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U.S. DEPARTMENT OF COMMERCE
ENVIRONMENTAL SCIENCE SERVICES ADMINISTRATION
WEATHER BUREAU
WASHINGTON, D. C. 20235

Jenuary 25, 1966

IN REPLY REFER TO: W211

MEMORANDUM TO CORPS OF ENGINEERS
HUR 7-87A

SUBJECT: Surface Winds (30 ft.) Over Lake Pontchartrain, lLa.
During Passage of Hurricane Batsy, September 9-10, 1963

Referencess 1, HUR 7~87 dated December 20, 1963, "Surface Winds
(30 ft.) Ovar Gulf of Mexico in Hurricans Betsy,
Saptember 9 and 10, 1965."

2. Latter from N, O, Diatrict to OCE dated September 29, 1963

This memorandum supplements reference 1 and provides the surface
wind (30 ft.) over Lake Pontchartrain during Hurricane Betsy, 1965,
It consists of seven charts beginning 1800 CST September 9, 1965
and, by 3~hourly intervala, ending 1200 CST September 10, 1963,
These charts may be used with corresponding time charts of ref-
arence l.

The isovel charts are analyzed at 10-kmot iatervals with 5~knot
valuaes (daghed lines) where nesded, Smooth streamlives over the
l.ake show the wind direetion.

This analysis is bdased primarily on the observed winds at South
Baseule, Lske Causeway; Weather Burassau Alrport Station, Meisant
Afrport; mnd Huay Leng Bridge, The latter two stations are re~
duced to over-wataer values at 30 ft. by standavd relationships
(figure 1~1 NHRP Report No, 39), More distant wind reports, and
the pressure field are also guides to the wind speed profile aleng
a radial from the storm center positiom,

Vance A, Myers
Chief, Hydromsteorological Branch
Offlice of Hydrology

Attachments
cet 2 to OCE
4 gets of charts



26 Jammary 1966

SURJECT: Hurricane Studies - Surface Winds over Lake Pontchartrsin, La,
During Burricans Betsy, Septeaber 1965

10: Mvision
lower Mississippi Valley Diviaion

1. Reference is wade to New Oplesns Dtatrict letter of 29 September
1955, subject, "Huvricane Srady, Review of U.8. me
thlagiai Seawd Berefcane Memovendume," requesting isovel patterss
mdmmmmmmy,momms. &sm«

ogical Branch hes completed preperation of curface wind charts
mwmmm,mm during the pussage of Nurricane Betey.
mmmxmmv-nmmwmmmszuwmss,
subject as sbowe, and shows the wind fiolds in wove detail over the lake.

2. The snalysis consists of MHemovandus BR 7-87A with seven surface
wind charts for the period 1800 CBY 9 September 1965 to 1200 C8Y 10 Septen-
ber 1965. Two copies of the data are fupnished directly to the Bew
Orleans Pistrict.

FOR THE CHIEF OF ENGINRERS:

WERDELL 5. JORNSON

Chiaf, Engiasering Division
Civil W

Cy furnished:

BUR 7-87A, 25 Jan 66 (dupe)
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U.S. DEPARTMENT OF COMMERCE
" ENVIRONMENTAL SCIENCE SERVICES ADMINISTRATION
WEATHER BUREAU
WASHINGTON, D. C. 20235

December 20, 1965

IN REPLY REFER TO:

w2 /w1

MEMORANDUM TO CORPS OF ENGINEERS
HUR 7-87

SUBJECT: Surface Winds (30 ftr.) over Gulf of Mexico in Rurricame
Batsy, September 9 and 10, 1965

Reference: Letter from New Orleans District to OCE dated
September 29, 1965

Enclosed are four sets of coples of preliminary analyses of the
wind (30 £t.) over the Gulf of Mexico and the Mipsissippi Delta
region during the passage of Hurricane Betsy, 1965. A chart of
the storm track is alao included,

Each set contains 13 charts, covering the period from 0000 CBT
of the 9th to 1800 GST of the 10th at 3~hourly intervale except
é~hour intervals for the firat three charts,

The isovels are for 10-knot intervals, continuous lines, except
an occasional 5-knot isovel (dashed line) has been supplied to
facilitate reading the values, For wind directioms, the angle
of incurvature is zero from the center of the storm outward to
about 1.2 times the radius of maximum winds, R. Elsewhere,
wind direction arrows, true at the arrow head, are provided,
Direct linear interpolation between successive charts is gen-
erally valid,

Table 1 lists pertinent characteristics of Betsy.

Vance A, Myers
Chisf, Hydrometeorological Branch
0ffice of Hydrology

Enclosures
cet 2 to OCE
4 sets of charts




Table 1

CHARACTERISTICS - "BETSY", SEPT., 1965

Sy vV
N V_ (kts.) B
Date/Timeﬁ?? P e R " Speed Dir ection
ok T e T TN T T B ChEgy fies )
9 0000 2805950  1012.5 20 100 89.5 16.6 280
0600 2605951  1013,0 23,5 100 9% < . 19 295
1200 2802949  1014.0 27 10L.5 91.5 16 321
1500 27.87944 1013, 28,5 105 95 15.5 320
1800 2779941 1012.0)( ‘30 106.5 96 1843 316
21002779941  1012.524.9232 106 95 17 314
10 0000 E * - * * 16,5 318
0300 13.7 320
0600 13.4 321
0900 13.5 339
1200 12.7 355
1500 11,8 358
1800 11.8 5

*Storm center inlgggf

Legend:

Po = central pressure
= average perxipheral pressure

= maximum sustained 30 ft. surface windspeed

= Left rear quadrant

forward velocity of hurricane center; direction is point
of compass toward which it is moving

P

n

Vv

m
RF = Right front quadrant
LR

b

R = radius of maximum winds
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UNITED STATES DEPARTMENT OF COMMERCE
e e WEATHER BUREAU
WASHINGTON

Environmental Science Services Administration
* i
W
11

p—/
February 17, 1966 ] tﬁﬁf&%ééé%

REFER TO

. . ’ W2

MEMORANDUM TO CORPS OF ENGINEERS
HUR 7-85A

SUBJECT: Ratio Chart to Adjust Isovel Patterns in HUR 7-40 to Level of
Updated SPH Patterns

References: 1. Letter to Hydromet Branch from OCE, dated January 20,
1966

2. MEMORANDUM HUR 7-40, "Louisiana Hurricane of Septem-
ber 29, 1915, Transposed to a Critical Track."

3. MEMORANDUM HUR 7-84, "Standard Project Hurricane Wind
Field Patterns (revised) to Replace Existing Patterns in
NHRP Report No. 33, for Zones B and C."

>

Herein presented is a chart of ratio lines which, used as factors, will.
adjust the wind speed values in the isovel charts in HUR 7-40 to corre-
spond to wind speed values (at 30 ft.) in the updated SPH moving along
the same track as that included in HUR 7-40.

Charts of the updated SPH isovel fields are presented in HUR 7-84
(ref. 3). That memorandum also includes a discussion of the considera-
tions leading to the revisions in the SPH isovel fields in Zones B and
C in the Gulf of Mexico (approximately from Apalachicola, Fla., to
Brownsville, Tex.).

