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UNITED STATES DEPARTMENT OF COMMERCE

WEATHER BUREAU
WASHINGTON 25

July 19, 1957

IN REPLY, PLEASE ADDRESS
CHIEF OF BUREAU
AND REFER TO

0-6.12

1957.
Charles S. Gilmem, Chief
Hydrometecrological Sectimm
Avtachmemrts
ce: 2 with attachments to OCE
1 with attachments to BEB
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
- WASHINGTON 25

m’ ". 1,57 IN REPLY, PLEASE ADDRESS

CHIEF OF BUREAU

AND REFER TO

0-6.12

MEMORANDUM EUR 7-38

FROM : Hydvometeorological Section
SUBJECT : Curving hurricane tracks as related to Lake Pontchertrain

REFERENCE: Motes on conference held at New Orlesns District 0ffice
June 13-14, 1957 re hurricane studies

Enclosed are two attachments regarding curving paths of hurricsnes
in the vicinity of Lake Pontchartrain. The firet is a study by

the Rydrometeorelogical Section of path characteristics im the
vicinity of the Lake. mmu.m-cwmmwu
in Charge of the New Orleans Westher Buresu 0ffice (Nurricame Fore-
cast Center for Middle sad Vestern Gulf) regarding critical paths
mmm.mn-‘mubymm
ological Section. The éritical peth exhibited in Atvachmemt 2 of
the reference notes is quite similar to the New Orlesns WBO most

- eviticsl path, Track A.

This uql-t.;- our sssigmment under pavagraph 11b (2) of the refex-
ence notes.

Charles 8. Gilmen, Chief
Rydrometeorological Section

Attachmente
¢e: 2 with sttachments to OCE
1 with attachments to BES



FURTHER ANALYSIS OF HURRICANE CHARACTERISTICS IN THE VICINITY OF
LAKE PONTCHARTRAIN

Introduction

This report is concerned with analyses of hurricane track character-
istics in the Lake Pontchartrain area (1, 2), namely:

1) evaluation of a factor related to the degree of turning at
recurvature of the tracks of hurricanes passing near Lake
Pontchartrain;

2) statistical measures concerning:

a) the location of mecurvature with respect to
the Lake,

b) the relation between the curvature factor
and intensity;

3) copies of tracks illustrating:

a) the typical nature of recurvature and also some
of the less common cases of non-recurvature,
b) loops and eccentric turns.

The data used in the analysis presented below were restricted to
storms whose tracks came within 120 nautical miles of the center of Lake
Pontchartrain. Such a distance represents more than twice the larger radii
of maximum winds observed in strong hurricanes. All tropical storms, re-
gardless of intensity, that met the above criterion, using tracks as shown
in Tracks of Tropical Storms (3), were used in the compilations and analysis.

Characteristics

Pertinent characteristics of the storms have been tabulated in table 1.
Data for the table were taken for the most part from National Hurricane Re-
search Project Report No. 5 (7) and from Preliminary Summary of Gulf of
Mexico Hurricane Data (5).

Column 6 of table 1 lists a factor that gives a rough indication of
the sharpness of turning in the region of recurvature along the track. The
factor, given, 40/4S, was adapted from the much more exact function:

K= lim 29 . cyrvature
46~ 048

where 29 is the increment of change in the angle between the tangemnts to
the end points of the increment of arc, 45, along the curve. The curva-
ture factors given in table 1 were all computed for a fixed length of

track of 240 nautical miles (equal to 4 latitude degrees). The larger the
factor, therefore, the sharper the turn. Figure 1 shows the distribution
of the factor 846/4S for all 62 storms. Note that 22 out of the 62 storms,
or about 35 percent, continued past Lake Pontchartrain on a roughly straight
track,> 8/6S = 0. The point of recurvature (where the 28/a8 factor was
measured) was construed in the usual sense to be the most westerly position
of the storm track when making the curve (concave eastward) around the sub-
tropical High. This definition was adapted from Riehl (6, see especially
page 34l1), who stated that '"the passage of a storm across the subttopical



ridge, is termed recurvature, a somewhat inaccurate but well established
name."

tr ressures

The frequency of central pressure values has been graphed in figure 2.
The portion of the distribution for central pressures of 29.00 inches or
less at landfall was known from data available in previous studies 6, 7).
The remainder of the frequency curve for storms with central pressures
higher than 29.00 inches is an approximation, based on the negatively
skewed distribution of central pressures for all storms, both above as well
as below 29.00 inches, that crossed the Gulf Coast. The curve of figure 2
indicates, for example, that 30 percent of all storms that passed within
a distance of 120 nautical miles of the center of Lake Pontchartrain had
a central pressure of 28.9 inches or less; 60 percent had a central pressure
of 29.4 inches or less, stc,

Location of recurvature

A tally indicates that of the 62 storms that approached within a dis-
tance of 120 nautical miles of the center of Lake Pontchartrsin (table 1),
34 recurved without reaching the longitude of the center of the Lake, 25
tracked farther west than the center, while thres moved almost directly
over the center of the Lake.

With respect to the latitude of the most westerly position of the track
at recurvature, there were 29 occurrences at a latitude below that of the
center of the Lake, 11 at a latitude north of the center, while in 22 cases
there was no recurvature.

Variation of 46 with storm intemnsity
AS

The possibility of a relationship between sharpness of turning at re-
curvature and central pressure was considered. A scatter diagram was plotted
of 48/aS against Po (figure 3), but the wide scatter indicated that the
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relationship between the two variables was not strong. This check therefore
presents another bit of evidence in favor of the generally held belief that

factors other than central pressure may have important influence on the na-
ture of recurvature (6).

Typical hurricane tracks

Typical tracks of hurricanes that passed within a distance of 120 nau-
tical miles of the center of Lake Pontchartrain are pictured in figure 4
Note that of the eleven tracks shown, the region of sharpest turning at re-
curvature is north of the Lake for some and south of the Lake for others.
Central pressures and radii of maximum winds at landfall have been indicated
along the respective tracks in those instances where the values were readily
available. The tracks of several hurricanes that did not enter into the
present analyses appesr in figure §. These tracks were selected to illustrate
further the nature of the curvature or loops that have occurred in this gen-
eral area and may recur. The occurrence of such "abnormal' tracks with "all
kinds of aberrations"” (6, see especially page 34l1), such as humps, loops, etc.,
taking place to the north as well as to the south of the Lake should be con-
sidered a possibility.

Speed along track versus curvature factor

The average speads in the region of recurvature, for 32 out of the 62
cases where computations were feasible, were compared with the corresponding
curvature factors, given in column 6 of table 1. The scatter diagram of
speed against the curvature factor appesred to be random, and the computed
coefficient of correlation was zero.

Conclusions

The analysis of a group of tropical storms and hurricanes that tracked
near or over Lake Pontchartrain indicates:

1) More than a third of all the storms did not recurve in the usual
sense.

2) Recurvature may take place in any direction from the Lake. In
the past, the occurrences were more frequently:

a) to the east rather than to the west of the longitude
of Lake Pontchartrain,

b) to the south rather than to the north of the latitude of
Lake Pontchartrain.

3) No strong relationship existed between central pressure and the
sharpness of turning of the track at recurvature.

4) Zero correlation was obtained between the speed of the storm
center and the sharpness of the turn at recurvature.

The study also indicated the location and shape of both typical and
atypical tracks.
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Table 1. Curvature Data of Hurricane Tracks Passing Within 120 Nautical

Miles of Lake Pontchartrain

continued
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*0ct. 13-17, 1923 29.10e 30 W 17°30' 31 16.2
Aug. 21-27, 1926 28.31 60 W -- --

Sept. 11-22, 1926 28.20 75 | -- -~
*July 11-17, 1931 29.70e 75 W -- -~
*Sept. 18-21, 1932 2%.50e 60 W -- --

*0Oct. 7-18, 1932 29.40e 15 w 23°30' 48° 14.4
&ug.24-Sept.3,1932 28.90e 75 E 34°30' 43° 11.2
June 4-21, 1934 28.52 45 W 32° 38° 13.7

*0Oct. 1-6, 1934 M 105 E 26° 63° 9.6

*July 26-27, 1936 29.60e 0 - 30° 67°

*Aug. 20-22, 1936 M 15 E -- --

July 22-Aug.l, 1936 28.46 120 B -- --

*Sept.29-0ct.3,1937 29.50e 90 W 29°30' 46°

#Sept.16-21, 1937 29.60e 120 B 1 22° 50°

*Sept. 23-26, 1939 29.60e 0 - 29° 23°

*June 12-16, 1939 29.45e 105 E -- --

Aug. 2-10, 1940 28.78. 120 W 33° 40° 6.5
*Sept. 19-24, 1940 M 45 W 28° 105° 9.5
*Sept. 11-16, 1941 29.40e 120 w -- --

*Sept. 8-10, 1944 29.50e 60 E 25°30' 49°

*Sept. 3-6, 1945 M 15 E -- --

*June 13-16, 1946 M 105 W -- --

Sept. 4-21, 1947 28.57 15 W 35° 87° 16.2
*Sept. 7-8, 1947 M 60 E -~ --
*Aug.28-Sept.6,1948 29.15e 15 E 36° 15°
*Sept. 3-5, 1949 29.65e 30 W 31° 39° 12.0

Aug.20-Sept.1l, 1950 28.92 105 E 27° 33°
*July 28-30, 1954 29.45e 120 W --. --

*July 31-Aug.2, 1955 29.50e 15 W -- --

*Aug.23-29, 1955 29.50e 15 E 34°30' 62° 14.0

*June 11-14, 1956 M 15 W 24°30' 26
Sept.21-30, 1956 28.76 75 E 27° 55° 10.4

*Indicates less than hurricane intensity

M-Missing
e-estimated
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(In memorandum to Chief, Hydrologic Services Division, USWB,
dsted July 5, 1957)

mm‘mﬂmmmﬂ.m

1. Bmimamtmmmmamﬂumtﬂm
murricane Torce portherly winds over the Lake.

2, Hurricane st some earlier time must be in = position
to produce high tides in lake pomtchartrain.

B.Jhethtumam conditions persist the
more serious the set up becomes. (elow woving hurricams ) .

Mcﬁitmmdmumhvnw&mwichum
Mimanﬂhmﬂdwmnﬁrﬁm;zﬂuc
previous path.

there have been veveral trocke (23tho xmther infreguent) similaxr
to it in the Gulf, and becauss wmm(aocam} recurvature
period the hnrricene would most 1ikely e moving slowls. Tracks
Bmd(:mlﬂahohomumlm*.m chancee nre that the
forward apmﬂml:lhemtcr.“
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UNITED STATES DEPARTMENT OF CGu.... PR
WEATHER BUREAU , . - Q\
WASHINGTON

July 9 s 1957 IN REPLY. PLEASE ADDRESS
CHIEF, U. 8. WEATHER BUREAU
WASHINGTON 28, D. €.
AND REFER TO

0-6.12

TO : Mr. A. L. Cochran, Civil Works
Office of Chief of Engineers
Corps of Engineers

FROM : Hydrometeorological Section

SUBJECT: Additional figures for Memorandum HUR 7-37, dated June 12, 1957

Herewith are figures 2A and 2B for the subject memorandum. These present
isovel charts for Lake Pontchartrain for two additional times in the
September 19, 1947 storm, as requested by you by telephone. Copies of
these figures were sent to the Beach Erosion Board on July 8 by special
messenger.

