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1. Introduction central pressure (Ceorges and Lili). Al
category 5 hurricanes which were sanpl ed
Since the use of d obal since 1997 have at |east one

Posi tioning System (GPS) Dropw ndsondes dropw ndsonde that neet the 90 ns*

in the hurricane eyewall was initiated criterion.

in 1997, thousands of horizontal and Al'l the data, except those in
vertical wind, tenperature, and hunidity Hurricanes Georges and |sabel and Kenna,
profiles have been obtained. Franklin were obtained in the Gulf of Mexico or
et al. (2003) used such profiles to | ook the Northwestern Caribbean Sea;

at the nmean eyewall wind profile from interestingly, Ceorges and |Isabel have
the surface to about 700 hPa, where hi gh m ni mum central pressures conpared
reconnai ssance aircraft usually fly. to the remai nder of the dataset. Until
They found that the nmean profile has a 2005, these extrene horizontal w nd
broad maxi nrumin wi nd speed centered speeds were not sanpled in the Gulf of
about 500 m above the surface, bel ow Mexi co.

which the wind speed falls off The hei ght of the nmaxi mum wi nd
exponentially toward the surface. They speed varies considerably. Two |sabel
al so found variations in the slope of dr opwi ndsonde profiles (one on 12

this decrease with speed. However, in Sept enber and one on 14 Septenber) have
their sanple, only five dropw ndsondes the maxi ma within the boundary |ayer (155

reported wind faster than 90 ns ' (in and 127 m above the surface,

Hurricanes CGeorges and Mtch). Since respectively), whereas the fastest w nd
that tinme, 53 dropw ndsondes with wi nd measured was at 1375 m above the surface.
speed exceedi ng 90ns™* somewhere within The nedi an hei ght of the wi nd speed

the profile have been reported (Table maxi ma i s 550 m above the surface.

1). Neither Air Force Reconnai ssance

dr opwi ndsonde data fromthe 2005 3. Mean flight-level to surface w nd

hurri cane season nor the Hurricane Rita reduction

best track were available at the tinme of

writing. The goal of the current study Franklin et al. (2003) found from

is to extend the Franklin et al. (2003) their sanple that the nmean rati o between

anal ysis to extrenely high wi nd speeds. 700 hPa and surface w nd speeds in the
eyewal | was 0.9. This ratio is inportant

2. Basic Statistics since operational aircraft reconnai ssance
m ssions generally fly at 700 hPa, and,

O the 53 dropwi ndsonde profiles in the absence of other neasurenents,

with wind speed in excess of 90 ns’! surface wind speeds are estinmated from

(Table 1), only two have w nd speed wi nd speeds at that |evel.

greater than 100 ns''. O these two, the Mul ti pl e dropwi ndsonde profiles

| sabel profile has been previously fromone eyewal | penetration are here

i nvestigated (Aberson et al. 2006); the considered together. In this way,

second was obtained in Hurricane |van. maxi mrum 700 hPa and surface w nd speeds
Not unexpectedly, the entire sanple fromeach dropw ndsonde set are conpared.

was obtained in storns with m ni num In sone instances, only one dropw ndsonde

central pressure less than or equal to is released during a penetration, but as

940 hPa. However, the dropwi ndsonde with many as 12 have been rel eased at once.

the fastest wi nd neasured was obtained inAircraft flight [evel during sone

| sabel when the central pressure was at penetrati ons was bel ow 700 hPa, so those