To adjust any isovel pattern in HUR 7-40 place the figure over the adjust-
ment chart, with centers corresponding and with direction of motion of the
storm aligned with direction arrow M. Multiply the wind speed at any

point on the pattern with the ratio at that point. Linear interpolation
between ratio isolines is valid. The area within the 1.00 ratio line has

a value of 1.00 throughout (i.e., the speed values from storm center out

to a distance of the radius of maximum wind are not changed).

| J 47 % | ,x,LR

Vance A. Myers
Chief, Hydrometeorolog{cal Branch
Attachments:

cc: 2 to OCE
4 copies of chart
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TO USE:

PLACE CERTER OYF ISOVEIL CHART OVER CENTER OF RATIO
CHART. ALIGN ARROW "' ALONG DIRECTION OF MOTION OF STORM.
WULTIPLY WIND SPEEDS BY THE INDICATED RATIOS.

SCALYE OF STATUTE MILES
- 1 | f— 1 4 o 1o 1 | .
G T . Y T . . 160

koite Chort 1o cofuet feovele of [C6 [urricenc TrGREpOECE
(QUR 74 0) 10 reviece SPO teovele (HUR (GG
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DEPARTMENT OF THE ARMY
OFFICE OF THE CHIEF OF ENGINEERS
WASHINGTON, D.C. 20315

IN REPLY REFER TO

ENGCW-EY 8 November 1965

SUBJECT: Hurricane Study, Review of U.S. Weather Bureau Hydrometeorological
Branch Hurricane Memorandums

TO: Division Engineer
Lower Mississippi Valley Division

1. Reference is made to New Orleans District letter of 29 September
1965, requesting review of hurricane memoranda prepared by the Weather
Bureau, and to OCE 1lst Indorsement thereto. &

2. The Hydrometeorological Branch has completed review of memoranda
HUR 7-62, 7-62A, 7-63, 7-64 and 7-65. Transmitted herewith is Memorandum
HUR 7-85 which gives a means of adjusting the isovel patterns in the
memoranda listed above to reflect the revisions in the basic SPH isovel
- patterns presented in HUR 7-84. A sample of an adjustment is also included.

FOR THE CHIEF OF ENGINEERS:

ANl

1 Incl WENDELL E, JOHNSON
HMB Memo HUR 7-85, Chief, Engineering Division
3 Nov 65 (dupe) ‘ Civil Works

LMVED-PH (OCE 8 Nov 65) 1st Ind

DA, Lower Miss. Valley Div, CE, Vicksburg, Miss. 39181 16 Nov 65

TO: District Engineer, New Orleans District, ATTN: LMNED-H

1 Incl G,.B.D.
dupe cy wd






ek 7-87

ERGCW-EY 22 December 1965

SUBJECT: HRurriomne Studies - Surface Winds over Quif of Mexico in Hurricane
Betsy, 9-10 September 1965

o: Pivision Engineer
lLower Misaissippl Velley Diviasion

1. BReferencs 1s made to Nev Oriseaas Pistrict letter of 29 Septesber 196
subject; "Hurricans Study, Review of U.S5. Weather Buresu Hydrometsorological
Branch Hurricans Memorasndums,” requesting tsovel pattarns and relsted date
for Burricene Betsy, 8-10 Septesber 1965. The Hydrometeorologics) Branch of
the Veathar Bureeu has completed preparation of the surface wind fields over
the Gulf of Mexico and the Mirssissippi Delte region during the passsge of
Burricane Betay, two ccpies of which are furnished directly to the New Orlean:
Distriet.

2., The study consists of HMS Memormndum HUR 7-87, a storm traseis chsart
spd 13 wind cherts, eovering the period from 0000 hours CST 9 September to
1800 hours CST 10 Septesber at 3-hour intervals exeept &-hour intervals for
the first three charts.

FOR THE CHIREF OF ENGINEERS:

1 Inesl WENDEIL E. JOHNSORE
R 7-87 (dupe) Chief, Bngimeering Diviaion
Civil Vorks
Dist Bogr, New Orlesms .
w/1 Inel

o 7-87 (dupe)
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U 7 J STATES DEPARTMENT OF Cc...ERCE
WEATHER BUREAU
WASHINGTON

October 21, 1959

IN REPLY. PLEASE ADDRESS
CHIEF, U.S. WEATHER BUREAU
WASHINGTON 28, D. C.

AND REFER TO

0-6,12

T0 ¢ DNr. A. L. m’ Civil Works
Office of Chief of Eagimeers
Corps of Engineers

FROM : Hydrometeorelogical Sectiom

SUBJECT: Memorandws MUR 7-65, SPH Wind Fields for Track B with forward epeed
of 5 knots

Herewith is transmitted the subject memorandum which furnishes isovel
charts for track B of the New Orleans Hurricame Study.

Charles 8, Gilmen, Chief
fiydrometeoralogical Section

th att. co OCE
th att. to BREB

&

e
ce

-
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UN.. _ STATES DEPARTMENT OF C. "~ ARCE
WEATHER BUREAU
WASHINGTON

tietober 21' 1939 N REPLY. PLEASE ADDRESS

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

‘6‘6.11

MEMORANDUM TO CORPS OF ENGIREERS
HUR 7-65

FROM w-nlmulﬁutm
SUBJECT: mwmmmm:uuwwusm

Referemces: 1. Memovasndum from OCE to MG, 17 August 1939 and Conference
at OCE 11-13 Augmet 1939, Subject, New Ozrleans Hurricane
Studies.

2. HER 7-62, SPH Wiad Fields for Track C (vevised), Critieal
for Worth Shore of Lake Pomtchartrein, September 8, 1959.

nz-mmamwmummuuw
mmmgmmcmmm:.cmmmmuu tpe
mttmﬂmnmtdmltuw““uwnwm 7.
MMWmmmmdeWCWMMHﬂG
mmmumwmmum“-a,l. Filling, shore
line snd fviction adjustments weve wade in & similar mamner as the precedurs

:mnm-mmuodummm-gm-mmna
=md mmmmamuurm-(mcm-mw-
befors and after ths hurr ex exossed the ceast).

S
o
1

icane cami
Alse emclosed ave a trask map amd a epirval. mruuu-udm
dotermining wind directioms as described i veference - 1 1
L

; =m«mu-uummnmﬂ
{came center in knets. ;

Hydremeteorclogical Section

2 ce with att. to OCE
2 ¢ec with att. to BEER



ENGWE 22 October 1959

| SUBJECT: Hurriesmne Study, Meteorological Criteria, lew Urleans Distmiet

TO: Pivision Bogineer
U, 8. Aamy Engineer Division, Lower ilassissippl Velley
Vieksburg, Mississippl

1. In aceordance with paregruph 1b of inclosure Ho. 3 of notes
cn conference held in OCE on 11-13 August 195G, subject, "Tharricans
Protection Studies (PL 71), New Orleans District’, the Hydrometeor-
ologleal Section of the Weather Buvean has furnished o memorandum for
the meteorological criteria specified therein. Two copies of the
memorandam, HUR 7-65, subject, "SPH Wind Fields for Track B with
Forward Speed of 5 Knots", dated 21 October 105U, are inclosed.