{/W / ;%/[WW

harles S. Gilman, Chief
Hydrometeorological Section

Attachments
cc: 2 with attachments to OCE
1" " to BEB
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June 12, 1957

?77 0-6.12

MEMORANDUM HUR T-5J
FROM : Hydrometeorological Section

SUBJECT: Wind Speed and Direction Charts for the Lake Pontchartrain,
Chandeleur and Breton Sounds and Mississippi Delta Regions,
September 19, 1947

References: A. Note from Mr. A. L. Cochran, dated 16 May 1957
B. Telephone request of 2 May 1957 from Mr. Nunn of
OCE to Mr. Myers of HMS.

Wind Fields

Please find herewith wind speed charts, Figures 1 through 6, showing
computed wind speeds and directions over southeastern Louisiana waters,
at selected times along the track of the hurricane of September 19, 194T7.
Lines of equal wind speed are given by solid curves. The interval between
these isotachs is 10 m.p.h- Arrows Qave been used to indicate the direction
of the wind.

Steps Used in Computing the Wind Fields

Recently, an additional amount of data was obtained from the Huey Long
Bridge, five miles west-southwest of the center of New Orleans. This data
agreed with the track of the storm center shown in Hydrometeorological Report
No. 32. Therefore, the above track, Figure T, was used in the computations.

An average radial pressure profile for the period 0300 CST to 1100 CST
inclusive, Sept. 19, 1947, Figure 8, taken from the Hydrometeorological
Report 32 work files, based on data from Burrwood, New Orleans, Baton Rouge
and Lafayette, adequately covered the period selected for the analysis. The
above pressure profile was used to compute the corresponding average wind
speed profile at gradient level. The form of the gradient wind equation used
was:

=R

i T
Vg + 20vsin ¢ Vg =1 (P, - Py)

r Q

Bse
r



The gradient speed profile was in turn converted to an over-water speed
profile by the use of the ratios given in figure 26, Hydrometeorological
Report No. 32. Lastly an over-land speed profile was obtained by applying
the factor 0.7 to the over-water speeds.

The theoretical over-waterand over-land speed profiles were adjusted
to the available wind speed observations yielding six consistent speed
profiles for each of the times selected for analysis. The observations had
been adjusted to a uniform anemometer height of 30 feet above the surface,
whenever feasible. An allowance was also made for the component of the
wind speed due to the forward motion of the hurricane. All speeds were
averages over a ten-minute time interval.

A constant deflection angle of 30° was adopted. This angle represents
the best compromise of all the values observed during the analysis period
at several stations, at various distances from the storm center.

In summary, the charts represent 10-minute average wind speed values
at 30 feet above the ground, adjusted for the character of the underlying
surface as well as coastline effects, and including an allowance for the
component due to the forward motion of the storm.

Miscellaneous Information

Central pressure at landfall on the Louisiana coast: 28.57 in.
Central pressure at landfall on the Florida coast: 27.76 in.
Radius of maximum winds in the Louisiana region: approx. 34 statute miles.
Speed of storm in the several hours prior to landfall
(Gulf Coast): 15-16 m.p.h.
Speed of storm in the first few hours after landfall:
approx. 20 m.p.h.

Charles S. Gilman, Chief
Hydrometeorological 8ection
Attachments
cec: 3 to OCE with attachments
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'UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

m 1‘. 1,5, IN REPLY, PLEASE ADDRESS

CHIEF, U. S. WEATHER BUREAUV
WASHINGTON 25, D.C.
AND REFER TO

0-6.12

o : Wr. A. L. Cochran, Civil Vorks
0ftice of Chief of Enginesrs
Cozrps of Engineers

SUBJEET : MNRRANDWM NOUR 7-28, wind Speed and Direction Charts
and Breton Semnis snd NMisstssippl Delta
Ragions, September 29, 1915.

Herowith is Nemorandwum 7-28 which furnishes wind spesd charts for the
louisianae Burricane of 1915 over ths Gulf of Maxizo waters.

Charies §. Gilman, Chief
Bydrometeorvlogical Sectiom

Attachments
2 copies with attechments to OCX
_ 10,477, Lo 7BE 3 w i 2l ghppe el




UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

l‘rCh 2.5’ 1957 IN REPLY, PLEASE ADDRESS

CHIEF, U.S. WEATHER BUREAU
WASHINGTON 25, D.C.
AND REFER TO

~6.12

WOSRANDUN: mUR 7-28
RON; Nydrometeorslagical Sectiem

SNBJECT: Wind Speed and Direction Charts for the Laks Pentehartrain,
Chandeleur and Bratom Seunds and Nississippi Delta Regions,
Septembax 29, 1915.

Refersnces: 4. Meworsndum BUR 7-15 sad the referesces therein.
b. Telephone regquest of last moath from OCK te NMS.

¥ind Fialde

Serewith sxe charts (figures 1 through 7) Mucmulum
speeds sad directions over seuthssstern Louisians watars, st selected
times along the track of the hmrricane of Septesber 29, 1915. In esn-
trast to the charts for Lake Poutchartrain that sceompanied Nemorsudum
R 7-15, the sew figures represent wind fields over a considarably lacger
srse. The times are the sams exsept for the substitution of twe charts
prior to landfall, et 0800 and 1000 €.8.7., in lieu of wind fields for
1700 end 1900 C.8.7. p revicusly submitted.

fy ¢ > 2t were followed to derive the
timuo!“? 15 nrcudtaehtmthmmmﬂs.

Slight veristion in the determination of the angle of inflow toward
low pressure was deemsd advisable Based on sdditional empirical informs-
tion. The direstion arrows have besn sdjusted to poiot in toward low
pressure st varieus sngles up to as much as 35 degress ever land and 32
dagress over water, depanding upon the tepography. The dafiectisn values
ef 35 and 32 dogress wers spplied st distances grester than ths veldins
of waninen winds from the conter. Lasser daflection anglez ware indtcated
by the graph at lecatioas within the radius of maximum winds. Im the
exriier charts the cervesponding wvaluss used wers slightly higher, be-
ing 40 degress over land end 37 dagress over water raspectively.

The spesd prefile for 1200 C.5.T., September 29, just prier to
landfall, was slso used for ths charts at 1000 and 0800 C.8.T. Other-
vise, oueh of the charts is based wpsn ite respestive speed profile,
these being identical with the profiles prepared fer EOR 7-15.

Chaxles $. Gilmen, Chief
Attachments ly&rmunalo;tm Ssctien
2 eopiu with att. to
[ Capty Lo BEB U
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON 25

October 19, 1956

|N REPLY, PLEASE ADDRESS
CHIEF OF BUREAU
AND REFER TO

0=6.12
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU g

WASHINGTON 25

Ootober 10, 1956

N REPLY, PLEASE ADDRESS
CHIEF OF BUREAU
AND REFER TO

0-6.1

70 :+ Mr. A. L. Coclran, Civil Worke
office of Chief of Fagineere

TROM : wwmmlw
SUBJECT: MENORANDUM EUR T-1&

"Turricane Characteristics in the Vicinity of Lake Pomtehartrain
and New Orleens, la.”

Forwerded herewith is memorandum HUR 7-1( which gives speeds annd rTecords
of motions, central pressures, muuarmummmm
for use in choosing project hwmricenes in the Louislana area.

Charles 5. Gilman, Chief
Hydrometeorologlical “ection
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON 25
W m’ w IN REPLY, PLEASE ADDRESS

CHIEF OF BUREAU
AND REFER TO

0 t M. A. L. Cochran, Civil Works 0~ 12
0ffice of Chisf of Engineste

FROM @ Hydrowsteorological Section

SUBIEOT: Furricane Cheracteristics In the Vicinity of lLale Partchar€rein
and Bow Orlosws, La

Refevence: Memorandva to Dr. C. 8, Gilwen, BB 13 July 195, sabject:
Eurricune Survey, New Ovissns District (item b)
Nemorendum from 00K to M 2 July 19%6, sudject: Hwricens
Barvey, New Oriecaw District
Conference st BEB 11 July 1996

Tracks

Pracks of hmxricapes in the Gulf of Mexics from 1437 through 1955 were
exnmined. mmmﬂﬁmwummwmmn
29.00 inches thet passed within 120 nantical miles of New Orlsans, la., vere
studied in detail. Twelve storms wet these criteris. (Flossie of 1956 is
not included amd will be reporded on lnter.)

The dates of the hwrricamee are listed in Padble 1 and thelr tracks
showing bi-howrly positions of the center ave givem in figuve 1. Nusbers
to the laft of the track give the bhourly rete of movemsst. MI4-Gulf harri-
canpe o grester distance fram New Orlsens and Lake Pontchartrain were
stadied In less detall. The tracks of these additional mid-Gulf hmrricenss
are shows In figare 2.

Birectisn of motios

Tow melority of the twelve storws within 120 miles of Lake Pontchartrein
- entered the const from the sautbwest through southesat and Wmoved narth-
aartinmet over the latituds span of the Lake. %The hwrricanes of Agmt 25,
1906 {figure 1h) snd depbember 20, 1026 (figare 1) werwn exceptions. They
m&mmmwmwmmmmmmmﬁmmm—
cha in. :

The aversge divection of zovement acrcos the latituds of the laks for
these storme was fyom the south, 170°. The direction of mowvement for seck
storm across the latitede of ths Lake to the nearest 5° les listed in Table
€ and shown grephically in figoe 3. The cenmters of only 3 of the huxri-
canes passed dlrectly ovewr s portiom of the lam. The directkion for the
okhere is the sverage for the lstitude span of the lmke {F30° - N30°25') .Thewe
wep no significant Aifference in the dbrection af movenent at the latitude
of the lake for the hurricmnes which passed to the east of the cember of the
lake snd thomse which peasned to the west. Approximstely omw half or slightl;
over one half of all troplenl storwe that resch the Lonlsisne cometal area




- -

recurve to the sortheast after moving inland

The aversge ate of mtlon scroes the latitude spem of the Laks wes
mwmmmmm&bmummmsmm
the 1095 hxricene (figae 12) %o 2% mots (n the 1916 and 19D hurri-
cence {figmwes If and Im). mwwmmmﬁmumh
uniform, in others quite wvariable. 1% is fotaresting t0 note that in
mmmmwxmmmmmw «
Loutstana coset, 1893 snd 1901, the stcrwe slowed down at shout the esme
potnt in Bremton Sound. %This sugpests the possidility of & hnrricene
wtalling in e position favorelhle %o puching weber into Lake Borgoe and

MWWMmeﬂammmlﬂm~
canss hear laks Footohartaulin are given in Tadls 1. The horyicape of
Septewber 20, 1915 bad the lowest cemtrel pressore, Shh ae. (27.87 10.);
the grestest Py - Py, 76 mb. (2.2h in ); sod the Mgheet value of grediest
wind Vg, 106 mph. The averege contral premsyre P, is 96 wh. (28.5% 1n.);
mmmﬁem,r,ummw. easkm) and the avernge
Pg =~ Por ¥6 w2 (1.50 1n.).

