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p
Anslysis of Winds over Lake Okeechobee
during Tropical Storm of August 26-27, 1949

Introduction

’ For a number of yeare, the Corps of Engineers, Department of/;\:'t;he Army,
vhas maintained meteorological observation stations at.seven hurricane
gateé on the shore of lLake Okeechobee, Florida (see frontispiece). In-
tensifying a program for better comprehension of wind and tide relationms,
the Corpe of Engineers, during the spring and summer of 1949, established
three additional wind recording locations on steel-girder pylons within
the Lake.

On August 23, 1949, the Miami Weather Bureau Office discovered
evidence of a tropical disturbance in the formative stage near latitude
19° N, 61° W - east of the Virgin Islands - and its position was care-
fully tracked thereafter. The disturbence soon developed into a hurri-
cane whose center entered Florids near West Palm Beach between 1830 EST
and 1930 EST of the 26th. Advancing west-northwestward, the hurricane
center croesed northern Lake Okeechobee shortly before miénight of the
same day. Hurricane winds (speeds above 75 mph) were experienced at the
nevly-established Lake Stations and at most of the gates and other statioms
in the storm path across Florida. The general path of the storm and some |
nota‘ﬁ'le faéi;ur‘es of wind and pressure are shown on figure 1 which is &
reproduction of a chart prepared by the Weather Bureau Office at Miami,
Occurrence of the storm and its movement across Lake Okeechobee provided
what is probably the best coverage on record of surface winds within 100
mileg éxff a hurricene’s center. Simltaneous measurement of water level

- &and wave height during the course of the storm furnished an unequaled



set of data for investigation of relations betveen tre meteorological and
ocsanographical elements on & shallow inland.body of water dnring a period
of strong winda.

At the request of the Corps of Engineers, the Hydrometeorological
Section prepared, in November 1949, a preliminary report entitled, "Surface
Winds over Lake Okeechobee, August 26-27, 1949". The report contained
tabulations of ten~minute-a;erage wind speeds and directions for all Lake
and hurricane-gate stations at ten minute 1ntervais, through the period .
1300 EST of the 26th to 1000 EST of the 27th. The report also contained '
a set of successive mape 1llustrating the flelds of 1sotachs (lines of |
constent 10-minute-average wind speeds) and streamlines (10-minute-average
win&;éirectiens) for the same period. ©Since issuance of the preliminary
report further studies have been made of(tho;August 1949 data. The currentv
report is intended to present to the meteorological field pe;tinent ex«
tracts from the preliminary report and the Intermedlate studiea, with the
hcpe that they may be of asslstance iﬁ establishing a firmer understanding
of the dynmamics of a hurricane. | |

Wind and pressure data

Esterline-Angus multiple-pen recorder traces were avallable for the
wiﬁd observations of the 3 lake stations. For windVSpeed,‘one pen recorded
the passage of each 1/10 mile of wind and a second recorded the passage of
each 10 miles of wind. As long as the 1/10 mile marks were distinct, the
lc—minute averages wcfevdetermined directly. At the higher speeds the
individualmstrokes of the 1/1é-mile pen became Indistingulshsble, and
the strokes of the 10-mile pen had to be used. For the high speeds (above
about 35 mph) the duration for passage of each 10 miles of wind was de-

termlned, and a smooth curve of wind speed vs, time was plotted for each



station.  From these curves, then, the 10-minute-average wind speeds were |
extracted. Wind direction data were recorded by an 8-pen system, A -
smooth curve of Airection va. time was drawn for each’station, and 10-
minute-average directions were taken from the curves.