2. Daplicate coples of the memorandum have been furnished the
Deach Erosion Board. The remaining data cutlined in ineclosure No. 3
of the econference notes will Le forwarded as socon as recaived fram
the Weather Buresma.

FOR THE CHIEF OF ENCINEERS:

1 Inel {aup) ¥F. B. SLICHTER
M8 Memo HUR T-63, Chief, Engineeving Division
21 Oct 5% Civil Works

LMVGK 1lst Ind

U. 5, Army Engr Div, Lower Mississippi Valley, Vicksburs, Missg @

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

1 Incl G.B.D.
ale
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UNIIED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

Oetober 7, 190

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

AND REFER TO

LR -
MR T0 CORPH F SEIRITRE
BB 7=k
o 1 Hpdromstecwolaglionl Section
SUBJECY: OFE Vind Pields for Twack U with formmard spesds of O snd

15 mnots
w: 1. Mowovendus from OCF to BB, 17 2uguet 1979 and Comference
?ﬂ%s\wm, , How Oprleans Burriccne

2. WOR 7-62, BPR Wind Fielde for ‘reck ¢ {yeviesd), Critisml
for Nowth Shore of Leke Pomtchertrain, Septesder 8, 1959

This memtcrendum presents wind directions sd speeds soeopding to Htanderd
Projeet Nurvicans criteria Tor treek B, eritical nerth cunst of Opend Isle

3 pe with att. to OON




ENGWE 8 October 1959
SUBJECT: Hurricane Study, Meteorological Criteria, New Orleans District

TO: Division Engineer
U, 8. Army Bngineer Divieion, lower Miesissippl Valley
Vicksburg, Mississippl

1. In accordance with peragraph 1b of inclosure #3 of notes on
conference held in OCR on 11-13 August 1959, subject, "Hurricane Pro-
tection SBtudies (PL T1), New Orleans District”, the Hydrameteoroclogical
Section of the Weather Buresmu has furnished a memorandum for the metecr-
ological eriteria ied therein. Two copies of the memorandum,
HUR 7-64, subject, "SFH Wind Fields for Traek D with forward speeds of
5 and 15 knots", dated 7 October 1959, sre inclosed.

2. Iuplicate coples of the memorandien have been furnished the
Peach Erosion Bosrd. The remaining data outlined in inclosure #3 of
the conference notes will be forwarded as soon &s received from the
Weather Buresu.

FOR THE CHIEF OF BNGINEERS:

1 Inel (aup) F, B. SLICHTER
AMS Mamo HUR T-64, 7 Oet 59 thief, Engineering Division
Givil Works
LMVGK st Ind

U. S. Army Engr Div, Lower Mississippl Valley, Vicksburg, Miss. - ' | I

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

1 Incl : G.B.D.

nfe



UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU"
WASHINGTON

S ep t emb er 2 ]_ R l 9 ':) 9 IN REPLY, PLEASKE ADDRESS
- CHIEF, U. S, WEATHER BUREAU

WASHINGTON 25, D.C.
AND REFER TO

G-6.12
MEMORANDUM TO CORPS OF ENGINEERS
HUR 7-€3
FROM : Hydrometeorological Section
SUBJECT : SPH Wind Fields for Track F with Forward Speed 5 Knots,

Critical for Area I (Lake Borgne, Rigolets and south and
north shore of Lake Pontchartrain)

References: 1. Memorandum from OCE to HMS, 17 August 1559 and Con-
ference at OCE, 11-13 August 1959, Subject, New Or-
leans Hurricane Studies.

2. HUR 7-¢2, SPH Wind Fields for Track C freuisesd)
Critical for North Shore of Lake Pontchartrain,
September 8, 1959.

This memorandum presents wind directions and speeds according to
Standard Project Hurricane criteria for track F, critical for Area I (Lake
Borgne, Rigolets and the south and north shore of Lake Pontchartrain) for
a forward speed of 5 knots (as specified in reference /l/) The SPH over-
water pattern was rotated 18 degrees counter-clockwise from the track C
direction given in the over-water pattern of reference /2/ Filling, shore
line and friction adjustments were made in a similar manner as the procedure
used in HUR 7-62.

Isovel charts are enclosed at 2-hour intervals from -5 hours to +1
hours, at l-hour intervals from +1 hours to +14 hours and at 2-hour inter-
vals from +14 hours to +13 hours (the times are hours before and after the
hurricane center crossed the coast.)

Wind directions at any time and location can be determined from the
enclosed spiral which is a copy of the spiral enclosed with HUR 7-62. It
is used by placing the "X" mark over the hurricane center and rotating the
spiral until it is superimposed upon the point at which the wind direction
is desired. The wind direction at this point is tangent to the spiral and
blows counter-clockwise around the hurricane center.

In the map legends, Zz radius of maximum winds and F. S. = forward

speed of hurricane center.
harles S. Gilman, Chief

Attachments Hydrometeorological Section
cc: 2 to QCE with Att.
2 to BeB with Att.



UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

“m w’ w? IN REPLY., PLEASE ADDRESS

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

0-6.12

10 : Mr. A. L. Cochran, Civil Works
office of Chief of Engineers
Corps of Engineexs

YROM z-mwn&lmm

SUBJECT: NUR T-6@n, SPE Wind Fledd for Track C with a Rotated SFR
Pattern

mmumtmmmmwwtmmc
1sovel charts sent under NER T-62. is is in yespomse to s conversation
m&.mxwmm&.mdmmm-
ver 10, 1959

Charles S. Gilesn, Chief
Eyérometeorological Section

Attachments

se3 & to OCR with atitmclments
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

W 2&, mg cl-nzm REPLY, PLEASE ADDRESS
F., U. 5. WEATHER BUREAU
0-6.12
MEMORANDUM TO CORPS OF ENGIEEERS |8 H £
HUR 7-62A -' ™

SUBJECT: SPH Wind Field for Track C with a Eoteted SPH Fattern

Reference: R 7-62, £PE Wind Fislds for Track C (m‘h‘d) Critical for
Sorth Shore of Lake Pontehartrain, September 8, 1959

diffesent from that ueed in HIR 7-62 might give a stronger cmshore vind com-
Mmmmmwmmnahwmmm.
mmhupmwmbymmmmmwm;m}
mmmum-mmwmunmwtupmmuum

The following general conclusions sesm evident:

1. The +1k hour mp enclosed with EiR 7-62 gives a larger oversll
onshore component from A thwough C.

2. The +15 hour mp enclesed vith this memorandum gives & smeller

overell cnshore cempoment with s much amaller compobent alomg
AB, but with & larger cushore component along BC.

Charles 8. Gllmen, Chief
Rydrometecrological Sectiom

‘“ttachments

ec: L to OCE with sttachments
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON 25

September 8, 1959

IN REPLY, PLEASE ADDRESS
CHIEF OF BUREAU
AND REFER TO

0-6.12

TO + Mr. A. L., Cochran, Civil Works
Office of Chief of Engineers
Cerps of Engincexrs :

FROM : Hydrometesrological Sectiem
SUBJECT: MEMORAMDUM HUR 7-62, SPH Wind Fields for Track C YEEPFESeD)
Critical for North Shore of Lake Pomtchartrain

Herewith is transmitted the subject wemovandum which furaishes
isovel charts for tveek C of the New Orleams hurricase study.