The avecuge radiss of maximm winds for thess storwe in the Lals Fom-
chartynin ares is 33 nautioal miles. The grostest redius listed 1 58
seutical milee. This lsst Tignve vac in uoe of the weeker storms sud 1is not
WM&@&WWM@“& The vale of
R and P, for each hurricsme and the values of R and ware graphed in
Figuree &k and 5 respectively and emvelopes dvewn to reim U ex-
trems copbizatiops of these valuse sxperianced in thie sawple of storms can
Yo determined by refersring to the envelopes.

MMﬁ&tﬂﬁwmﬂhma{mmm
romindsy of the wid-Gulf cosst, in the vicimity of Iake Gheechodee, and
thowe sukering the Tens coust. Telues of the hurrioeme pressure
mammmmmmxwmwm
Bepozrt No. %2 amd from other stusies made by the Nydramstecrologiceal Sec~
tion. _

Ternedouislane dorder to Appalachicols were axsminmed and four additionsl
harricanes with ceptrel pressures below 25.00 inches besldes those that
ceme within 120 nantical miles of Hew Orloame ware noted.



The tracks of these four hurricanes are shown in figare 2, and the wveluee
of thelr hurricans parameters are listed in %Yable 3, The moet intence
Fev Orlcsns. Bowever,; the aversge valmee of the paremsters of the hurwl-~
caneg in the New Urlesrm sree 41ffor little from the averege valuse for
the entire mid-Gulf ares (Pable 4).

mmwﬁmma¢Mammmmam~

c¢hobee. Bupressntative gtorms in the lake Gkyechobes sres, thoee that

passed inland about & degres of latitode north or soutk of the cenmter of
the Lake and myved within 60 nanticnl milss of the omnter of the ILale and
mmmmmmwmm.,mummm

baricanss listed fn 30 1 Bept Bo. 52, Table 5 lists

the pareseters of thess storms snd Figurw 6 showw ihelr trmchs.

Lalw Pootchertrnin ie about o degwe snd & half of latitude higher
than Lake Gsechobdes and 1t could be assumed thet moet pricanse reach-
Ing Lale Pantchertraln would W in o later sisge of dsvelopwent thean
‘thoas passing over lale Oksechobees. Amaﬁ‘mm
for these arean (Tohle §) hemre out this sesvaption. The averege cemtrel
presnure, P, for the Lake Clmechobee storme is 17 3b. {6.30 in.) lower
then the avernge oantral pressure for the Ialke Pontchmrirain sree. The
radice of maximgm wind for lLake Okeechobes is also smmller, 22 neutiesl
Wilss compared to %6 mantical miles. The svernge pressure depression,
(Pg - P5) in the Leke Okeechobee etorms le greater &5 sb. (1.06 in.) s
compared with 50 ab. (1.58 in.). The averege maximum grmdient wind, Vex:
ie also grester, 95 mph compared to 77 wmh. Figares 7, 8, and 9 compare
the wmluse of sentral presemres, vedii of maximmm winds, and pressurs
rferemces, respectively, for the lake Ponmtchertrain snd the Lake Okwe-
chobeo dRoTM,

55148 G B

The 16 burricencs with cenkrel presvures at the coast, of less than
£9.00 inches thet entered the Tamse cosst betwesn 1900 and 1940 were also
compared with the hurricenes in the lale Pontchertratin vioinity. (Figsre
10, Table 4.) These storms with their hurricens pevesmstars sre listed in
Tabla 6. mmmgmmmuiawmmm
storm entering the Tmma toast tends to hawe a e central pr
milns of mximm vind speed and grester presaure differonce (P
than the averege store that appecechss New Orlesns and lake Pooteh

IRddee

Figare 34 msm 38 in Hr&vomsteowological Regort %2 shows the
awm-mlpmmaﬁmeahmmmmv B. const




i
i
i
i
1
¢
|
|
i
b
i

¥
- g

ol mmm extaring the Gull comet. The retes of Filling were
awilahls fop £ Lake Pontohartretn Wxrricanes--Jime 16, 1096 snd Bept-~
smbor 17, 1087, 'Theme walnes ave given in Toble 7.

I appears Limt a vigovous harricene ayprosching from the woutk o
satiesnt conld be W%fxﬂa%%mmam@@ mm
it venched Lake Fontobartraie (G0 miles inlmnd}. (w&

Pg - P.. Y% decresme in wind speed A% the gredient gy appressire

Charles 5. Gllmen, Chisd
Eyéxmtmamgicd HZection

ces 2 with stiechments o K3
1 with sttachuonts 4o BER
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Emricanes in the of New Orisams 1837-1955 Ratice of
mnutmzmm P

Hurricenes in the of lake Podkrhertrain 1887-1955. md’
Pressure Differences = ¥,) to Fadll of Mexiwum Wind,

Eurricane Tracks 1900-1949--lake Okeechobee.

Accumulated Frequemcy of Radii of Maximm Winds--Lake Pontchertrain.

Accumniated Fregquency of Hurricame Presswre Differences--Laks Ponk-
chartrein end Lake Oksechobee Vicinity.

Regional Accumuleted Frequencies of Centrek Pressures.
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
Qe tinar"g;°
IN REPLY, PLEASE ADDRESS

CHIEF OF BUREAU
AND REFER TO

0-6.12

HRKBANUCE: R T-15
FRON: Eydrometeorologicsl Section
SUBINCY: RHuarricsne Babs for Nev Orissns Bistricle-fagtember 1§15 Eurricsne

Referances: a. mmmwm. eubject: Barricane Survey
mwmmmam:rm

Ce mmmme.a.m. sabject sene as
mﬁ',umm

Mefthmefwm, 1915, ss showm by €line,
(1, 2) and in Hydroswt. Repert Bo. 32, {3) were recxsmined. Some ad-
Justaents were considmred advissble in view of:

&. Better consistency betwoen positiocns for ths center
snd comments mads by coocperative cbuervers, as listed
by Cline.{1)

b. More detsiled examination of center positions with
grans along the path of the storm.

c. Besults cbiained by spplication of several other
technigues deseribed in Eydromet. Report ¥o. 32 {(3),
see gapecially pages 6 to 3k, .

mmmmumznmatmm,

mmmmwmwmmmmm
when the centar was nesr the Gulf Cosst and over Leke Pontehartinin. The
fioal gprofiles regressnted a ressonsbie cowpromise beiween all aveilsble
chserved prossure values and the pressure dstridution resuliiog fras ep-
plication of the thecretical rasdial grofile formls nasher 1, in Eydro-
net. Baport No. 32, see especially page 2. It was sssuned that the dig-
tribation of gressure in & hurricene was symmetiricel sad circular sround
the center. Parsmeters are listed in lasat paragreph of mamorendiu. '



UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON 25

Getober 9, 1956

iN REPLY, PLEASE ADDRESS
CHIEF OF BUREAU
AND REFER TO

0-6.12

mw : M. A. k. Cochran, €ivil Works

e : Hydrometeorologicel Section

SUBJECY: MRNORANDON BUR T-15 Aot /-39
“Burricane Data for Bew Orlssns Mistrict--Septesber 1915 Burvicsae®

Enclosed is HUR 7-15 which gives poranmeters for the hurriesne of
Septexber 1915 and charts of wind speeds snd direction over lake Poat~
chartrain and vicinity reconstructed for this hurricene. This hnrri-
cane sppears Lo have besu the most severe of record in the New Orlecens
ATSA.

€harles 8. @ilmsn, Chief

Attachmenta
cer 2 with attachments to 6CB
1 with sttachments to BEB




m«mmum%uemmm«mmmm
pressure profiies were enrried a fov steps furtber, pemmitting evalustion
of theoretiosl gradient wind speed profiles. The grelient speed profilas
ware sdjusted to over«water spesds at snemometsr level, by agplicmtion
of figure 26 iu Hydromet. Report No. 32. When plotiing the igotach maps,
over-uater speeds wvers ocuverted to over-land speeds by multipliceticn
by 7. This feetor wes an sverage valus determined by inspeetion of
soversl retios of over-watex to over-land speeds. lestly, the wind
spesd st any given direction from the ceniex, within the storm, wes od-
Justed to include the proper cagonsnt resuliing from the movement of
the hwrriesns as 4 vhole. The divection sarrows peint in towsrd low
pressurs at varicus angles up to as mueh as WO degrees from the gredient
wind divection. The deflection sugles were taken from o gragph showing
svorsge daflsction (smoothed) of the wind at New ¢Orlesns, with distance
fyvom the centexr. IO-minnte sversge wind spesds and directions for Lake
Fontebhartrain and vieinity ere shown in sttached charts for seven 4if-
farent hours.

lovest pressmure obgserved by berometer in Loudsisnm: 28.01 inches =
9‘8:5 millibars .

Jovest pressure in Loulsisne estimatad from pressure profiles:

27.87 ioches = 9h3.8 millivers.

Lowvest pressure reported by cne ship in the western earibb«m
£7+50 inches « 93h.3 nillibars.

Badius of maximum winde: verisble with time, 23 to ﬁémmﬂ
miles (couputed}. Cline {152C) stated that the
steepest barameiric grafdients were found 15 to 40 miles
fram the eenter, Maximum winds in hurricanes are at
approximately twice the radius of the meximum pressure
Mmt.

Speed of center acrvas Louisiane; 10 to 12 miles pexr houx.

Wind speeds recorded st Nev Orleans: (eenm mm 15.5 statute
miles to the vest).

Mwinwmhorh&mmhhmm.

2) Wind spead wes 47 mph or higher for @ hours.

3} Maximum S-minute aversge speed was 66 mph frem
the Southeast.

k) The fastest mile wms 98 uph.

Wind speeds recorded at Burrvood, loulslenss

1) Wind epeed averaged 73 uph or over for & 2-hour
. period,



The mexinum S-minite evarage speed wes 94 uph.

immwmmn, spesd vas 08 mph for 19 minutes.
The faatest wile was 106 mph,

2
:

ammumefm:tmngthornmmmwboahmm
the difference betwsen the pressure gust cutside the goyeleanls olreulation
and the pressmure at the ceunter, P -.-3. Ammmm‘mum-

diontes that there was m&aﬁwl:y“n oi in inteansity from

m€$o!.,wmmmmjmtaﬁmmmmtmw
neaxly 1900 ¢.8,7., vhen the centar was over Lake Poutchertrain. After
1900 ¢. 8. ¥., the hurrieans filled at an accelersiing rate. The con~
elusion that there was littls change in intensity between 1200 C.B.%.
snd 1800 to 1900 6. 8. T. is supported by the bebavicr of the wind speeds
at Burrvood. The wind speed at this siation wes sbout 73 mgph at 173
€¢8.7., vhen the center e 75 neutical miles &istant to the northwest.

(1) Ciine, 1. M., 19151 The Tropicel Hurricane of Saptember 29, 19i5,
in louisisns. Monthly Weuther Review, v. 43, Ho. 9, Sepiember
1915, g, 456466 (mee aleo Chart III and Figures 1 through T.)

{2) E;gll?m, 1. M., %' m Cyelones. The Mocnillan g@c, H. ¥.