the sanple high end. Al the storns were dropw ndsonde data are not included in

category 5 on the Saffir-Sinpson scale this analysis. As in current operational

except the three with the highest mninumpractice, the wind speeds fromthe | owest
150 mof the profile are
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Storm Date Time Aircraft Dropwindsonde Maximum Wind Speed Best-track Maximum Sustained Wind Speed | Best-track Minimum Surface Pressure
(UTC) (ms™) (ms™) (hPa)
George | 19980920 | 000811 H 90.97 66.87 939
Mitch 19981026 | 191303 A 90.11 79.72 905
Mitch 19981027 | 065316 A 90.39 77.17 917
Mitch 19981027 | 224250 I 91.27 72.01 933
Mitch 19981027 | 224311 I 93.65 72.01 933
Lenny 19991117 | 165259 A 94.64 69.44 933
Kenna 20021024 | 185726 A 98.77 72.01 917
Lili 20021002 | 224703 H 90.16 64.29 940
Isabel 20030912 | 165924 I 90.53 72.01 920
Isabel 20030912 | 165945 I 94.56 72.01 920
Isabel 20030912 | 170913 A 94.33 72.01 920
Isabel 20030912 | 171926 A 91.99 72.01 920
Isabel 20030912 | 172258 H 91.88 72.01 920
Isabel 20030912 | 172311 H 92.46 72.01 920
Isabel 20030912 | 190346 H 90.28 72.01 920
Isabel 20030912 | 190353 H 91.56 72.01 920
Isabel 20030912 | 190405 H 93.17 72.01 920
Isabel 20030912 | 190414 H 94.64 72.01 920
Isabel 20030912 | 195406 I 92.97 72.01 920
Isabel 20030912 | 202833 H 90.32 72.01 920
Isabel 20030913 | 163624 H 93.62 72.01 920
Isabel 20030913 | 175248 H 107.00 72.01 932
Isabel 20030913 | 175422 I 93.26 72.01 932
Isabel 20030913 | 175427 H 91.82 72.01 932
Isabel 20030913 | 175436 I 91.41 72.01 932
Isabel 20030913 | 195012 I 91.43 72.01 932
Isabel 20030914 | 172103 I 90.45 72.01 933
Isabel 20030914 | 172146 I 93.12 72.01 933
Isabel 20030914 | 172158 H 90.11 72.01 933
Isabel 20030914 | 210318 H 92.75 72.01 933
Ivan 20040909 | 052637 A 91.52 72.01 925
Ivan 20040909 | 101320 A 92.27 72.01 919
Ivan 20040911 | 190936 A 99.68 74.58 920
Ivan 20040911 | 191000 A 93.36 74.58 920
Ivan 20040911 | 222231 A 90.63 74.58 910
Ivan 20040913 | 013658 A 92.88 72.01 916
Ivan 20040913 | 051007 A 93.45 72.01 920
Ivan 20040913 | 100755 A 102.71 72.01 915
Ivan 20040913 | 181720 H 98.37 72.01 912
Ivan 20040913 | 185206 H 95.69 72.01 912
Ivan 20040913 | 194319 H 91.05 72.01 912
Ivan 20040913 | 214655 I 92.18 72.01 914
Ivan 20040913 | 214710 I 95.47 72.01 914
Ivan 20040913 | 235423 I 91.26 72.01 914
Ivan 20040913 | 235439 I 91.96 72.01 914
Katrina | 20050828 | 174412 I 93.36 77.15 902
Katrina | 20050828 | 191915 I 94.42 77.15 902
Katrina | 20050828 | 204124 I 95.20 77.15 902
Rita 20050921 | 191231 I 96.85
Rita 20050921 | 191131 I 91.80
Rita 20050921 | 193542 I 98.69
Rita 20050921 | 194600 I 91.62
Rita 20050921 | 194634 I 91.36
Table 1. Dropwi ndsonde profiles used in this study.
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Figure 1. Ratio of maxi rum 700 hPa and
surface wi nd speeds from dropw ndsondes
with at |east 90 ms™* wi nd speed neasured
somewhere within the profile

Dr opwi ndsondes in this sanple with
extreme upward notions are shown
separately. Representative ratios are
al so shown.

averaged and reduced to the surface to
elimnate gustiness fromthe profiles.
The average 90% reduction is confirned
for wi nd speeds greater than 90 ms™* (Fig.
1), though there is quite a bit of
scatter in the dataset. The small sanple
of dropwi ndsonde profiles with extrene
upward notions do not show a bi as.

4. Extrene horizontal
superintensity

wi nd speeds and

Persi ng and Montgonery (2003)
reported that stormintensity in high
resol ution axisymretric hurricane
simul ations can greatly exceed currently
under st ood upper bounds for naxinmum
potential intensity. They denonstrated
that this “superintensity” was due to
high entropy air at low levels in the
hurricane eye being mxed into the
eyewal | by mesocycl ones at the
eye/ eyewal | interface. This provides
extra power to the hurricane engi ne
versus what is available directly from
the ocean surface. Montgonery et al
(2006) and Aberson and Mont gonery (2006)
reported on data fromaircraft in

Hurricane |sabel (13 Septenber 2004)
within this context, and many

dr opwi ndsonde profiles used in that study
are included herein.

The | sabel data were considered
exceptional because the anal yzed sea
surface tenperature (SST) was consi dered
exceptionally low for a tropical cyclone
at that intensity. At that tine, the
Reynol ds SST anal ysis provided a
tenperature of 28.3°C at the storm
| ocati on. However, because |sabe
novi ng over the track crossed by
Hurri cane Fabian a few weeks earlier
SST was considerably lower. O the
current sanple, only one dropw ndsonde
profile with extrene horizontal w nd
speeds was obtained in anal yzed SST | ower
than this (Hurricane George in the
central Atlantic — 27.6°C). The naxi mum
SST was 30.5°C for the Hurricane Katrina
dropwi ndsondes. Hurricane CGeorges is
thus a prime candidate for further
i nvestigation of the superintensity
hypot hesi s.

was

t he

5. Inplications

The current results show that the
relati onship between 700 hPa flight Ievel
wi nd speeds obtai ned by reconnai ssance
aircraft and surface w nd speeds derived
in Franklin et al. (2003) can safely be
extended to wi nd speed hi gher than those
reported in the original paper. This is
i nportant for operations in those cases
in which surface wi nd speed neasurenents
(such as from dropw ndsondes or a
st epped-frequency m crowave radi oneter)
are not available. Further, for
reanal ysis of previous stornms (Landsea et
al. 2004), this can help in the deduction
of maxi num sustai ned wi nd speed for those
cases in the past with 700 hPa flight
| evel wi nd nmeasurenents. For exanple,
Fig. 1 shows that the flight-1evel 700
hPa wi nd speed neasurenent during the
[ andfall of Hurricane Andrew in South
Fl ori da was higher than the 700 hPa wi nd
neasured by any of the dropw ndsondes in
this dataset. This further confirms the
Landsea et al. (2004) finding that Andrew
had attained Category 5 status at
| andf al | .

I nplications of these data for

t heoreti cal upper bounds to hurricane
intensity and to operational intensity
forecasts have been provided in
Mont gonery et al. (2006) and Aberson et
al. (2006). The inclusion of 2005 Air



Force reconnai ssance dropw ndsonde data
in this dataset will hopefully provide
nore evidence for these findings.
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