Charles S. Cilman, Chief
Hydromsteorolggical Section

5 ez with agt. to OCE
2 ce with ast. to BED




UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON 25

m “ 1’” IN REPLY, PLEASE ADDRESS

CHIEF OF BUREAU
AND REFER TO

0-6.12

geferences: 1. MNemsvesdum from OCK Co NS, 17 August 1959, Subject,

meumuwmml-uumm—
cane Studies.

2. Comferesce at 9CX, 1i-13 August 1959, eubjest, Bew Or-
Lesuws Hurricsme Studies.

U 7-42, Stenderd Preject Burvicane Paremsters and
isovels Mid-Guif Comst ¥. ., Zome B, Getober 11, 1837.

ﬁ?-‘ﬂ, Leuisisne Burricsne of September 29, 1915,
Tramaposed to & Cwitical Teack, September &, 1957.
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2 Hp‘ta}:. The %pu’af Lajr
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from -& meurs L8 X0 howrs end for ihs bour before and afver cyitical
b,

For the forwerd speed of 15 xuots the cvivical tims e +5 bougs. &
irack map and isovel wape frew -1 te +% howrs st twe houy intervals and
for the bour hafore and afrsr critical tise baws becp pripaved.

¥ind divectiens at smy Cime snd lecetien can be detersined from ths
closed spirel. Ia sceordence with @0 7-42, reference :'3!, ene averlays
were prepared with an sagie of imcurvel we of 20 degress aut to the cadius
of marima winds (38 nanvticsl milesa), 2G-25 Jegrees fvom the vadiua of
aacdem wisde ko 1.2 tisss the rmdice of sexiews winds {30~ maulicel
wiles) swd 25 degress ilscurveturs beyomd this poluwe, The spirel i+ e
for thae §1:4%5,5% sap base. In order tn ase the spivel, the "I mar: is
placed over the hurricave cemter spd the spirval is fves te rovate. g ¥ae
wind diveciion 8k & mwiath’ to the exrve af that poist. >
W Ehe "‘{:rqf In{crsects fhe /;;5532 trom Whoh £he
2 tom s d.:;:ru{. HME 10 s 5y

t. SFE Pagtesn. The SPN patters for & aediun spsed of traeslation
(i knows) and a large sadios of swdeam winds (30 rautical wiiss) is
g:.y;amthu!mdwdaoﬁi-ﬁm:nm{nmnfﬂ-
gpee. This pattevn is the hesie of all isevsl cherts for beth forwerd
Apueds . The isowe! pebtern vas siigmed sc thet the radivs of maximm
wisds geve the stromgest onshore coapoment S0 tha cviticel tise. A copy
sf this basds pacters for detersmining over weter wind speeds where ot
shows on the other chaves is ewciosad.

siiling s pant .  After the herricape zemter crossed the
cHast , th«n m m m d}»smd fox !"u!lﬁ aceordisg te the tiwes adjust-
st fectore siven ip Tebls 1 of ¥ 7-44 [4/ and swplainsd is B2 7-39

f’*? Bevond L4 Beurr the adi.ctmemt factews wer: extrapsisted ‘lsearly
to 23 By,

_ setwent . Using topographic ueps of the Lake Pomtdhar-
train- numw hhs ﬂg,iw and vith & knowledge of osshere wind spesds,
& rough sobimate was sade of the iamd-208 beundary ss flooding eecurred and
thiz spprovimets shere lise vas used to mebe an edisstment for frictiea,

hm

Frictcion Sdiustaent. Yieds werse vedoeoad diw te irictien mapléiy
t!nmttn 1;-‘5‘*" ait&emwuwﬁfmmﬁdmﬂbntuum
mﬁ 4nL for warshy ersas. Greatar veductisns were .sed farther fmlemd. &

stmiier procedure war used for comstructing isod-to-vater (reesiticn sones.

1o the wep legends, B, redise of seslovw winds snd ¢ forverd speed
of herrisesas.

tharies 5. Cilmam. “hief
dydrowetesralagical Section

5 wikh atr. o 141
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

November 15, 1961 CHIEF, U. 5, WEATHER BUREAU

WASHINGTON 25, D. C.
AND REFER TO

3-6.12

T0 : Mr. A. L. Cochran, Civil Works
Office of Chief of Engineesxs
Corps of ingineers

Hydrometecrological Section

v,

FROM

SUBJECT: Memorandum HUR 7-6ls, "Relationships Between §PH
Isovel Patteras and Probable Maximum Zvents for the
New Orleans Area, continued”

The reference meworsndum i{s transmitted, discusaing the
question of effect of recent hurricenes on probable maximum
burricane intensity guidelines.

Vance A. Myers
Chief, Hydrometeorological Section

ce: 2 to OCE



UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

m““ ,6 IN REPLY. PLEASE ADDRESS
ls' 1 1 CHIEF, U. S. WEATHER BUREAU
WASHINGTON 25, D. C.
AND REFER TO

0'6 . 12

HEMOBANDUN TO CORFS OF ENGINEERS
HOR 7-6la
FROM t HRydrometeorological Section

SUBJECT : ‘Relationships Betwsen SPE Isovel Patterns and Probable
Meximum Bvents for the New Orlesns Arves, continued”

References: (1) HUR 7-61, “Relationships Betveen SPH Isovel Patterns
and Probable Maxisum Events for the New Orleans Area™

(2) NHRP Report Mo. 13, "Meteorological Considerations
Pertinent to Standaxd Project Hurricane, Atlantic and
Gulf Coasts of the United States”

"Carls", 1961, was reported to be ons of the largest and most severe
of hurricanes to hit the Gulf Coast area during the last several decades.
The question has been raised vhather this storm calls for sany changes in
probable maximum hurricane eriteria in referemce (1).

Pxespure

"Carla” had a central pressure of 27.50 inches just before entering
the coast near Port O'Connor, Texas. Extrapolating this value from its
point of occurrense to the latitude of Hew Orleans, using figure 4-B of
RUR 2-1 yields & central pressure index of 27.71 inches, considerably
higher than the 26.90 inches proposed for the PMN at this latitude in
reforence (1).

Hind
Two oppesing considerations apply.

The wind in a probable maximum hurricane is derived primarily frowm
the CPI, using empirical relations from past large storms. The thres
most recent severe hurricanes in the Gulf of Mexice, Csrls, Donna of
1960 on the west coast of Florida, and Audrey of 1957 in Texas-louisiana,
all sppaar to have had somewhat stronger maximum sustained windspeeds in
comparison with their respective CPI's than relations previcusly used



would call for. All were moving at moderate forward speeds.

Only a preliminary epprateal of readily svailable data has been
made for Donna sad Carls, but it seems likely that analysie of these
two savere storms will call for some increass fn winds to he expected
for a given CP1 for severe hurricanes in the Gulf region. Tentatively,
a factor of 1.25 is propossd to convert the modersts speed of trans-
laticn $Mi wind patterns of raference (2) snd previous msmorsnds to
e, {fostead of L. 14.