”. .
{3) Hyfrometeorologieal Sectiani 195h: Characteristies of U. 5.
.~ Burricanes Pertinent to Levee Desiga for Laeke Qksechobes, Florida,
¥.8.W.B. Maveh 1954, Loprt 31

Charles 5. Gilman, Chief
Hydrometeorologioal Section

- Abttachments
cet 2 with sttachnents to OCE
1 vith sttachments tc BED
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HEADQUARTERS
DEPARTMENT OF THE ARMY
OFFICE OF THE CHIEF OF ENGINEERS

WASHINGTON 25, D. C.
IN REPLY REFER TO

ENGWE ' 1k December 1959
SUBJECT: Hurricane Study - Hurricane Rainfall Criteria

TO: Division Engineer
Us S, Army Engineer Division, Lower Mississippi Valley
Vicksburg, Mississippi

1. Reference is made to letter of 20 November 1959 from New Orleans
District, subject as above, and 1lst Indorsement thereto of 2 December 1959
from OCE transmitting HMS Memo HUR 3~5.

2. In sbove referenced lst Indorsement, it was stated that a supple-
ment to HUR 3-5 would be prepared by the Hydrameteorological Section of
the Weather Bureau to include estimates of moderate amounts of reinfsll
that might be associated with standard project hurricane conditions., In
dccordance therewith two copies of the:memorandum HUR 3-5a, subject,
YEstimates of Moderate Hurricane Rainfall Applicable to Middle Gulf Stand-
ard Project Hurricane", are inclosed.

FOR THE CHIEF OF ENGINEERS:

M

1 Incl (dup) F, B. SLICHTER
HMS Memo HUR 3-5a, 11 Dec 59 Wief » Engineering Division
Civil Works

ILMVGK 1st Ind

U. S. Army Engr Div, Lower Mississippi Valley, Vicksburg, Miss. 21 DEC 1859

TO: District Engineer, U. S. Army Engr Dist, New Orleans

1 Inecl < ?.2.41)).

dup cy w/d




UNITED STATES DEPARTMENT OF
WEATHER BUREAU
WASHINGTON

December 11, 1939

HUR 3-5a

T0 :
e
SUBJECT:

Mr. A. L. Cochran, Civil Works
Office of Chief of Engineers
Corps of Engineers

Hydrometeorological Section

e

COMMERCE

IN REPLY, PLEASE ADDRESS
CHIEF, U. S. WEATHER BUREAU
WASHINGTON 25, D. C,

AND REFER TO

0-6.12

Estimates of Moderate Hurricane Rainfall Applicable to Middle

Gulf Standard Project Hurricanes

Herewith is tramsmitted supplement to HUR 3-5. This gives facters
to be applied to the mederately high values of rainfall estimates ap-
plicable to Middle Gulf Standard Project Hurricenes, Tracks A, C, F, b
and B, New Orleans Study, Zome B, in order to obtain moderate rainfall

values.

dd:

Charles 8. Gilman, Chief
Hydrometeorological Section

¥ to OCE with attachments
2

to BEB
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

'“du ll' 1’” IN REPLY. PLEASE ADDRESS
CHIEF, U. S. WEATHER BUREAU
WASHINGTON 23, D. C.
AND REFER TO

0-6.12

MEMORANDUM TO CORPS OF ENGINEERS
HUR 3-5a
FROM 1  Hydrometeoreleogical Section

SUBJECT : Estimstes of Mederate Hurricame Rainfall Appliceble to Middle
Gulf Standard Project Hurricanes

Reference: HUR 3-5, "Hurricame Rainfall Estimates Appliceble to Middle
Gulf Standard Preject Hurricames, Tracks A, C, F, D and B,”

The sbove reference gave estimates of "a moderately high level of
precipitation® for Middle Gulf Stamdard Project Hurricanes. Curve B, Im-
closure 1 of the reference was used in preparing the other tables and dia-
grams. In order to determine estimates of a moderate amount of precipita-
tion, curve A, the regression line which cuts through the average of the
dats, is used. To adjust the tables snd diagrame of the reference o &
aoderate precipitation amount, the precipitation values at a S mwph forward
speed are multiplied by & percentage factoer determined by dividing the
24~hour maximum precipitation at 5 mph on curve A, Inclosure 1 by the max-
imum precipitation om curve B. This sdjustment factor is 68 percemt. The
same procedure is followed in determining the adjustment fastor for the
aversge speed (12.3 knots) and the 15 mph speed. For both these speeds the
sdjustment factor is 67 percemt.

Table 2 of HUR 3-5 remains the same except for columm 5 (the 24-hour
index rainfall depths). In order to adjust these to a moderate precipita~
tion smount, take 68% of the 5 mph values and 67% of the 15 mph values.

Inclosures 2, 3 and & sre adjusted to moderate precipitatiom by taking
67% of the isohyets.

Inclosere 5, representing depth-duratiom-area percentage relationships
is unchanged.

Iulouruod?ucch-ndhsnnincmhudhrdnu!u-
ures 1 and 2.

Charles $. Gilmsn, Chief

Hydrometeorological Section

ce: 2 to QCE vith %ttachments
2 to BEB .
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UNITED STATES DEPARTMENT OF COM.
WEATHER BUREAU
WASHINGTON

Novemb” 30, 1%9 IN REPLY. PLEASE ADDRESS

CHIEF, U. S, WEATHER BUREAU
WASHINGTON 23, D. C.
AND REFER TO

0-6.12

LS
[
o

Mr., A. L. Cochran, Civil Works

Office of Chief of Engineers

Corps of Engineers

FROM: Hydrometeorological Section

SUBJECT: HUR 3-5, Hurricane Rainfall Estimates Applicable to Middle Gul?
Stendard Project Hurricanes, Tracks A, C, ¥, D and B, New Orlsans
8tudy, Zone B

Hevewith 18 tranemitted the Subject memorandum which furnishes maas
curves for scleoted critlical stations along Btandard Project Hurricans

Tracks A, C, F, D and B.

Charles S. Gilman, Chief
Hydremeteorological Sectlon

Attachments

cc: 2 to OCE with ettachments



UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

Movember 30, 1959

IN REPLY, PLEASE ADDRESS
CHIEF, U. 5. WEATHER BUREAU
WASHINGTON 25, D. C.

AND REFER TO

0-6.12

MEMORANDUYM TO CORPS OF ENGINEERS
HUR 3-5

FROM : Hydrometecorological Section

SUBJECT : Hurricane Rainfall Estimates Applicagble to Middle Gulf Standard
Project Hurricanes, Tracks A, C, F, D and B

Refereuce: Memorandum from OCE to HMS August 17, 1%59, Subject, '‘Hurricane
Criteria Required for WNew Orleans Hurricane Studies"

Introduction

Point 24-hour rainfall and mass curves for critical stations relative
to Standard Project Hurricanes (Tracks A, C, F, D and B) and a procedure
for determining areal hurricane precipitation estimates up to 200 square
miles pertaining to any zone B hurricane are submitted.

The point and areal precipitation estimates eubmitted are based upon
the climatology of hurricane rainfall in the middle Gulf Coast. They
represent a moderately high level of precipitation estimates but a level that
has been equalled or exceeded by several hurricame rainfalls of record im
this regfon. The magnitude of these precipitation estimates are well below
Standard Project Storm criteria and Probable Maximum Precipitation estimates
which indicate 24-hour point depths of 2] and §0 inches respectively for the
Louisiana coastal region. An average 24-hour maximem point precipitation
~ depth based on the mean obtained from 52 burricanes in the Gulf Region is
. 9.4 inches. The average forward speed of the 52 hurricanes sampled was
12.3 krots.

Hurricane speed-precipitation relationships

A study was made to determine whether speed of hurricane wotion in-
fluenced the amount of resulting 24-hour maximm point precipitation. A
plot of observed 24-hour point precipitation values (inches) versus hurri-
cane speed (knots) was made and is shown by inclosure 1. These date were
subjected to a statistical analysis and the regression line obtained is
shown by curve A on inclosure 1. It can be seen that there is a very slight
negative correlation (-.046) of decreased 24-hcur rainfall vith incressed
hurricane speed. However, the slope of the regression line was used as a
basis for setting the upper limits of precipitation estimates to be applied
to Standard Project Hurricanes. Curve A (regression line) was shifted upwerd



2.

on the chart (inclosure 1) until it undercut 10 parcent of the plotted

points (5 out of 52). This positioning shown by curve B represents cora-
parable limits of the precipitation index amounts to be used with Standard
Project Hurricane considerations. Curve B (inclosure 1) sets the upper

limit of maximum 24-bour point precipitation at 14 inches for hurricanes
moving through the middle Gulf Region with the aversge spead, {.8., 12.3 knots,
datermined from the above statistical analysis.

Arcal distxibution of 24-hour hurricane precipitation

The areal distribution of 24-hour maximum point hurricane rainfall was
determined and is shown by & generalized isohyetal pattern {inclosura 2).
This genevalized pattern was established by enveloping the 24-hour ischyetal
patterns from all hurricane occurxences in the middle Guli Region (zone B).
The chart's origin was fixed at a hurricane's point of landfall and then
oriented along the mean 24-hour direction of the hurricane after landfall.
The 10-inch 1sohyet was traced and then the highest point precipitation depth
within the 10-inch isohyet was marked at the point of ceccurrence for each
of the hurricanes. After the 10-inch isohyets were traced an enveloping
i0-inch ischyet was drawn. HNext an envelopment was mada of the maximam
point depths within the 10-inch fschyet and the 12-inch and l4-inch isohyets
were established.

Selection of 24~hour maximum point index rainfall depths

Point rainfall index dapths applicable to a Standard Project Hurricane's
predetermined critical area may bae obtained from the generalized isohyetal
pattern {inclosure 2} and then adjusted for the SPH's speed {inclosure 1)
in the foliowing manney:

1. Plot the SPH track and messure the distance in miles from landfall
to the point on the track that 1s closest to the critical station. (Se-
lection of critical station is arbitrary but should be near ceanter of crit-
ical area). '

2. Measure the lateral distance in miles from the poiat on the track
determined in step 1 to the criticel station,

3. Enter inclosure 2 with the distances determined by step 1 (horfzontal)
and step 2 (lateral) and read the 24-hour point rainfall amount denoted by
the generalized isohyets at that point. ¥£ the eritical station is located
nywhere within the confines of the l4-inch {sohyet use 14 inches as an index
depth, otherwise #nterpolate betwaeen ischyets. If the critiecal station is
located cutside the 10-inch ischyet then the lecation is beyond these SFH
congiderations.

4. To adjust the index depth obtained in item 3 for Standard Project
Hurricanes of differing specds read the 24~hour precipitation index depth
along curve B (inclosure 1) that corresponds to the selected Standard Project
Hurricane speed. If the index depth in item 3 18 less than 14 inches the
speed adjustment can be made by multiplying by the ratio of the precipitation



3.

amount et the Standard Project Hurricane's assigned speed to the precipita-
tion swount at the average speed (12.3 knots) of the middle Gulf hurricanes
on curve B (inclosuxe 1).

Exauple--1f the Standard Project Hurricene's asslgned spaed was 5 mph
and the critical statien i{s located 60 miles from landfall along the track
sud 30 miles to the left of the track the index depth from inclosure 2 is
13 inches. From curve B (inclosure 1) the depth for a hurricanc meving
12.3 knots 12 14 inches opposed to 14.6 inchas at 4 knots, giving an ad-
justment ratio of 104 percent. Thus the adjusted point precipitation
depth is 1.04 x 13 = 13.5 inches. It follows that had the critical sta-
tion been located within the 14 inch isohyet its index depth for a hurri-
canc moving at 53 mph would be 14.6 inches.

