered with

the letter label) where itis
believed that a small but
strong (F3) tornado
toucheddown (Fig. 5) and
cut a path approximately
600 m long through a
housing complex before dissipating. The black dashed
line in Fig. 5 highlights part of the tornado’s path and
the black arrows represent the direction of tree and
structural damage. Note that both the first and second
wind effects are shown again by the approximately
north-northeast and east-southeast vectors, respec-
tively. Past studies have shown that it is not unusual
for tornadoes to be characterized by intense destruc-
tion and a narrow path width (Kelly et al. 1978;
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Wakimoto 1983). The movement of the suspected
tornado from east to west, shown in Fig. 5, strongly
suggests that it was associated with the second wind or
the right-rear quadrant of the hurricane. No other tor-
nado-like vortex was confirmed over the area coveredin
Fig. 2. Fujita (1993, personal communication) believes
that at least 25 similar vortices may have developed in
the large gray area denoting the F3 damage intensity.

Tornadogenesis during hurricane landfall has been
well documented in the literature (e.g., Orton 1970;
Novlan and Gray 1974; Gentry 1983; McCaul 1991).
The preferred sector of tornado formation is the right-
front quadrant and, to a lesser extent, the right-rear
quadrant (Novian and Gray 1974; McCaul 1991).
However, if these data are plotted with respect to the
hurricane center and true north, there appearstobe a
prominent cluster of tornado events in the sector
between=0° and 120° (Novlan and Gray 1974; Gentry
1983). McCaul (1991) further subdivides hurricane
tornadoes into two apparently distinct regimes—-“outer
rainband” and “core.” The core tornadoes are those
that develop near or within the eyewall of the hurri-
cane, and tend to occur mainly during the day of
landfall. The Hurricane Andrew tornado shown in Fig.
5 is believed to be the first well-documented case of a
core tornado.

Two areas that are representative of damage in
excess of F2 are shown in Figs. 6 and 7. The southern
part of Key Biscayne marks the northern limit of F2

Fic. 8. Aerial photograph taken at point E over Leisure City in Fig.
2. The roofs on the homes are damaged but still remain intact
suggesting an F-scale rating between 1 and 2.

damage. Nearly every tree within the aerial photo-
graph shown in Fig. 6 (taken at point D) was blown
down toward the southwest. The other location with
approximately the same F-scale rating as point D is
shown at G (Fig. 7). At this point, trees were stripped
and blown down toward the south-southeast. Exposed
roots covered with dirt are clearly seen in the picture.

Fic. 9. Photograph of the Naranja Lake area at point F in Fig. 2. Several roofs have been removed and walls have cavedin. The black arrows
represent the direction of tree damage. Note that the debris from the house in the center of the figure was thrown toward the northwest.
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Asmentioned in section 2a, there was aremarkable
gradient of destruction over a short distance between
the points labeled E and F in Fig. 2. An aerial photo-
graph taken over the southern part of Leisure City
(point E) is shown in Fig. 8 and is also representative
of the type of damage over the city of Homestead.
Although the roofs are damaged, they still remain
intact (F1—F2) in Fig. 8. However, several kilometers
toward the north at point F was the largest area rated
F3. An example of an aerial photograph near Naranja
Lakes illustrates the destruction of homes with roofs
removed and several walls destroyed (Fig. 9). The
small black arrows and streamlines represent the
direction of tree fall and the scattered debris, respec-
tively. This area is similar to the one shown in Fig. 3
since itillustrates that the first and second wind effects
were nearly opposite in direction. It also shows thatthe
F3 damage to the houses was primarily a result of the
second wind with the debris being thrown toward the
northwest (a ground survey showed that some of the
debris over the canal was thrown toward the south-
east).

August 1992

Fia. 10. Surveillance scan of Hurricane Andrew recorded by the
Miami radar at 083007 UTC 24 August 1992 as the eyewall was
making landfall. The radar reflectivity values are shown by the gray
scale in dBZ. Range rings are every 100 km.

3. Radar analysis

As mentioned previously, the present case study
provided a unique opportunity to superimpose the
damage map on top of precisely aligned radar images
of the eyewall. Complete WSR-57 radar information
was recorded on digital tapes (by Hurricane Research

. . . the winds atop the multistory building
reached a force that eventually toppled the
%‘«% s

pd

)nal Hurricane Center] radar antenna

Division personnel) at the National Hurricane Center
as Andrew approached southern Florida. A surveil-
lance scan from the Miami radar at 083007 as the
eyewall was making landfall is shown in Fig. 10.
Unfortunately, the National Hurricane Center was

Fic. 11. The multistory building that houses the National Hurricane
Center. The black arrow denotes the location where the WSR-57
radar was located before the intense winds from Andrew toppled the
antenna. The location of the building is shown in Fig. 2.