The other tousideratien relates to the affect of spesd of forward
uotion on & M. In reference (2) snd pravicus mesorands spesds on the
right-hand side of the track are incraased by spproximstely one-half
the speed of forward motion for fast-moviag SPi's. This increase is
B0t considered fully applicable to probsbie masnfawm hurricenes, as in-
creasing forvard wotion ylelds little or 20 imcrsase in wnargy availeble
te produce wind. The woderate-speed-5PH X 1.215 wind field proposed
sbove applies to a P of gny forward spasd.

(1f the old factor of 1.14 han been applied to high speed of trans-
lation SPH patterns, this also yields s pattern representative of Pl
on the more severe sids of tha stoerm being of shout the same inteasity -

as tha wind pattern proposed asbove) .)

Conclysion
No change in CPI for probsble maximum burriceme. Tentatively fa-
cresas factor to convert §PH winds of MERP Report No. 33 to probable

maximus level to 1.29%, but apply te moderate spasd of tramslation §PR
pattarns only.

Yancs A. Nysrs
Chief, HBydrometesrological Sectiom

¢cec: 2 to OCX
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON 25

m zl, l’s’ *  IN REPLY, PLEASE ADDRESS

CHIEF OF BUREAU
AND REFER TO

0-6.12

0 : M. A. L. Cochren, Civil Works
Office of Chief of Enginears
Corpe of Emginsers

FaoM : Hydrometeorological Sectiom

SUBJECT: Memorsndm BUR 7-61, dated August 21, 1939, Relaticaskips
Batveen 5P Isovel Patterms and Prodeble Maxioum Events for
the Now Orleans Area

Reference: OCE Memorandum, August 17, 1935, Herricame Criteria for
the Hew Orleans Hurricene Sgudies.

Enciosed is the subject memorsndum which deals with some com-
siderations regavding the characteristics of a Probable Haximm Hur-
ricans (PME) st the ilatitude and sone of cosstal Louisisna and coef-
ticients for comverting the gemeralized SPH to a MW,

Eydrometeoroleogical Section

Attpechmwents

ce: 5 with att. to OCE
2 with stt. to BEB



UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

August 21, 1959

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

AND REFER TO

0-6.12

MEMORANDUM TO CORPS OF ENGINKERS

WUR 7~61
FROM : Hydrometeorological Sectien
SUBJECT : Relationships Between SPH Isovel Patterns and Probable Maw fxvsn

Events for the New Orleans Area

References: (1) HMS Memorandum NUR 7-59, March 3, 1959, Relationships
between SPE Isovel Patterns snd Probable Maximum Events
for Lower Mew England Area.

(2) Corps of Engineers, Jacksonville District Partial Definite
Project Report, Central and Southern Florida Project for
Flood Control sad Other Purposes, Part IV, Lake Okeechobee
and Outlets, Section 2--Design Memorandum, Hurricene Winds
over Lake Okeachobea.

N (3) HMS Memorandum HUR 2-1, June 18, 1957, Frequency of Central
Pressure Indices along Atlantic Coast.

(4) R, K. Simpson, "Exploving the Eye of Typhoon Marge
1951, Bullstin of the American Meteorological Society,
vol. 33, No. 7, September 1951.

Ak (5) HMS Memorandum BUR 2-1, Jume 18, 1957, Frequency of Cen-
tral Pressure Indices along Atlantic Coast.

(6) HMS Memoramdum WUR 7-42, October 11, 1957, Standard
Project Hurricane Parsmeters and Isovels, Mid-Culf Coast
U. §., Zone B, and Standard Project Hurricame, Lake
Pontchartrain.

The Probable Maximum Hurricene (M) discussed here is conceived as
a storm possessing a combination of characteristics that will produce thae
physical msximum water beight (surge) superimposed sn the astronomical
tide. These characteristics are them related to thosa of the PR slveady
developed for Zone B (reference [ 6.7).

The parameters that determine surge height sre essentislly of twe
types, physiogrephic smd meteorologic, and only the latter will be dies-
cussed here. Since the optimum forward speed of 2 PME is dependent on
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physiographic factors, s ramge of forward speade is given.

The spproach in determining the PMH characteristice here ies similar
to thet in Memovendum BUR 7-58. All “gquotes”, therefore, refer to HUR 7-59.

w. "“The kinetic energy of the winds in & hurricene
is preduced by sir Flowing scross the isobars tovard lower pres-
sure. In order chat the totsl kinetic energy in the air columm

up the hurricsne may remain constant agsinst the dissipating
effects of friction, or imcrease, there must be sscending elr that
is warmer than the volume-compensating descending air. Ovdimarily,
in the atwosphere, sn sscending curreat becomes colder than its
Mmaquwwwmn- sRr-
roundings. This conditien tends to imhibit the development of
kinetic snergy in the absence of a pre-axisting bovizontal tem-~
perature difference.”

The exception to this general rule occurs when the lower layers sre very
vare and wolst and the upper layers velstively cool. The releass of
latent heat when the lower uir rises compensates for the adiasbatic cool-
ing emough to iusure that it remain warmer than the sinking air, thus
giving a kinetic-emergy-producing system. The atwosphere is then re-
ferred to as beisg couvectively unstable.

Because the ses surface is most effective as a heat source from
Juna through Octebsr, the convective imstability is most promounced dur-
ing this sseson. The strength of the affective hest source depends on
sea-surface tempersture and insolation, relatively fized factors. The
development of sxtreme instability is inhibited by the dissipstive action
of loecal convection and this sctiom, is tuwn, depends, in pert, on fixed
physical properties of the air.

‘rherefore the meximwa convective inatability that could sccumulate
and be availsble to drive a great hurricame of the maxisem probsble
category is mot extrsordinsrily in excess of what must have been
present for savere past hurricanes.

Central prossura. Apparently, the one wost significant character-
istic of @ hurvicsne is its central pressure, and msny supirical
relations bstween this and other charesteristics of the hurricsne
{at least in its mature stages) have bosn devised. Taken togethax
with pressures sround the periphery of the storm the centzal pres~
sute sets @ limit on how much kisetic energy cau be concentrated

in an ares; a5 the storm moves swey from the Tropics, sad conse-
quentiy farther from a geod sourcs of warm moist eir, the ceatral
prassure rises semewbat and the radive of waximum wind may incresass.
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e may estimate the lowest probable ?, for a hurvicape in ths
Tropics on the basis of simple hydrostatic reasoaing, using certain
assamptions of maximizsties sud utilising the idea of subpidence
ie the eye.’

Bydrestatic computation. Assume & hurricane extending €0 the
100-mb level (s mesn height of 54,410 feet in August), with &
surface tempersturs of 78°F, saturated. Assuse now & conditien
in which this gatursted sir vises moist adisbatically szound
the aye to the 100-wb level. Air at the 100-mb lovel heving
the same tempersture as the air brought up moist adisbstically
from the surface descands dry adisbatiecsily in the eye. The ver-
tical tempsrsture distribution is now such that hydrostatic com-
putations shew & surface pressurs of 25.30 imchee of mercwry.