Note--Rainfell amounts taken from the generalized isonyetal pattern (in-
closure 2) are considered to be approximations for storms moving at the
average speed, 1.e. 12.3 knots of hurricanes of the middle Gulf Region.

Petermination of 24-hour depth-area precipitation estimates

The isohyetal pattern shown by the clear overlay (inclosure 3) can be
usad in conjunction with the generalized isochyetal pattern (inclosure 2)
to ascertain 2Z4-hour areal precipitation estimates for limited ereas. The
isohyetal pattern (inclosure 3) shows the shape which envelops all the
isohyetal combinations that went into the establishment of the generalized
isohyetal pattern. The l4-inch center 18 marked by an X with the 13, 12,
11 and 10-inch isohyets drawn around it.

Arca-depth estimates cau be made in the following mauner:

1. Follow items 1, 2 aud 3 in the procedure outlined for 24-hour paint
rainfall estimates. The critical atation should be located at the center
of the critical area.

2. Fit the isohyetal pattern (inclosure 3) with ite lé-inch ceanterx
(%) over the location of the selected critical station on the generaligzed
isohyetal pattern inclosure 2. If the critical point lies on ox withia the
counfines of the l4-inch isohyet go to item 3 below; 1if not, the isohyetal
pattern (inclosure 3) must be moved horxigontally or laterally until its
14-~inch center (X) falls on or within the 1l4-inch generaliged isohyet on
inclosure 2, and the critical points assigned 24-hour index depth on in-
closure 3 coincides with the depth on the isohyetal pattern inclosure 2.
(See remarks below concerning an example of this procedure).

3. Having estabiished the location of the point of maximuwm rainfall
by item 2 above, the pattern on inclosure 3 can be rotated as long as the
depths represented on {nclesure 3 do not exceed those on inclesure 2.

4., Pix the isohyetal pattern (inclosure 3) in place, after selecting

%bl f&
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the paralesible rotation, outline the critical area and planimeter it to
detaxmine a 24-hour erea-depth precipltation estimate.

i 5. To adjust the precipitation depths for Stendard Project Hurricanes
of varying speads use the ratio of selected spaed depth to average speed,
depth on curve B (inclosure 1). .

Enamples: Inclosure 4 shows two examples of the recomnended process
for determining areal precipitation for a hurricane moving at 12.3 knots,

Example A 1s for a critical area of 100 square miles with its center
polnt located 40 miles along and 20 miles to the right of the hurricane
track. The fixed isohyetal pattern shown by the example may be rotated
364 deyrecs without exceeding any of the isohyets on the generalized isohyetal
pattern.

tExample B 1s for a critical area of 100 square miles with its center lo-
cated 69 miles along and 30 miles to the left of the hurricane track. The
fixed isohyetal pattern shown cannot be rotated because it would not meet
the requirement of having the critical point on the 13-inch ischyet with the
oaxinum l4-inch isohyet center (X) inside the l4-inch generalized isohyet.

The adjustment factors for either of these two areal depths on inclosure &
for Standard Project Hurricanes of varying speeds are 104 percent for hurri-
canes moving at 5 mph and 99 perxcent for hurricanes moving at 15 mph (from
curve B, inclosure 1).

Time distribution of 24-hour point precipitation estimates

In order to provide data for construction of mass curves the 6-hour
distribution of maximum 24-hour point rainfall for nine Louisiana coastal
hurricanes were reviewed. From these data it was seen that the maxiaum 6-hour
burst of rain varied from 37 to 89 percent of the total 24-hour point rainfall
giving an aritbmetic average of 63'percent. The second, third and fourth
6-hour ratios averaged 17, 12 ‘end §-percent of the 24-hour msximum point, re-
spectively. A check was wmade to determine whether the usae of the above 6-hour
ratiog produced ghmormally high precipitation depths, This was done by com-
paring the observed 6-hour rainfall depths from the major hurricanes of the
middle Gulf Regzion for which Part II data are available te those 6-hour depths
computed by usiag 14 inches as a 24-hour point index and applying the above
incremental percentage ratios. It was found that the computed depths fell
below the higher values of observed depths.

Since the 24-hour precipitation depths are adjusted for speed by cuxrve B
on inclosure 1 only one sequence of placing the 6-hour Increments 18 sug-
gested. The ratios in their respective 6-hour locations with respect to the
hurricanes closest point to the critical station (proximity time) are shown
on table i. The ratios are so placed as to show (1) the waximum 6-hour burst

of rain during the -6 to O hour period, (2) the maxfmum 12-hour burst during
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the -1 to 9 hour perled and {3) the saximum 18-hour buvrst durding the -12
to +4 poried. The O-hour designates proximity time.

Lime distyibution of 24-hour areal precipitation estimates

I£f mase curves are required for areas up to 200 square uilez thae dapth- .
Jduration area velationships shown on inclosure 5 cen be used, These depth-
cduration area curves wers developed from the same hurricanes that were used
in establishing table 1. The 6-hour incremental ratios shown on inclosure 5
can be arranged in the same relative positfions as shown in table 1, i.e.,
maximne G-hour depth from -6 to 0 hours, maximum l2-hour depth from -12 to
0 hours, etc. The O-hour designates proximity time. Adjustments for hur-
ricane speed should be made by determining the average arcal-depth directly
from the use of inclosures 2 and 3 and then corrected for speed by use of
ratios obtained from curve B, inclosure 1.

Table 1. Perceytage Retios (by 6~hour increments) to be applied to
24-hour Precipitation Index Amounts for Construction of
Standard Project Hurricane Mass Curves.

Time (by 6~hour increments) from Standard
Project Hurricanes Proximity Point to
Critical Station .

~13 to -12 ~12 to -6 -6 tac 0 0 to +6

Ratio (percent of 24~hr
dapth) 8 17 3 12

Ratioc (accumulative pex-
cent of 24~hr depth) 3 25 88 100

Masz cuxves for critical stations located along Tracks A, C, F, B and D

Four mass curves {inclosure 6, 6a, 7 and 7a) and table 2 arc offerad
for use in deteruining mass curves for each of the critieal gtations along
Tracks A, €, P, B and D, The four mass curves have been provided with time
scales for critical stations along Tracks A and €. The remaining time scale
data for the other critical stations and Standard Project Hurricane tracks
have been provided in table 2. Table 2 shows (1) The Standard Project Hux-
ricana track considered, (2) the selected cxitical station, {(3) the distance
from landfall to the critical stations' proximity point, (4) lateral dietance
from hurricane track at proximity time, (3) the 24~hour index rainfall depths
for 5 mph and 15 wph Standard Project Hurricanes, (6) the critical time express-
ed in hours from landfall, (7) the proximity time expressed in hours from landfall,
and (8) the generalized mass curve inclosure number to apply the scales to.

Two examples as to how to assign the data shown on table 2 to mass
curves are shown on inclosure 6 gnd 6a for the critical station along track A



Table 2. Data for Determining Time Scales to be Applied tc the Generalized Mass Curves for Individual
Critical Staticns Along Standard Froject Hurricane Tracks 4, €, ¥, B and D.

1 2 3 4 5 ¢ o 7 , 8
L
Standard Proj- Selected Crit~ Distance Lateral 24-Hour Critical Time Proximity Time Generalized
ect Hurricanc ical Station Along Track Distance Index HMeasured in Measured in Curve to Use
Track Con- frem Land~ Fromw Track Rainfall liours from Hours from for Critical
sicered fall At Trox- Bepths Landfell Time Landfall Time Station's
imity Time {inches) Mass Curve
. {miles) (miles) 5 mphliSerph S5 mph 15 mph 5 mph 15 mph 5 mph 15mph
Track & New Orlzens, La. 50 30 Left  13,5% 12.8" 410 +3 +1C  +3 € 6a
Track € Point on KNorth shore
of Lzke Pontchartrain 80 30 Right 14.6 13.¢ +14 45 +1& 45 ' 7 I
Track F Rigolets, La. 15 25 Right 14.6 13.5 460 +1 43 4l 7 Ta
Nlew Orleans, La. 30 5 Right 14.6 13.9 0 0\ +6 +2 7 7a
Polnt on North Shore |
of Lake Pontchartrain 65 30 Right 14.5 13.9 +13 34 +12 4 7 Ta
<k D Grand Isle, La. It 15 Left 14.6 13.9 ) 0 -4 -1 7 7a
Point-a-lg Hache, La. g 25 Left 6.6 13.9 +2 41 -1 Q 7 7a
Track B Grand Isle, La. 5 15 Right 1l4.¢ 13.5 +6  +2 +1 0 7 7a
Venice, La. o] 43 Right 14.6 13.9 2 0 -2 -1 7 7a

Myrile Grove, La. 30 2G Right l&.6 13.9 +11  +4 +G +2 7 7a
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and on inclosure 7 and 7a for the critical station alenyg track €. It can

e seen that the location of the proximity time is constant for sll mass
curves for this time should coincide with the end of the maximum burst.
Having this point established all that is needed is to assign pew time
scales along the abscissas of the generalized mass curve.

Charles S. Gilman, Chief
Hydrometeorological Section

Attaclments

cc: 2 to OCE with attachments
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

November 30, 1959

IN REPLY, PLEASE ADORESS
CHIEF, U. S, WEATHER BUREAU
WASHINGTON 23.D. C.

ANO REFER TO

0-6.12

MEMORANDUM TO CORPS OF ENGINEERS
HOR 3-5

FROM : Hydrometeorological Section

. SUBJECT : Hurricane Rainfall Estimstes Applicable to Middle Culf Standard
Project Murricanes, Tracks A, €, ¥, D gnd B

Reference: Memorandum from OCE to HME Awgust 17, 1959, Subject, 'Murricase
Criteris Required for Wew Orleass Nurricane Studfes"

Introduction

Point 24-hour rainfsll and mass curves for critical statioms relative
to Standard Project Burricanes (Tracks A, €, F, B and 3) and a procedure
for determining areal hurricane precipitation estimates up to 200 square
miles pertaining to any sone B hurricane axre submitted.

The point and areal precipitation estimstes submitted are based upon
the climatology of hurricane rainfall in the middle Gulf Coast. They
Tepresent a moderately high level of precipitation sstimates but a level that
has been equalled or exceeded by several hurricane rainfalls of record tg
this region. The magnitude of these precipitation estimates are well bﬁ
Standard Project Storm criteris and Probabie Maxzimum Precipitation estimutes
vhich iadicate 24-bour point depths of 2] and §0 inches respectively for the
Louisiana coastal region. An average 24-bour maximwm point precipitatioen
depth based on the mesn sbtained frem 52 hurricanes {n the Gulf Region is
. 9.4 inches. The average forwsrd speed of the 52 hurricanes sampled was
. 12.3 knots.