For Lake Stat%pn No. 2, the 10-mile wind speed pen failed to operate
during the course of the storm. Use of the 1/10-mile record provided
data close to and at.some distance away from the storm center, but wind
speeds in excess of 35 mph could nét e detérmined with an acceptable
"~ degree of relisbility. The record of wind direction for this station was
| satisfactory, however,

Continuous tr&ces of wind speeds and directlons were avallable for
the Dines anemometers installed at 6 of the hurricane gates. At Hurricene
Gate No. 3 only wind speeds were available. For each station theyﬁind speed
trace vas divided inﬁo‘lo-minuta segments., The lO0-minute-average speed was
defined as that value determined by a horizontal line bilsecting the darkened
area Qf the tracé. The same process was used for determination of the 10~ |
mihuté-average wind directions. This method of averéging was found to be
accurate and most rapid when it was tested by comperison with other methods.tﬂ

Also &t the Section's disposal were pressure and wind data from,27
Weather Bureau, Coast Guard, Engineer and private observing st&tions. None
of these dats, available at the fime of preparation of the preliminary report,
were of the recorder type, and some were estimates of wind veloclty, but all
were used to a greater or lesser degree after qualitative evaluatlon of the

observations. ) y

The pressure and wind fields

After collecting and organizing the basic data, the Section drew half-
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hourly surface weather map analyses for the Southern half of Florida fbr the
period of the hurricane. With these larger maps as guides, detailed analysés
of pressure ahd wind over the Lake Okeechobee area were made on two sepérate
sets of charts. Figures 2-10 portray the pressure patterns over the Lake at
helf-hourly intervals during the perlod of étorm.passage. Figures 11-61 -
portray the successive patterns of 1lO-minute-average wind.épeed.and directim
over the same area. The wind charts are for 1lO-minute intervels during the
critical period of 2000 EST of the 26th to 0200 EST of the 27th, and for

| houriy intervals for several hours on either side of the critical period.
The wind values are averaged over the 10-minute period from 5 minutes before
to 5§ minutes‘after the time indicated on each chart.

The wind charts illustrate the tremendous importance of surface friction
on wind speeds measured neasr ground or water surfaces, and the observatilons
suggest possible explanations of peculiarities often noted in the pressure
and wind patterns of a hurricane. For instance, the "longitudinal" divergence -
| (in the direction of the‘ undistorted hurricane wind field) which exists with
| an offshore wind, appears at least partially to be compensated by a “transverse”
convergence (across ﬁhe undistorted streamlines). The opposite effect is
 noticeable with winds directed onshore. Such features of the wind, parti-
cularly noticeable on figures 36 and 37 , must play an important role in
producing distortions in isobars passing over a coastline, as in figures T
and 8 . Similar circumstances, noted in studies of other hurricanes, have
given rise to considerable difficulty in tracing the paths of hurricanes -
crossing the Florlda coastline. |

In additioﬁ to gustiness of varying periodicity, the anemograph records

show longer-period (20-30 minute) rises and falls in wind speed during passsge



of the storm. Many of these fluctuations must be associated with the spiral
ba.nds of turbulence and squall§ weather observed in airplane .fiighte through
tropical storms and shown remarkably well on radar PPI-scope photographs
of recent hurricanes. An example of such a photograph for the hurricane of
VAugust 1949, Z;%}é‘%@r, 1s shown in figure 62, furnished by ”the Fngineering
and Industrial Expez;iment Station, Flectronics Research Leboratory, University
of Florida.
. ' WW

Although the wind charts are drawn to suggest a rather uniform accel-
eration of the surface wind upon leaving lend, and of Gscelem%;i;)n ‘upon
approaching the shore, the precise nature of the acceleration remsine mmch

In doubt. Addition of one or more judiciously placed Lske stations would

materially aid in clarification of the problem as to how rapidly the wind

speeds up or slows down upon c¢rossing a coastline. .
The Hydrometeorological Section is comtinuing to study deviations,

’ sucix as the above, from symmetrical wind and pressure fields with the aim

of developing quentlitative methods of introducing them into a generallzed

wind model. Iz\a its present stste, the model consiste of an emplrical

description of a symmetrical hurricane surface-wind psttern upon which are

superimposed local adjustments to account for effects, on gurface wind

speed, of a friction factor which varies with the type of surface traversed

by the wind. The current model may thus be considered as a first approxi-

mation for determining inﬁemlations of win:i speed, direction, and duration,

and such ocesnographical | parameters as fetch, wind tide, and wave helght. '

Derivation of the model as 1t applies to the hurricape of August 1949 is

given in the following paragraphs.