! . Certain physical limitatious which militate
agaiost such en wctrems low pressure as described above ave im-
wedistely apparent: (1) sscents sad descents of air are less
complets snd clear-cut them was sssumed in the above example.
For emamples, studies in sctual hurricanss mede by Palmen (1948)
tndicate that advr st the 400-wb level ic the eye appears to have
descendad from the 200 mb while lower down the vertical displace-
wents are even smeller; (2) suy process which essumes large amounts
of descending mir must of mecessity be a» snergy-comsuming process.
These limitations suggest that a centrsl prassurs of 25.50 inches
is probsbly below the lowest likely to ceecur.

The lowest pressuve ever recorded (im a typhoon) was 26.153
inches. There is me reasen te suppose this was the lowest that
satuze could possibly producs. It is coneluded, thevsfore, that
a value neer 26.00" is typical for the PN value in the Tropies.”

Points of zefexence. The following references and sctusl occurrences
must slso be comsidered ln @ discussion of the FER for the New Orleamns
Zome: (1) Pil for Leke Okeechohee, refersace / 2/, (2) Gemerslismed SFH
studies, reference / 6 /; (3) sintswm pressure of 26.35 iuches in the
Florida Beys storm of Septesber 2, 1935; (4) lowest ses~level pressure
sver observed of 26.155 inches on August 18, 1927, 460 miles sast of Luasom,
nesr 16°R; snd (5) minimum pressure of 36.43 isghes in & msture typhoon
nesr 20°N, 135°E, in Augnet 1931, rofevence [ & /.

S AR TS L LY AN YL
s for & PMH at the ¥ew Orlesans Zene is to
sxtrapolate northwurd to the 29°H latituds the lowest central pressures
observed in the verious tropiesl hurricanes memtionsd ic the preceding
paregraph. This extrapelation is accomplished usiang figure 4-B of

estinmeting the centrsl pressur
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HUR 2-1 (reference / 3 /). This extrapolation ylelds & lowest central
pressure of 27.10 inches at 29°R.

mmtmmﬁmmmjmﬂmww
geat the possibility that & lower value is ressongble. Similar ext
tion yields a lowest value of sbout 27.00 inches. ‘

Further cossidexstions. Meteorslegically, the entire Gulf of Mexico
may be said te be in the Tropics during a great part of the hurricane
sessor. By this we mesn that the air and water surfsce have essentially
the ssme charscteristics ss, say, the Caribbean. Ove might then ssk,
“What {s the probability of sm occurresce such as that of the 1935 Florida
Keys (centrsl pressurs = 26.35 inches) st coastal Louisiamal”

Figure i, sppended, shews piots, by rank, of all the availabla central
pressures st the coast linee of hurricsses thet smtered the cosst in Florida
(iine #) and saywhere in U. 5. cosstal Gulf (line G). Omly cemtrsl pres-
suras of 28.50 isches snd below are shown. The straight lines have been
fittad by eye to the date--(the Flovrida ey hurricame, point A, not eon-
sidered in drawing the straight line faor ¥).

Assume that if 8 storm such =s the Labor Day Hurricase wers to oeccur
en the Louisisus Coast it weuld ccoupy the seme relative pesition te the
ieft end of line G as A {the Labor Day case) has to lice F. This leads
to & value of about 26.30 inches.

This highsr vslus for am estreme case is meteovolegiceily and physie-
graphicaily ressonsble; storms aleag the northers Gulf ave wore subjest
to the effects of drier sir from the continent snd to the effects of upper
troughs swving ie frem the sorth and west.

On Septembar 21, 1934, & minimus ceatral pressure of 26.93 lsches
was recorded i & typhoon that hit Japess mesr 33°F latitude. dAgain, we
asre forced to sssume that auy wvalue of central pressure that has occurred
at 33°N latitude could slso cceur te the seuth, at 29°H latituds.

The Lebor Day Hurricsee ia the Florida
Keye i» so far out of lime from the rest of the date that its probability
of oceurremce is very likely no better thea omce in & thowsend yesrs. There-
fore the value of 36.30 inches st the Louisissa Cosst is not suggested in
the Pl considerations unless an extrsmely iow probsbility veluse is desired.

The other consideretions discussed, plus the case at 1I°E mentioned
sbove, yield a lowest value of 26,99 lughes (assuming nature is capsble of
& walue slightly lowsr than has ever cccurved, taking Latitude and other
factors into counsideration).
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Thie central pressure would yleld wind speeds that are about 114%
of the SPH wind speeds.

Badive of mowimye winds. "Vork dome in examising hurricane
characteristics to determinme genevalised criteria for the SPH
:Mumtm’mmmmmmuw
soclated with ssaller vadii of wenimem winds. This tendency is
too slight to be & veliable guide in MBI priteris. The zadius of
mwmmmmcum“unnawiyxm
than thet of the lavge radius SPH."

for

§. Foruard speeds from sbout 5 teo 30 or 35 knots are
sccaptable the Pli. Speeds above this would imply inflow conditions
resulting im higher csntral pressures.

- » It is considered thst the most ressonsble coefficient
to convert the P fsowels te an MPE comnt i 114%0 Yor exemple, the
L00 mph SPH ifsovel bacowes 114 mph, ete.

For the radius of maximum winds, it is suggested that a vaiue squal
to, or slightly larger than, that of the SPH be used.

Any forwazd epeed of translation between 5 snd 35 koots is neteorolog-
ically scceptabie.

Charles 5. Gilman, Chief
Hydremetesorclogical Sectien

Attaciments

ee: 5 with att. to OCE
2 with att. to BER
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UNITED STATES DEPARTMENT OF GOMMERCE
WEATHER BUREAU
WASHINGTON

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

June 1]9’ 1958 IN REPLY., PLEASE ADDRESS

0-6.12

MEMORANDUM TO THE CORPS OF ENGINEERS
HUR 7-53
FROM ¢ Hydrometeorological Section

SUBJECT : Pressure and Winds over the Gulf of Mexico in Hﬁrricane
Flossy, September 23-24, 1956

REFERENCE: OCE Memorandum, March 17, 1958

Introduction

This study of wind and pressures in the hurricane, as it approached
and crossed the Mississippi River Delta during the period from 1800 CST
September 23 to 1230 CST September 24, 1956, was made as an aid 1n comput-
ing storm surge hydrographs along the mid-Gulf coast.

Irack

The track of Hurricane Flossy on September 23 and 24, 1956 with hourly
positions of the center indicated is shown in figure 1. The storm moved
off the Yucatan Peninsula into the Gulf of Mexico on September 22. It
moved northward scross the Gulf during the 23rd then recurved to the morth-
east just off the Louisiana coast. The center crossed the Mississippi
River Delta between Buras and Burrwood, La. between 0300 CST and 0600 CST
September 24. Comtinuing northeastward, the center moved inland near Val-
paraiso, Fla. sbout 1700 CST September 24.