A study was made to determine whether speed of hurricane motion in-
fluenced the smount of resulting 24~hour maximm peint precipitstion. A
plot af observed 24-hour peoint precipitation values (inches) wersus hurri-
cane speed (knots) was msde and is shown by inclosure 1. These data were
subjected to & statistical anslysis sad the regressiom line obtained is
shown by curve A om inclosure L. It can be seen that there is & very slight
negative correlation (-.046) of decreased 24-hour rainfall with incressed
buxricane speed. However, the slepe of the regrassion line was used 88 a
basis for setting the upper limits of precipitatien estimates to be applied
to Standard Project Hurricanes. Curve A (regression line) was shifted upward
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on the chart {inclosure 1) until {t undercut 10 pervcant of the plotted

peints (5 out of 352). This positioning shown by curve B represents com-
parable limits of the precipitation index mmounts to be used with Standerd
Project Murricane conaiderations. Curve B (inclosure 1) sets the upper

limit of meximum 24-hour peint precipitatien at 14 inches for hurricanes
woving threugh the middle Gulf Region with the aversge spaed, 1i.e., 12.3 knots,
detormined frem the above statistical analysis.

" The areal distribution of 24-hour maximum peoint hurricene rainfsll was
determined and is shown by & generalized isohyetal pattern (inclosure 2).
This generslised pattern was sstablished by enveloping the 24-hour isobyetal
pattorns from all hurricsne oceurrences in the middle Gulf Region (zoune B).
The chart's origin vas fixed st a burricane's peint of landfall and then :
oriented along the mean 24-hour directton of the hurricane after landfall.
The 10-iach {sohyet was traced and then the highest point precipitation depth
within the 10-i{nch ischyet was marked at the point of eceurrence for each
of the hurricanes. After the 10-inch isohyets were traced an enveloping
10-inch ischyet was drawn. Next an eovelopment wvas mads of the mexfmm
peint depths within the 10-inch {schyet and the 12-inch and l4-inch isohyets
wers established.

Point rainfall fndex depths applicable to s Standard Project Hurricene's
predetermined critical ares may be obtained frem the generalized isohyetasl
pattern (inclosure 2) and then adjusted for the SPH's speed (inelosure 1)
in the following manner:

} 1. Plet the 8PH track and messurs the distance in miles from landfall
to the peint on the track that is closest to the critical station. (Se-
lection of critical station is arbitrary but should be near cemter of ecrit-

. ieal sres).

2. Measure the lateral distance in miles from the point on the track
determined in step 1 to the critical station.

\\ 3. Emnter inclesure 2 with the distances determined by step 1 (horisontal)
and step 2 (lateral) snd read the -hour point rainfall smount danoted by
the gensralised ischyets at that point. If the critical station is located
anywhers within the cenfines of the li-ingh isobyet use 14 inches as an index
depth, otherwise interpelate between isohyets. If the critical station is
lecated outside the 1L0-inch isohyet then the lecation is beyond these SPH
sonsiderations.

4. Yo adjust the index depth obtained in item 3 for Standard Project
Hurricanes of differing spaads read the 24-hour precipitstion index depth
along curve B (inclosure 1) that corresponds to the selected Standard Project
Surricane spesd. 1If the index depth in item 3 is less than 14 inches the
spead adjustment can be mads by multiplying by the ratioc of the precipitatien
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amount at the Standard Project Hurricane's assigned speed to the precipits-
tion smount at the average speed (12.) knots) of the widdle Gulf hurricanes
on curve B {inclesure 1).

Exsmple--1f the Standard Project Nurricane's sssigned speed was 5 mph
and the critieal statien is located 60 wiles from landfall along the track
and 30 miles to the left of the track the index depth fram tuclosure 2 is
13 inches. From curve B (inclosure 1) the depth for s hurricane moving
12.3 knots is 14 inches opposed to 14.6 inches at & knots, giving aa ad-
Justment ratio of 104 percent. YThus the adjusted point pracipitatien
depth is 1.04 x 13 = 13.5 inches. It follows that had the critical sta-
tion baen located within the 14 inch isohyet 1its index depth for & hurri-
cane moving at 5 mph would be 14.6 inches.

Note--Rainfall amounte teaken from the generslised fsohyetal pattern (in-
closure 2) are considered to be approximations for stovms meving at the
averags speed, f.a. 12.3 knots of hurricanes of the middle Gulf Region.

The fsohyetal pattern shown by the clear overlay (inclesure 3) can be
used in conjunction with the generalized isohyetal pattern (inclesure 2)
te sscertain 24-hour areal precipitation estimates for limited areas. The
isohyetal pattern (inclesure 3) shows the shape which envelops sll the
isohyetal combinatisns that went inte the establishment of the gencvalized
isehyetal pattern. The l4-inch center is msrked by an X with the 13, 12,
11 and 10-inch isohyets drawn arsund it.

Area-depth estimates can be made in the following manner:

1. Pollow items 1, 2 and 3 in the procedure ocutlined for 24-hour point
rainfall estimates. The critical station should be located at the center
of the critical area.

2. Fit the ischyetal pattern (imclosure 3) with its l4-inch center
(X) over the location of the selected critical station on the generalized
fschyetal pattern inclosure 2. If the critical point lies on or within the
confines of the l4~ingh isohyet go to Lftem 3 below; if met, the fsehyetal
pattern (inclosurs 3) must be movad horimontally or laterally until its
14~inch center (X) falls en or within the 14~inch genaralized fsshyet om
inglesure 2, snd the eritical points sssigned 24-heur index depth on in-
clesure 3 eoincidas vith the depth on the isohyetal pattern inclosure 2.
{(8ee remarks below concerning an exassple of this procedurs). :

3. Having established the location of the point of wsximum rainfall

by item 2 sbove the pattern on inclosure 3 can be rotated as long as the
depths represented on inclosure 3 de not exceed those on inclosure 2.

4. Pix the isohyetal pattern (inclosure 3) in place, after selecting
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the permissible rotation, outline the critical srea and planimeter it to
determine a 24-hour ares-depth precipitation estimate.

5. To adjust the precipitatfon depths for Bfandard Project Hurricanes
of varying speeds use the ratio of selected speed depth to average speed,
depth on curve B (inclosure 1).

Exsples: Inclosure 4 shows twe exsmples of the recommended process
for determining areal precipitatien fer a hurricane moviang at 12.3 knots.

Example A is for a critical srea of 100 square miles with its center
point located 40 miles slong and 20 milas to the right of the hurricane
track. The fixed isohyetal pattern shown by the example may be rotated
360 degrees without exceeding any of the isohyets on the generalised isohyetal
pattern.

Example B i3 for a eriticsl axea of 100 squars miles with its cemter lo-
cated 60 miles along snd 30 miles to the leftr of the hurricans track. The
fixed igohyetal pattern shown canpot be rotsted because it would not meet
the requirement of having the eritical point en the l3-inch isohyet with the
maximm l4-inch Llsohyet center (X} inside the li-inch generalised isohyat.

The adjustment facters for either of these two areal depths on inclosure 4
for Standard Froject Hurricanes of vaxrying speeds are 104 percent for hurri-
canes meving at 5 mph and 99 percent for hurricanes meving at 15 mph (from
curve 3, inclosure 1).

In order to provide data for construction ¢f mass curves the 6-hour
distribution of maximum 24-hour point rainfall for nine Loutsiana coastal
hurricanes were reviewed. ¥rom these data it vas seen that the maximum 6-hour
burst of rain varied frem 37 te 89 percent of the totsl 24-hour peint rainfsll
glving an aritbmetic sverage of 63 percent. The secend, third snd fourth
6-hour ratios aversged 17, 12 and § percent of the 24-hour maximum point, re-
spectively. A check was mads to determins whether the use of the sbove 6-hour
ratios produced sbnormally high precipitation depths. This wes done by com-
paring the observed 6-hour rainfall dapths frem the major hurricanas of the
uiddle Gulf Ragien for which Part 1I data axs available to thoss 6-hour depths
computed by using 14 incheas as & 24~heur point index snd applying the above
ineremental percentsge ratios. It was found that the computed depths fell
below the higher values of observed depths.

Since the 24-hour precipitation depths ars adjusted for speed by cmxve B
on inclosure 1 only one sequence of placiang the 6~hour increments is sug-
gested. The ratieos in their respsctive é-hour locations with respect te the
hurricanes closest point to the critical station {proximity time) are shown
on table 1. The ratios sre so placed as to show (1) the meximum 6-hour burst

of rain during the -6 to 0 hour period, (2) the maximum 12-hour burst during



. 5.
the ~12 to 0 hour periad and (3) the maximum 18-hour burst during the -12
to +6 period. The @-hour designates preximity time.

- 1f mass curves are required for aress up to 200 square miles the depth- .
duration srea relstionships shown on inclosure 5 can be used. These depth-
duration ares curves were developad from the ssme hurricanes that were used
in establishing table 1. The 6<heur imcremental ratioe shown om inclosure 5
- c#n be arranged in the same relative positions as shown in table 1, i.e.,
maximum 6-hour depth from -6 to O hours, maximm l12-hour depth from -12 to
0 hours, etc. The O-hour designates prowimity time. Adjustments for hur-
ricane speed should be made by determining the sversge aveal-depth directly
from the use of inclosures 2 and 3 and then corrected for speed by use of
ratiocs obtained from curve B, inelosurs 1.

Tsble 1, Percentage Ratios (by 6-hour imcrements) teo be applied to
24-hour Precipitation Index smounts for Gonstruction of
Standard Project Rurricane Msss Curves. '

Time (by 6~hour in¢rements) from Standard
Project Hurricanes Proximity Point to
Critical Station

~-18 to ~12 -~12 te -6 -6 to O O to 46

Ratio (percent of 24-hr
depth) 8 17 63 12

Ratio (aceumulative per-
cent of 24-hr depth) 8 25 88 100

Pour mass curves (inclosure 6, 6a, 7 and 7a) and table 2 are offered
for use in determining mass curves for each of the critical stations along
Tracks A, C, ¥, B snd D. The four mass curves have been provided with time
scales for critical stations along Tracks A sad . The remsining time scale
dats for the other critical stations and Standard Project Burricane traeks
have been providad in table 2. Table 2 shows (1) The Standaxrd Project Rur-
ricane trsck considered, (2) the selected critical station, (3) the distance
from landfall to the critical stations' proximity peint, (4) lateral distamce
from hurricsne track at proximity time, (5) the 24-hour indax rainfall depths
for 5 wph and 15 mph Standard Project Hurricanes, (€) the eritical time express-
od in hours from landfall, (7) the proximity time expreessd in hours from landfall,
and (8) the generalised mass curve inclosure number to spply the scales to.

Two examples as to how to aseign the data shown on tsble 2 to mass
curves are shown on inclosure 6 and 6a for the eritical station along track A



6.

and on inclosure 7 and 7a for the critical station aleng track €. It cmn
be seen that the loecation of the proximity rime is constant for all mass
curves for this time should coineids with the end of the maximum burst.
Having this point established all that is needed is to assign new time
scales along the sbegissas of the gmeralised mass curva.

Charles 8. Gilman, Chief
Rydvomatecorolegical Section

Attachuents
ce: 2 to OCE with sttachments



Table 2.