Fi. 12 (opposing page). Superposition of radar data at 0800, 0835, 0902, 0932, 0955, and 1030 UTC 24 August on top of the coastline,

F-scale analysis (dashed lines), and damage vectors. The first two radarimages are from the Miami radar, all otherimages are from the Key
West radar. Reflectivity values for the first two images are shown at the bottom of the figure in dBZ. The Key West reflectivity values are shown
in Video Integrator and Processor (VIP) levels (level 1—gray, level 2—white, level 3—black) with levels 2 and 3 labeled at 0902. Levels 1,
2, and 3 are approximately equivalent to 30, 36, and 41 dBZ, respectively. Track of the geometric center of the eyewall is also shown.
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located within the F1—F2 zone in Fig. 2. Accordingly,
the winds atop the multistory building reached a force
that eventually toppled the radar antenna from its 3-m
pedestal (Fig. 11) a few minutes after the image
shown in Fig. 10 [this latter event and other stories are
described by Williams (1993)]. Based on the results
presented in Fig. 2, it is believed that the Miami radar
-might have survived intact if it had been located only
a few kilometers farther to the north. Radar microfilm
from the Key West radar was obtained from the
National Climatic Data Center in order to follow the
progression of the eyewall after landfall.

The Miami and Key West radar data were sub-
jected to careful ground clutter checks to ensure that
the superposition of the eyewall on top of the damage
map would contain minimum errors. Subsequently, all
radar images were enlarged to the same scale as the
damage map. The radar data at 0800, 0835, 0902,
0932, 0955, and 1030 superimposed on top of the
coastline, F-scale analysis, and damage vectors are
shown in Fig. 12. Note that the island ground clutter
north of Key Largo (located in the center of the eye)
matches well with the coastline at 0835. The first two
images are from the Miami radar; all subsequent
images are from the Key West radar. The track of the
geometric center of the eyewall is shown by the thick
black line. To aid in the interpretation of the results
presented in the figure, the vectors have been subjec-
tively piotted at the most likely times when the damage

“occurred.

The highest reflectivities within the eyewall were
initially located approximately in the right-front (north-
west) quadrant before landfall and later were noted in
the left-front (southwest) quadrant after 0902 in Fig.
12 [note the level three Video Integrator and Proces-
sor (VIP) echoes in the left-front quadrant beginning at
0902]. The increase in damage intensity over the
southern part of Key Biscayne (Fig. 6) was related to
the northern edge of the eyewall and accompanying
strong winds passing over at =0835. As previously
mentioned, it is apparent that the strongest damage
occurred north of the center of the eye in Fig. 12 with
a rapid drop-off in intensity toward the south. Indeed,
Key Largo experienced minimal damage (<F1) even
though the eyewall passed directly overhead. Inter-
estingly, no obvious change in the eyewali occurred
even though the circulation associated with the sec-
ond wind was shown to have intensified in section 2a.
An aircraft reconnaissance penetrated the eye [3 km
AGL (above ground level)] at =0920 and did not note
a significant change in the dimension of the circulation
after landfall nor of the minimum surface pressure
(measured by dropsonde) of =931 mb (not shown).

It should be emphasized that the radarimages after
0835 are from the Key West radar (range to the center
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of the eye varied between 150 and 185 km). The
center of the beam was approximately 2.5-3 km AGL
and beam-broadening effects are severe. Even with
these range limitations, it is somewhat surprising that
the horizontal dimensions of the ring of convection as
recorded from Key West are comparable to those
seen from the Miami radar.

4. Intensification of the circulation after
landfall

One of the fascinating features of the damage map
shown in Fig. 2 was the apparent intensification of the
tangential circulation associated with the second wind
after landfall, attaining F3 intensity locally in the right-
rear quadrant. Possible mechanisms are suggested in
this section.

The effect of increased surface friction during land-
fall is to decrease the horizontal wind speed and
increase the cross-isobar angle toward low pressure.
This enhanced inflow increases the mean mass con-
vergence and upward motion, and may even tempo-
rarily increase the moisture convergence, resuiting in
a deeper low. However, once the evaporation is
reduced, the convection quickly dries out the bound-
ary layer and the increased upward motion allows
adiabatic cooling to dominate diabatic heating (Tuleya
and Kurihara 1978; Anthes 1982).