Pressure

Central pregsure. The storm deepened slowly as it moved northward
across the Gulf of Mexico. At asbout 1600 CST September 23 when the storm
was centered 130 nautical miles south of New Orleans, La., a reconnaissance
flight reported & central pressure of 29.06 inches. On the early morning of
the 24th at the time the hurricane center moved across the Mississippi Del-
ta, the central pressure was computed to be near 28.80 inches. This value
was based on the minimum pressure of 29.03 inches reported at Burrwood as
the center psssed to the north of the station, and a pressure observation
of 28.94 inches frem a ship that passed within the eye of the storm about
0900 CST September 24. Later on the 24th, aircraft reconnaissance re-
ported a minimum pressure of 28.76 inches when the storm was centered just
off Pensacola, Fla. At 1725 CST when the center was crossing the coast,
a.dzedgc within the eye at Destin, Fle. also observed a -1n1-u- pressure
of 28. 76 inches.




Asymmetry of the sure field. The pressure distribution around
the hurricane was asymmetrical. The strongest pressure gradient near the
center, but beyond the radius of maximum wind, was in the forward sector.
The pressure gradient was weakest south of the center. In the right sector
of the storm, at a distance of 100 miles from the center and beyond, the
pressure gradient was greater than the gradients that occurred at this dis-
tance in the other directions (figure 2). The proximity of the subtropical
High to the northeast probably contributed te the larger pressure gradient
in this sector at a distance from the center.

Pressuxe profiles. Figure 2 shows pressure profiles in the forward
sector of the storm at 1830 CST September 23 using the reconnaissance ob-
servation of 29.06 inches at 1600 CST as the nminimum pressure and for the
period from 0000 CST to 0930 CST September 24 when the storm had deepened
and developed hurricane force winds. Beyond 35 miles from the center the
two visually-fitted curves correspond well to pressure profiles derived
from an exponential formula indicated by dashed lines. Ships observations
of pressure in each quadrant for the period from 1200 CST September 23 to
0000 CST September 24 when the storm was moving north to northeastward are
plotted in figure 2 to indicate the difference in the pressure distribution
in the right sector from the distribution in the forward secter. Obgerva-
tions at Burrwood and New Orleans are also plotted on the chart. A curve
has been visually fitted te the observations in the right sector to indicate
the probable average slope of the pressure profile in that sector.

Hind

Data. Isovel patterns were constructed from ship observations of wind .
speed, wind speeds observed at coastsl stations and adjusted to 30-ft over-
wvater speeds, and over-water wind speed profiles computed from pressure
profiles in the forward sector of the storm.

Composite wind speed chart. To determine the features of the wind

field that persisted over a period of time for use with the wind speeds re-
ported at 3-hourly intervals by the ships and coastel stations, a composite
chart of wind observations was constructed and snalyzed (figure 3). A num-
ber of ship reports and wind speeds observed at coastal stations and ad-
justed to 30-ft over-water speeds for the period from 1200 CST September 23
to 1230 September 24 were plotted showing the position of the observation

~

from the store center in relation te the direction of forward motion. Isovels

vere drawn to the data with extra weight being given to the observations
made at 0000 CS5T September 24 and later.

Considersble smoothing was necessary in analyzing the ship reports be-
cause large variations in speed were frequemtly reported within a small
area. These variations may have resulted from squalls in the ares which
affected only part of the ships, from observers overestimating or under-
estimating the wind speed, differences in the actual times of the observa-
tions, and transmittal errors.
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The maximum isovels in the right side of the storm were based largely
on the autographic wind speed records at Burrwood, La. In the left sector,
the maximum isovels where the data were lacking are based on 30-ft over-
wvater speeds computed from pressures, (figure 4). The 0000-0930 CST Septem-
ber 24 mean pressure profile in the forward sector (figure 2) was used for
this purpose.

Wind speed distribution. The composite wind speed pattern (figure 3)
is quite asymmetrical. Speeds are considerably higher at about 100 miles
from the center in the right sector than for the same distance in other
directions. An inspectien of weather charts for the period suggests that
the storm circulation in this sector was reinforced by the sub-tropical
High. As a gqualitative check on the validity of the wind speed observa-
tions in the right sector, gradient wind speeds for that sector were com-
puted. The computed speeds in the right sector remained higher than the
computed speeds in the forward sector beyond 60 miles from the ceanter over
the distances compared. Both the stronger pressure gradient and the larger
radius of curvature of air parcels in that sector would lead to higher wind
speeds. '

Deflection le

A composite wind deflection angle (the angle between the wind direction
and a tengent te a circle about the center) pattern over open water was pre-
pared from a plot of deflection angles from ship reports at 1200 CST, 1800 CST
September 23, 0000 CST and 0600 CST September 24 and from reports from Burr-
vood, ha. from 1800 CST Septamber 23 to 0200 CST September 24 (figure 5).
The chart is aligned to the north. Near the radius of maximum wind de-
flection angles of 20° were assumed because of a limited number of reports.
The deflection angle chart is not applicable {n the northern portion of
the hurricane noxth of 29° 30'N latitude just off the Mississippi, Ala-
bama and northwestern Florida coast. Deflection angles in that portion of
the storm were near 90 degrees.

1 cha

Isovel charts at 3-hourly intervals were constructed for the period
from 1830 CST September 23 to 1230 CST September 24 (figures 6-12). Where
observations were available, isovels were drawn to the observed speeds.
This analysis was then compared to the composite wind speed pattern (fig-
ure 3) for consistency and for aid in constructing the isovels where there
were no observations. The wind speed profile computed from the pressure
profile at 1830 CST September 23) in the forward sector of the storm (fig-
ure 4) was used to construct the isovels near the radius of maximum winds
at that time. The isovel pattern at 2130 CST September 23 was interpolated
between the 1830 CST pattern and the 0030 CST September 24 pattern. At
0330 CST and 0930 CST September 24 when little or no ship observations

were availsble, the composite wind speed chart adjusted for coastal ob-

servations and for continuity with adjacent patterns was used to construct
the isovel pattern over the Gulf.



Wind direction south of latitude 29°30' are determined from the
deflection angle chart (figure 5). Wind directions in the Gulf north of
latitude 29°30' were determined by streamline analysis of observed wind
directions. These derived wind directions are indicated by heavy arrows
on the i{sovel charts. -

Observations at coastal stations were taken on the half hour and
ship observations were made on the hour. The position of the hurricane
center is indicated at the half hour on the isovel charts, figures6-12.
This difference in the time of the ship observation and the chart time
caused the ship observations plotted on the isovel chart to be displaced
about five miles (the average forward speed of the storm was 10 knots)
from the center. Because of the few observations near the center this
displacement is not considered significant. All data shown in the com-
:posite chart and the pressure profiles were plotted relative to the dis-
tance of the observation point from the center at the time of observation.



‘Table 1
PARARTERS OF m'sirmmn 24, 1956 HURRICAME NEAR BURRWOOD, LA.
‘ ’o' Central pressure (inches), 28.80*
Pn' Asymptotic pressure (inches), 29.97*
v x* Maximum gradient wind (mph), 74%%

8
)
R, Radius of maximum winds (nautical miles)

Computed 30%
Observed 22

C, 4-Hour average forward speed at the
Coast (knots) 10

At Burrwood, La.

Lowest observed pressure (inches), 29.03

Minimum distance from station to storm track (nautical miles), 17

*Computed from the axponential profile based on the best fit of the
following formula to the dnta

where P is the pressure at radius r, R the radius of maximum winds,
Po the central pressure, and Pn the asymptotic pressure.