Dotermination of the storm path

General forecasting techniques do not require extremely accurate pin-.

929182 O - 51 - 2
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pointing of the exact “center" of a hurricene, nor is theﬁo;a particulag
need for giving a definition-of "center". For some time the Hydrcmeteofo-
1ogica1.Secticﬁ‘has been attempting to develop a gené%al theoretical repréé
gsentation of tropicai storms for the lake Okeechobee area, and has ex-
perienced'cohéiderable difficulty reproducing winds near the "center" of
such storms through use of‘Cyclostrophic or gradieni wind equations. The
reason for much of the difficulty is that the wind center and center of
miniﬁum pressure are not always coincident. In order to be consistent in
location of "center" and yet avoid depending completely upon the pressures
at one or two stations near thé “center"” for location, the Section ﬁecidéd
to uge a "center of pressure symmetry” to define successive positions along
the §§th: The center of pressure symmetry at any time is defined as that
location which produces the best fit of all simultaﬁeous pressure readings
to a smooth mean pressﬁre profile for the total stérm period dver‘the Lake,
Flgure 53 ghows the path of preésure'symmetry determined for the 1949 storm.
For comparison, figure 64 shows the path of minimum pressure determined by
means of isochrones of minimum pressure and isobars of minimim pressure. Itv
is interesting to note that whereas the center of pressure symﬁetry passed
to the north of Port Mayaca, the éenter of minimum pressure pessed south of
it. Due to storm movement, the path of the center of wind rotation is not

coincident with either of the above paths.

The wind direction pattern

Assumption of gradient wind conditions with flow parallel to the iso-
bars would result in considerable error in wind direction, particularly near
the center., This is 1llustrated by the Tfact that the center of minimum

pressure passed south of Port Mayaca, and yet the winds backed at that station

-
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ras the hurricane moved éestward across the Lake. The impliéation from the
observed data, then, 1é that a “"wind center"” passed north ofrPort Mayaca, -
Therefore, it was necessary to devise a practical means of showing in-
stantaneous wind directions. With a transparent sheet always éligned north
and south and always centered at the center of pressure symmetry, wind
directions were plotted at ten-minute intervals (figure 65). On this chart
the sus@ected distinct cegter of wind rotation became evident. The bearing
angd. distapce of the wind centerxfrpm the center of pressure symmetry were %
determined and this constant vector adjustment was applied to ali positions
aloﬁg the path of pressure symmetry to obtain a path of wind rotation. All
subsequent measures of distance and references to path are based upon the
position of the wind center.

Figure 66A shows the mean deflebtion of the observed wind direction
from a perpendicular to a radius (drewn from the center of wind pattern)
as a function of distance from the wind center. There are indicatioﬁs that
thére may be relatlonship between rate of chenge of deflection angle and
position of the station relative toc the path of the storm cehter. However,
a8 a flrst approximation used Iin this report, it appeared suiteble to
 attribute the deviations from a symmetrical pattern to local statlon ex-
posure characterlstics. Assuming, then,’that deviations from a symmetrical
 pattern are due to local characteristlcs, and 1n_order to facilitate draw-
ing of a sequénoe of charts, the.mean deflectlon angles were converted into
a spiral as shown in figure 66B. Centering the curve at successive positiors
of the storm center permiﬁs quick reproduction of the mean 1nstahtane0us
wind &irectionéiwithin the field of the hurricane. Figure 66A suggests

that the deflection angle becomes negatlive for dlstances less than five



o .
;1198 from the oenterAdf the storm. Actually, two observations within five
~miles of the center;éo show such deflection angles., It is interesting to
note that the observations suggest outflow from the center which ié in
agreement with the mechanics necessary to produce dissipation of clouds )
and the resultant "eye" of the storm.

The wind speed field

In order to establish a general wind-speed field, it was necessary to
fix a standard of wind with nearly constant frictional effects. Since there -
were three stations operating on the Lake, 1t was decided to use as a base

an "over-water" wind as defined by the observatlons.re

cho . Figure 67‘is an envelopment of all lQ—minute average speeds re-
corded.at the Lake stations. TFor convenlence in use for deeign procedures,
envelopments are the most sultable valqu to uge. It should be pointed'
oﬁtAthat the wind field represents condltions in the vicihity of Lake
Okeechobee, and not throughout thevlife of the storm, and further, the
velocities represented are l0-minute averages obtained by procedures pre-
viously described.