Critical Ststions Along $tandard Project Hurricane Tracks A, C, F, B and D,

Data for Determining Time Scales to be Applied to the Generalized Mass Curves for Individual

1 2 3 4 5 | 6 7 8
Standard Proj- Selected Crit~ Distance Lateral 24~Hour Critical Time Proximity Time Generalized
ect Hurricane ical Station Along Track Distance Index Measured in Measured in Curve to Use
Track Con- from Land- From Track Rainfall Hours from Hours from for Critical
sidered fall At Prox- Depths Landfsll Time Landfall Time Station's
imity Time (inches) Mass Curve
— mil les) 35 mphl5 5 wph 15 wmph 5 13 5 15mph
Track A ¥ew Orleans, La. 50 30 Left 13.5" 12.9% 410 +3 +10 a3 6 6a
Track € Point on Rorth shoxe ‘
of Lake Pontchartrain 80 30 Right 14.6 13.9 +14 45 +14 45 7 1a
Track F Rigolets, La. 15 25 Right 14.6 13.9 +6 +1 +3 41 Ja
Hew Orleans, La. 30 5 Right 14.6 13.9 0 ] +6 +2 7a
Point on Rorth Shore
of Lake Portchartrain 65 30 Right 14.6 13.9 +13 44 +13 4+ 7 Ta
<k P Grand Isle, La. 0 15 Left 14.6 13.9 o o ~4 -1 7 la
Point-a-1a Hache, La. 0 25 Left 14.6 13.9 +2 41 -1 L 7 7a
Track B Crand 1Isle, La. 5 15 Right 14.6 13.9 +6 42 +1 0 7 7a
Venice, La. 0 45 Right 14.6 13.9 0 0 -2 -1 7 7a
Myrtle Grove, La. 30 20 Right 14.6 13.9 +11 +4 +6 +2 7 7a
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER EUR!EAU
WASHINGTON

IN REPLY, PLEAGE ADDRESG

Augugt 30, 1957 CHIEF, U. S. WEATHER BUREAU
WASHINGTON 28, D. C.
AND REFER TO

0-6.12

MEMORANDUM TO CORFS OF ENGINEERS

HUR 2-4
FROM : Hydrometeorological Section

SUBJECT: Hurricane Frequency and Correlations of Hurricane Characteristics
for the Gulf of Mexico area, P. L. 71

REFERENCE: OCE memorandum 9 May 1957, subject: Hurricane Frequency and

Correlations of Hurricane Characteristics for the Gulf of
Mexlco area, P. L. T1.

Zones

i e s

To facilitate an analysis of the Gulf Coast area of the U, S., the
coastal area wag divided into three zones; Zone A covers the west coast of
Florida, Zone B the Mid Gulf coast and Zone C the Texes coast. Figure 1
shows a breakdown of the Gulf coastal area into the three zones each |
approximately 80,000 square miles, Tach zone is about 400 miles long and
extends from 50 miles Inland from a generalized coastline to 150 miles off-
shore from that line. The boundaries separating zones were selected from
the standpoint of data studied and with reference to Corps of Engineers
administrative boundaries.

FREQUENCIES OF CENTRAL PRESSURE INDEX

Accumulated frequency

The central pressure index (CPI) is the estimated minimum pressure for
Individual hurricenes in each zone, and is the principal intensity criterion.
Plotted along the top of figure 2a, b, and ¢ is the accumlated number of
occurrences of certain central pressure indices or lower values. For ex-
ample, in zone A the emoothed curve through the data indicates that there has
been one hurricane with a CPI of 26.35 inches and 10 hurricanes with a CPI
of 28,22 inches or lower. A hurricane is represented only once within any
zone but may be represented in two or more zones. The Galveston storm of
September 1900, for instance, 1s ghown as an occurrence in zones B and C.



Any tropical storm that was of hurricene intensity while passing through

e zone or at any other time in 1ts history is shown in the accumlated
number of occurrences for that zone in figures 2a, b, end c. The numbers
along the bottom of the cherts represent the accunmlated number of oc-
currences at, or below, each CPI expressed ss a percent of the total number
of hurricenes that have been observed within that zone during the 57 years
of record. In zone A, 51 hurricanes have been observed and 444 of those
had a CPI of 29.00 inches or lower.,

Flgure 3 shows the variation of CPI with distence along the Gulf Coest,
The values from which the isolines were comstructed were taken from figure

2 of accummlated frequency of hurricane central pressure end were plotted

ageinet the mean location of the data in each zone end smoothed. pr—

QOccurrence per 100 yesrs

On figures 4a, b, end ¢ the CPI data from each zone have been plotted
on a probebility basis using the formla

100‘1"1"0.51
(1) s -

where
P = percent chance of occurrence per year
M = muber of the event (rank)
Y = number of years of record (57)

The plotting position from this formula gives the more rare events a longer

return period then some other plotting positions. On this type of scale

(normal probability), data with a normal distribution will fall in a straigh’™ " _
line, . -

Figure 5 shows the variation of average frequency on a 100-year basis
along the Gulf Cosst of the United States for areas of approximately 80,000
square miles., The occurrences per 100 years from figure U were plotted
against the mean position of the data along the Coest and smooth isolines
drawn, In order to have a smooth transition of frequency curves from the
east coast of Florida to the west coast, the curves of figure 5 weére made to
match the corresponding curves from zome 1 (Memo HUR 2-1, figure 4B) at 24°
North, 24° North is at mile 1340 of figure 5.

Determination of hurricane CPI frequency at a coastal site

A hurricane passing through a zone need not necessarily severely affect
the entire coast within the zone. The frequency of damaging effects at a
coastal site depend on many factors including the zonsl CPI frequencles
(figure 5) and the frequency of storm tracks within damage=-producing range
of the site as compared with the frequency of tracks through the entire zone.
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To facilitate an appraisasl of CPI frequency for an area less than
total zone size, the following are presented for an area of approximately
10,000 equare miles:

1. Total hurricane occurrences per total zone and per approximate
100- x 100-mile subdivision are shown in figure 6,

2. The subdivision occurrences are smoothed by the graph in figure 7.
The occurrences per subdivision from figure 6 were plotted and a
cuxrve fltted by eye through the data with onshore subdivisions
welghted more than offshore.

OTHER HURRICANE CHARACTERISTICS ALONG THE GULF COAST

Radius of maximum winds

Generel comments., Radius of maximum winds is an index of hurricane

silze, The size of a hurricane is en important factor in generations of waves 3

and tides. A larger hurricane will have a longer straight-line fetch and
thus cause higher waves and tides. The radius, R, has bgen determined for
moet of the tropical storms of hurricemne intemsity (CPI less than 29.00
inches) that passed through zones A, B, or C, and these values are shown in
table 1. The R was determined elther from observations at a wind reporting
station or by computation from the pressure fleld. The observed R was used,
whenever available, for all correlations. In the absence of an observed R
the computed velue was substituted. To determine the validity of substi-
tuting one type of R for another, all observed R's were plotted against
computed R's 1n the same storm. There appears to be no blas for the ob~-
served R to average either larger or smaller than the computed R.

Variation of radius of maximum windg with central pressure index. Fig-
ure 8 shows the relationship of R to CPI. The data show that the temdemcy
is for hurricanes of lower CPI to also have smaller R's,although there is
a considerable degree of variation of R with any given CPI. The relation-
ship of R to CPI observed in the study corresponds with findings of wvarious
auythore and previous Hydrometeorological Section Studies.* All of the data

*Depperman, C. E. "Some Characteristics of Philippine Typhoons,” 1939.
Hydrometeorological Report No. 32, USWB 1954, p. T7.
"National Hurricane Research Project Report No. 5, USBWB, 1957, p. 38.



from hurricanes occurring in zones A, B, and C are plotted in figure 8. The
outside limits of the data are indicated by approximate enveloping curves.
The meen curve hes been drawn through the data by group averaging aided by
fltting by eye.

Variation of radius of meximum winds with latitude and itude., To
determine whetber the introductiom of other variables will make possible
further refinements, the variations of the observed R from the mean curve
were plotted againet both latitude (figure 9) and longitude (figure 10).
The wide scatter of points on figure 9 indicate that, for the Gulf Coest,
there 1s little or no correlsticn of CPI with latitude. On figure 10, where
the variation of observed R from the meen curve of figure 8 is plotted

against longitude, the curve, of best fit located by group averaging, through’

the data suggests that there may be & slight additional variation of R with
longitude, the smaller R's occurring in zone C, However, the suggested vari-
ation is too emall to warrent any further refinement based on longitude.

Forward speed

An investigation of forward epeed along the Atlantic Coast (HUR 2-3,
June 18, 1957) showed forwerd speed to heve & good relation to latitude.
A similar plot for the Gulf Coast area shows no similar s8ignificant re-
lationship, probably due to the limited latitudinal varistion. Therefore
all of the hurricanes were lumped together in figure 11 showing the rate
of hurricane cemter translation against accumlated percent of occurrences.
The slowest forward speed was 4 lmots and the fastest 28 Inots; the average
forward speed was 11 knots. Speed has been measured as the average of the
period from 2 hours before to 2 hours after entering the Coast.

Direction of movement

The azimuth distribution of paths followed by hurricanes in zones A, B,
and C of figure 1 is shown in figures 122, b, and ¢, respectively. The
storm data from which figure 12 was constructed ere listed in table 2.

. There is no evidence of a correlation between hurricane intemnsity and path,
All tropical storm peths ‘may therefore be used to Judge azimuth character=
istics of severe storms. The average direction of movement in the Gulf
changes slightly from zome to zore. The west coast of Florida receives
most hurricanes from the southeast direction but another large group from
the south-southwest. Most hurricanes pase through zone B from the south
and southeast and in zone C from the esst and goutheast,

Maximum gradient wind

Figure 13 shows the maximm gradient wind es related to CPI, R, and
latitude., Graphs were determined from equation (2), the derivation of which

—



is discussed in Hydrometeorological Report No. 32,

i) Vex = 5 By - % R(0.5751)
where.

Vgx = paximm gradient wind speed in miles per hour

P, = central pressure in inches

Pn = ggymptotic pressure in inchea

R = radius of maximum winds in nautical miles

4 = coriolis parameter in units of howr -1

The maximum cyclostrophic wind (upper graph in figure 13) is a function of
Pn - Py. The outer dashed curves in that graph are based on extreme values
of Py, derived in turn from envelopes of a plot (not shown) of P, ve. P,
values from Netional Hurricene Research Project Report No. 5, table 3-1,
P+ 29. Limite of the gradient wind speed at the zone of maximum winds may

be determined from figure 13, The maximm wind at 30 feet above open water
is on the order of 85 to 100 percent of the maximmm gradient wind speed.