It is interesting to speculate that this increase in
convergence at the surface and subsequent stronger
vertical motion may have resulted in the development
of stronger rotational winds. The effect of reduced
evaporation at the surface may not have been severe
owing to Hurricane Andrew’s path over the Everglade
swamps. Indeed, Tuleya and Kurihara (1978) suggest
that increasing surface roughness but not removing
evaporation increases the storm’s intensity. However,
Anthes (1982) cautions that the importance of sen-
sible heat gain or loss at the surface was not investi-
gated in Tuleya and Kurihara’s simulations so the
relative importance of this effect is in doubt.

There are two complicating factors that should be
addressed when considering this hypothesis. First, it
is important to note the fraction of Andrew’s storm
circulation remaining over water (this fraction can be
estimated from Fig. 10) as it made landfall over the tip
of a peninsula versus other hurricanes making landfail
over a continent. Accordingly, tow-level trajectories
reaching the heavy damage area were probably over
land for a very short time so that reduced evaporation
and sensible heating would have a smaller effect
compared to increased surface roughness. Second,
typical water depths and soil moisture contents in the
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Everglades swamp may not have enough heat capac-
ity to affect the storm’s intensity.

Based on the extensive literature on end-wall vor-
tices (e.g., Wilson and Rotunno 1986; Howells et al.
1988), it is known that increased surface friction
reduces the centripetal acceleration per unit mass, but
not the inward radial pressure force. In tornado simu-
lations, this leads to an inward flow within the bound-
ary layer bringing strong swirling air closer to the
central axis than would have been possible without
friction. This effect may have led to a transient inten-
sification of the surface tangential winds within Hurri-
cane Andrew.

Tuleya et al. (1984) have shown in their numerical
simulations thatthere is atendency for the position of the
maximum low-level winds to shift from the right-front
quadrant of the storm over water to the right-rear
quadrant over land. This is consistent with the occurrence
of F3 damage in the right-rear quadrant in Figs. 2 and 12.

5. Summary

A description of the destruction caused by Hurri-
cane Andrew over southern Florida was presented. A
detailed damage map based on aerial and ground
surveys was characterized by several distinct fea-
tures. The radius of curvature for the first wind was
much larger than for the second wind, consistent with
past studies of the surface flow field associated with a
translating hurricane. The strongest damage inten-
sity, based on an F-scale rating was primarily north of
the eye track and was, surprisingly, associated with
the second wind. This is believed to be the first time
that surface wind speeds have been assessed as high
as F3 for a landfall hurricane. It should be noted that,
during the aerial and ground surveys, it was believed
that the increased damage during the second wind
may have been due in part to the uprooting and
stripping of most of the trees during the first wind.
Without this wind shelter effect, many structures were
left exposed to the full force of the second wind. It is
difficult to quantify this effect, but it may have resulted
in a higher damage rating during the second wind by
as much as one-half of an F number.

The damage map was superimposed on top of
radarimages recorded at Miami and Key West in order
to document the relationship between the eyewall and
approximate surface flow pattern estimated from the
damage vectors. Minimal damage was noted over
some areas traversed by the southern part of the
eyewall and no apparent change in the eyewall ac-
companied the intensification of the circulation (this
latter conclusion must be viewed with caution owing to
the distant range from the Key West radarto the center
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of the storm). It is hypothesized that increased friction
and cross-isobar flow toward the low as the hurricane
made landfall led to a more intense storm. The effect
of reduced evaporation at the surface may have been
negated by the storm’s track over the Evergiade
swamps (although typical water depths and soil mois-
ture contents in the Everglades swamp may not have
had enough heat capacity to affect the storm’s inten-
sity). It is also possible that increased surface friction
could have led to a transient intensification of the
surface tangential winds similar to an end-wall vortex.

Future efforts should be made to conduct poststorm
surveys, especially if it occurs near a WSR-88D
(Weather Surveillance Radar). The combination of
single-Doppler velocities with the damage track should
provide importantinformation on the structural changes
that occur when hurricanes make landfall.
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Appendix: Source of wind speed
estimates shown in Figure 2

Metro Fire Station—SW 87 Ave. and 58 St.: 58 m s™

U.S. Army Communications Center—SW 152 St. and
136 Ave.: 54+ m s™

2Private home—16201 SW 85 Ave.: 79 m s™

Private home—15028 SW 153 Court: 77 m s™

Private home—8950 SW 125 Terrace: 76 m s

Private home—9268 SW 136 St.: 72 m s

Sailboat—Angelfish Creek: 51 m s

Virginia Key Water and Sewer Plant: 51 m s~

FPL Turkey Point Power Plant: 44+ m s

FAA Tamiami Airport: 57 m s

National Hurricane Center—1320 S. Dixie Highway:
74 ms

Private home—19041 SW 129 Ave.: 45+ m s

Private home—440 NW 132 Court: 42 m s~

2Calibrated in wind tunnel.
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