In order to establish adjustment factors for site and exposure of
anemometers/at the statlions along the shores of Lake Okeechobee, the winds

at each station were separated Into two categories - off-land, and off~

water. For each station a mean percentage of over-water wind was de-

termined for each of the tw% categories, Table 4 expresses the relation
e 5 % ,

of off-water and off-land winds at each station as a percentage of the

over-water wind.
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Table I
K Percent over-water wind
Station . | Off water Off land

Hurricane Gate No. 1 55 e %5&..

(14 " ” 2 R ’

”" " " )4_ 80 66

" " W 5 56

" " " 6 57 y /'_)9 %}

, O . 4
Port Mayaca 5h‘4i}§”4/

The low value of off-waterbﬁind foriHurricane Gateyﬁo. l/ié probably
~due to the fact that there 18 a consider&ble.stretch of marshland on the
water side of the station, so that for practical purposes this station may 1
be conslidered as not having a true off-water exposure.

Off-watef winds at the remaining stations 1ndicate the effects of de-
celeration as wind approaches the shore, since with onshore winds, one
would otherwise expect well-exposed anemometers to show velocities equal
to the over-water velocities. The cﬁmulgtive effect of increased friction
over land and consequent convergence at the shore apparently produces &a
slowdown of the wind before reaching the shoreline./ An item of added
interest in this connection requiring further study 1s an apparent curvature
of thc.path of a:hurricane when crossing a shoreline. On approaching a shore -
line from water there appears to be an excess of pressure, or mass accumula-
tion, to the right of the path, and a deficit of pressure to the left of the
path. Immedlately upon crossing the shoreline and passing onto a surface
of uniform frictional effects, then, the apparent path shifts when the
pressures to right and left approach symmetry.

 Applications of the analysis

Reliability of the procedures was tested qualitatively by an attempt
to reproduce observed wind directions and speeds for the storm of August

26-27, 1949, Since the 'whole procedure is based upon an averaging of the
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observed conditions in the gtorm, it can be expected that there should be

a fairly close agreement. Figure 68 is a typical reproduction of the wind
direction aha speed as outlined by the sabove procedures. The agreement with
observed values plotted at the individual stations indicates that the con-
currence ls of sufflcient accuracy for use ih'determination of wind-tide
and waves for design purposes,

It is believed thét’the effective hurricane history can be increased
over areas commonly visited by such storms by the technique of transposition.
In order to assist In the estimation of the maximum possible rainfall over
river basins, the Hydrometeorological Section has been applying such techni-
ques to storm rainfall for some years, with conslderable satisfaction. At‘
the present time the Section is applying thé-procedure of wind analysis
described, to other tropical storms in ¥Florids for Vhich suffiéient data
are avallable to provide a fairly reliable analysie, Within reasonsble
meteorological 1imits éach of these storms will be transposed in such fashion
as to produce a critical seqﬁence,of winds at a particular levee or flood
control structure. Thus, after the completed transpositions, oceanographers,
famillar with the relationships between winds and tides or waves, will be
eble to estimate the needs of a design structure adeguate to cope with a
‘ situation arising from critical passage of a tropical storm of ﬁagnitude
comparable to any which has been experienced in Florida.

Thie report has deliberately been confined toidiscussion of the em-
pirical analysis of the %9&9 hurricane, based wpon fhe excellent set of
observations obtained during the storm. Other tropical storms are being

subgecte& to simllar analyses and transpositions by the Hydrometeorological

Section., The theoretical aspects of hurricane mechanisms have not been



1

neglected, however, since the préblem of estimating meximum possible hurri-
~cane winds will require a thorough investigation of all the possible vari-
ables, These and other theoretical considerations are a continuing phasge

of the overall investigation of hurricene winds.
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METEOROLOGICAL INSTALLATIONS
ON LAKE OKEEGCHOBEE, FLORIDA
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