Woailc ofhovem

Charles S, Gilman, Chief
Hydrometeorological Section

Attachments :

1 to HEB with attachments
50 to OCE with attachments




Table 1

HURRICAVES WITH CENTRAL PRUSIURE INDEX LESS THAN 29,00 INCHES GULF COAST
UNITED STATES RANEKED BY CPI (1900-1956)

CrI R F Lat. Long.
Date (inchrn) (naut. mi.) (kte.) (deg. N.) (deg. W.)
Zone A
Sept. 2, 1935 26.35 6 9 2h .8 80.9
Sept. 9, 1919 27.44 15 8 24,6 82.9
Oct. 20, 1926 27.52 21 16 23.8 81.3
Sept. 21, 1948 27.62 7 8 2h,5 81.8
Oct. 17, 1910 27.80 16 1 2h.5 82.5
Oct, 18, 194k 28.02 27 13 24 .6 82.8
Sept. 17, 1947 28,03 zh - 26.h 81.3
Sept. 18, 1926 28.0% 24 17 26.5 81.0
Sept. 28, 1929 28,15 28 10 2.8 - 81.12
Oct. 25, 1921 28,29 18 10 28.1 82.8
Oct. 11, 1909 28.30 22 10 24,3 81.7
Sept. 16, 1928 28.30 53 - 27.7 81.4
Sept. &, 1950 28.%0 . - - 29,1 83.1
Aug. 26, 1949 28.37 o3 14 27.2 81.2
Sept. 15, 19%5 28.39 2k 10 25,5 81.0
Sept. 4, 1933 28.48 29 11 27.8 81.6
Gct, 19, 1924 28.70 19 8 25,0 83.0
Nov., 4, 1935 28.73 - - 25,0 81.0
Sept. 11, 1903 28.84 43 7 27.0 81.5
Oct. 18, 1906 28,84 35 6 25.0 81.0
Oct. 5, 1948 28.85 31 13 2k,0 81.2
Oct. 18, 1950 28.88 - - 28.0 81.6
June 17, 1906 28.91 26 - 25,1 80.9
Oct. 7, 1941 28.98 18 11 29.8 8h,7



Table 1 (cont'd)

Date CPI R F Lat. Long.
(inches) (naut, mi.) (kts.) (deg. N.) (deg. W.)
Zone B
Sept. 8,

1900 27.64 - - 27.0 90.5
Sept. 29, 1915  27.87 29 10 . 29.9 90,1
Sept. 14, 1919 28,00 - 20 26.9 90.2
Sept. 20, 1926 28.20 17 7 30.5 87.5
July 21, 1909 28.31 19 - 26.8 91.0
Aug., 25, 1926 28,31 27 10 29.6 90.7
July 5, 1916 28,38 50 25 © 30.7 88,0
July 31, 1936 28.46 19 9 30.5 86.5
Sept. 28, 1917 28.48 33 13 - 30.k4 87.2
Sept. 27, 1906 28.50 () 16 30.6 88.5
June 16, 1934 28,52 37 16 29.9 91.7
Sept. 19, 19k7  28,57- 33 16 29,9 9.1
Aug. 14, 1901 28,72 33 14 29.9 90.1
Oct. 18, 1916 28,76 19 21 30.4 87.2
Avg. T,

1940 28,76 iy 8 29.0 92.8
Sept. 23, 1956 28.76 - - 30.0 86.5
July 27,

. 1943 28.78 16 8 28,2 92.0
—8epte 30, 1929 28.80 65 6 30,1 85.7
Ang. 30, 1950 28,92 21 23 30,2 88.0
Sept. 21, 1920 28.93 28 28 29,6 90.7
Sept. 20, 1909 28.94 88+ 11 29.9 90.1
Oct. T, 1941 28.98 18 11 29,9 84,7




Table 1 (cont'd)

Date CPI R F Lat. Long.
(inches) (paut, mi,) (kts.) (deg. N.) (deg. W.)
Zone C
Sept. 8, 1900 27.64 1k 10 29,2 95.9
Aug. 13, 1932 27.83 12 15 29.1 95.6
Ang. 18, 1916 28.00 35 1 27.5 97.5
Sept. 14, 1919 28.00 - 20 27.7 97.5
Sept. 5, 1933 28.02 _ 20 8 25.9 97.5
Aug. 30, 1942 28,07 18 1k 28.5 96.7
June 22, 1921 28,17 17 11 29.7 95.4
July 21, 1909 28.31 19 12 29.0 96.0
Sept, 23, 1941 28,31 21 13 29.7 95.4
Avg. 27, 1945 28,57 18 L3 29,0 96.2
June 28, 1929 28,62 13 15 28,5 96.5
Aug. T, 1940 28,76 11 8 29.9 95.9
July 27, 1943 28,78 16 8 29.5 95.0
Aug. 4, 1933 28.80 25 10 25.9 97.5
Oct. 4, 1949 28.88 28 11 28.9 95.4




Table 2

AVERAGE DIRECTION OF CENTER MOVEMENT OF ALL TROPICAL STORMS IN THE ZONE
WHICH REACHED HURRICANE INTERSITY AT ANY TIME

Average direction of movememt

Date ‘ (degrees from)
Zone A
Sept. 5, 1900 137
Aug. 10, 1901 A 110
Sept. ]-1, 1903 112
Sept. 17, 190k 005
June 16, 1906 170
Oct. 16, 1906 218
Oct. 10, 1909 200
Oct. 17, 1910 182
Avg. 9, 1911 145
Sept. 11, 1912 114
Sept. 2, 1915 157
Nov. 15, 1916 235
Nov. 9, 1919 95
Sept. 29, 1920 : 245
Oct. 24, 1921 230
Oct. 19, 1924 2k
Nov. 50, 1925 221
July 28, 1926 131
Sept. 18, 1926 120
Sept. 16, 1928 150
Aug. 8, 1928 ' 130
Aug. 12, 1928 1
‘Sept. 27, 1929 135
Sept. T, 1950 227
Aug. 29, 1932 116
dJuly 30, 1933 90
Sept. 1’ 1933 lOll»
Oct. 4, 1933 208
Sept. 3, 1933 15
July 22, 1934 67
Sept. 2, 1935 . 155
Nov. l", 1935 90
Nov. 7, 1935 . 26k
July 28, 1936 123
Aug. 2, 1938 70
Sept. 16, 1941 92

Oct. 6, 1941 140
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Teble 2 (cont'd)

Average direction of movement

Dete (degrees from)
Zone A (cont‘'d)

Oct. 18, 1944 190
June 23, 1945 - 239
Sept. 15, 1945 180

© Oct. 7, 1946 190
Sept. 17) 19)4-7 109
Aug. 18, 1947 96
Oct. 11, 1947 218
Oct, 4, 1948 220
Sept. 20, 1948 190
Aug. 26, 1949 1h5
Oct. 20, 1950 210
Sept. 2, 1950 158
Oct. 18, 1950 158
Oct. 1, 1951 270

Zone B -
L v

Sept. 7, 1900 112 37 Yo
Aug. 12, 1901 145 ]I
Oct, ¢, 1902 200 ,9297
Sept. 12, 1903 170 . TIHLE
Sept. 26, 1906 _. 779 152 ,$729
Avg. 10, 1911 138 743 )
Sept. 11, 1912 : 135 07/
June 12, 1912 230 ,buz?
Sept. 3, 1915 180 1,009
Sept. 28, 1915 758 1715 L9 92
Oct. 17, 1916 185 .z
July 4, 1916 170 Nlscd
Sept. 27, 1917 205 05
Ang. 6, 1918 148 iadd
Nov. 12, 1919 £2¢ 100 ,ﬂ’d‘;,
Sept. 21, 1920 170 e
Sept. 29, 1920 2ho LSS
Oct. 15, 1923 190 157
Sept. 13, 192k 215 S
Sept. 19, 1926 743 128 et 57
Aug. 24, 1926 180 1,099
Aug. 9, 1928 ; 130 %27
Avg. 13, 1928 g1 7 16k 2677
Sept. 29, 1929 : 180  /7°?
Aug. 31, 1932 ~»§§ 135 297/



Table 2 (cont'd)

Date Average direction of movement
(degrees from)

Zone B (cont'd)

Aug. 2, 1953 , 89
July 23, 1934 90
June 15, 1934 179
Nov. T, 1935 A 255 170"
July 30, 1936 147
Aug. 4, 1938 116
Augo 18, 19)42 122‘,
July 25, 1943 93
Sept. 19, 1943 212
Sept 18, 1947 123
Aug. 22, 1947 155
Sept. 3, 1948 200
Oct. 18, 1950 31
Aug. 29, 1950 ' 185
Sept. 25, 1955 221
Zone C
Sept. 7, 1900 : 125
June 24, 1902 185
Auvg. 27, 1909 112
Sept. 13, 1910 180
June 11, 1912 198
June 27, 1913 115
Auge 16, 1915 165
Aug. 18, 1916 110
Aug. 6, 1918 ll'.s
Nov. 13, 1919 90
Sept. 6’ 1921 lh_o
June 20, 1921 166
June 15, 1922 125
June 28, 1929 140
Aug. 3, 1935 75

July 6, 1933 60



Table 2 (cont'd)

Average direction of movement
Date (degrees from)

Zone C (cont'd)

Sept. 3, 1933 9%
July 2k, 1934 92
Aug. 26, 1934 g6
Avg. 17, 1936 198
June 26, 1936 2
Aug. 14, 1938 1 8
Aug. 27, 1938 lg
Aug. 6, 1938 162
Sept. 22, 1941 1
Aug. 20, 19h2 9
Aug.. 29, 1942 ?23
July 26, 1943 122
Aug. 24, 1945 150
Oct, 22, 1947 120
Oct, 3, 1949 136
June 24, 1954 ‘ N

Sept. 4, 1955 100
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UNITED S1 \TES DEPARTMENT OF COMMERC .
WEATHER BUREAU
WASHINGTON

‘Ptll z’, 1’57 IN REPLY. PLEASE ADDRESS
CHIEF, U. S. WEATHER BUREAU
WASHINGTON 25, D. C.
AND REFER TO

0"6- 12

MEMORANDGM NUR 2-2
FROM; Hydrometeorological Section
SUBJECT: Paramsters for Hurricane Flossy of 1956

REFERENCES: (1) Natiomal Burricane Besearch Project, Report No. 5,
“Survey of Meteorological Factors Pertineat to Reduction
of Loss of Life and Property in Hurricane Situatioms.'

(2) MEMORANDUM HUR 7-16, "Hurricane Characteristics im the
Vieinity of Lake Fontchartrain and New Orleans, La."

Hurricane Flossy of September 24, 1956 in the Gulf of Mexico has beem
snalyzed. Parameters for the storm are listed below. These parameters

msy be added to Table 3-1 of reference (1) and to the various tables of
reference (2).

Charles S5. Cilman, Chief
Hydrometeorological Section

Attachments
4 cc with attechments to OCE
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UNITED 4 TATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

“ril u' us’ IN REPLY. PLEASE ADDRESS

CHIEF, U. S. WEATHER BUREAU
WASHINGTON 285, D. C.
AND REFER TO

0-6.12

10 : Mr. A. L. Cochran, Civil Works
Office of Chief of Engineers
Coxps of Engineers

TROM : Hyédvometeorclogical Section
SUBJECT: MEMORANDUM HUR 2-2--Parameters for Hurriceme Flossy of 1956

The subject memorandum gives central pressure, radius of maxisss winds,
and other paramsters for the hurricane Flossy, for the informstiom of
Plstrict and Division Offices interested in Gulf of Mexico hurricames.

Charles 5. Gilmen, Chief
Hydrometeorological Sectiomn

Attachments
& cc with attachments to $CR



HURRICARE PARAMETERS
Hurricane Floesy Septesber 1956

Sept. 2k, 1956

R R R frh B Yg St P Statwn
in, in, in, mb. wmbd. m. (a) (b) mph, kt, %, Mrs. in. b,

28,76 29.83 1,06 o7h 1010 36 29 30 8 72 20 b 28,78 97h.7 Destin, ¥_1.
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