**Theoretical friction-free wind speed at R. - . \

e
- [/ T ;Z/ﬂ,
Z;éngarloo S. Gilman, Chief
Hydrometeorological Section

Copies
10 to OCE
1 to BEB



o100
oooo  Sept. 24

p

Jﬂlm

©1200 gepr. 23

Oindicotes hourly positio
Note: All times CST

Scale: Nauticol Miles
20 30 40 50 6o

ns of centers

10

Figure 1.

IRACK OF HURRICANE FLOSSY

SEPTEMBER 23-2k4, 1956




SEA LEVEL PRESSURE (INCHES)

29.90

29.70—

29.50 —

29.30

/830

29.10

28BS0 ——

a /630

(]
Forward sector

Sept 23

\ Forward sector O Right front quadrant
0000 -0930 Sept. 24 ‘ 8 Aircraft reconnaissance

e 09
/

Topt 24

] ] | l | | [ el el ]
Exponential profile - forward sector Lo e O a9
1830 Sept. 23 0000-0930 Sept. 24 —— 00 12 am /e
—. —7z 00 ® 00
/8 A/ 12 /2 8 12 a - /2 00
o o 2 —
ar2 / /30‘ 00 .%/'ao . 18 ] /8
Y12 oo730 18 /8 000 800 /8 —
‘ 0/8 00 ¢
+/8
Right sector
1800 Sept 23 -0000 CST Sept. 24
" —]
LEGEND

o Observations a? land stations
Location of ship observations

¢ Left rear quadrant ' N

a Left front quadrant
® Right rear quadrant

= == Exponential profile S
Visually fitted profile
Note: All times-CST

L N

:Zﬁ?f@ﬁ
©

20

40

60 80 100 120 140 160 180 200

DISTANCE FROM CENTER (NAUTICAL MILES)
Figure 2

FRESSURE FROFILES IN THE FORWARD AND RIGHT SECTQRS OoF
HURRICANE FLOSSY

SEPTEMBER 23-2h, 1956




7~ -~

Flgure 3. COMPOSITE WIND-SPEED PATTERN
HURRICANE FLOSSY

1230 CST SEPTEMBER 23-
1230 CST SEPTEMBER 24, 1956

/ 20
o 24

5) 0430
2520830 0330

APALACHICOLA

24060 0530 ° o030
SAIO'VSO 0130
J08!0 28,
NEW o VALPARAISO
LAFAYETTE QRLEANS ,J: 10130 dond
e (g: oY
0800, 100
2 A 20
1330 5 aé
howo PR W Y
If”ﬂ)M%ILE(:' ylﬁ#‘(
] %
borso_bus oo BURRWOOD
0830agy ‘/ﬁ
i 1730 o3
3¢7Joss0 0230 1230 oog?®
8¥hoss0 1835~
o,
0 Y730 e .
s ® 1805% 29
o =
" ) e &
”\ouo fzp% # Tooo'? o
1
\msolﬁw 38 l

S o
0730" Yy

LEGEND

lD/ncﬁon of forword molion
Center

STATION MODELS
COASTAL STATIONS

1230 CST Sep!. 23
~1230 CST Sepl. 24 1200 CST Sept. 23

SHIP OBSERVATIONS

2 w0 eose 42 30-11. over -worer - 0600 CST Sept. 24
080 SCALE ~ind spesd 43 Wind speed
Wind direction 4 Wind direction
Note: Speeds in MPH O 10 20 30 40 %0 60 03 Time of obs.- token ot 03 Time of obs. loken

A/l times CST NAUTICAL MILES 3O0min. post the hr. CST on the rour CST



WIND SPEED (MPH)

100

80

0000 -0930 CST SEPTEMBER 24
— NEAR BURRWOOD, LA. —

1830 CST SEPTEMBER 23

o 20 40 . 60 : 80 100 120 140 160

DISTANCE FROM CENTER (NAUTICAL MILES)

Pigure 4. COMPUTED 30-FT OVER-WATER WINTb SPEED PROFILES FORWARD SECTOR
' HURRICANE FLOSSY :

SEPTEMBER 23-2%, 1956



1800

w2

-20° BURRWOOD

130°

+40°

[V Eall

LEGEND

1 North
Hurricone center
J000 Time of observation

SCALE
245! Metigction ongle (degrees)

| ——— T S —
Seml¥/ind gigotion 0 10 20 3040 50 60
Wote: AN times £5T NAUTICAL MILES

Figure 5. WIND DEFLECTION ANGLES SOUTH OF IATITUDE 29°30'N
T HIRRICANE FLOSSY :

1830 CST SEPTEMBER 23 to
4230 CST SEPTEMBER 2k, 1956



8
-ov.u } :‘o'-;“ PAM
T}
cNAT
- "
2 on) v%
0e22)
00! (0233) {02.

85

8

STATION MOOELS

Coasto! stotions tse

= 3530~ 1. ower.woVer speed (mph). -py

7. spead (mph] P iy

0a7
983 \
oo 1541
3
e I N N
LEGEND 1 o
o e R
\ n s/g-“” 35) T’ \uesm
N 0 088

30-
08 ~_surtoce pressure fmty
& TT0ine dinection

(s
11830
loao
Ship cbservations . \—4)_.—/ K
O91— surfoce prassurs (mb) 9 \ us

/u:s wind speed {Anots) . . vas) \ .
wind direction in tens
of degrees (T
wa direction

’lenl wind direction L
30—,

Note: Speed portem in mph. [ . 25‘—/

Figure 6. ESTIMATED 30-FT WIND SPEED AND DIRECTION
HURRICANE FLOSSY

1830 CST SEPTEMBER 23, 1956




v%

LEGEND
—Direction ot forwors motion
——Hurricone center

STATION MODELS
Coostal stations
%ﬂ- 11 over_water speed (mph)
30-1. speed (mph)
°/ %:m pressure (mty
wind direction

Srip odservotions

OFln— surfoce pressure (mo)
I23) -wind speed (Anots)
WIRC direction in rems
! deprees
wind direction
,an wind direction
D 0000 ootsem in mph. 1

e ———————— MI

2130 CST SEPTEMBER 23, 1956



Note: Speed pottem in mph,

0-14
3 iy
. oar
CMN
Cad
°Q3 30
r'y.d
.
©
13630)
olo
ose o052
o8l
—_
828)'
2727y
LEGEND

~—birection ot torwory motion
~——Hurricane center
STATiON MODELS
Coostar stotions

= 35—30- 11 over_woter speed (mph)
30-11. speed (mph)
o/ 0\5’\ Surtoce pressure (moy
wind direction
Ship observations

051— surtoce pressure (mby

/21251 wind speed fkmors)
%.w drection v sans
©F oepraes

wind direction

Fotrives ving direction

VPS 20
\.‘ mx
-l iaadt AN
"'"35.45/\ - DU
231 oo )
‘ I% APC éc
. e\ Z}H/
‘ 1
X X
w: X
Y %
X
7 936
7 ) \ 1735) N
o
90 !
283
(2745 . N
3 f' funaa)
O41
/mso/
024 o
Toss ose {7, o
023 o3 ors / d20301 \{1630) 1620}
12834
@137 214 os1
(2645) mw)lo.'
- rose 7
(1038 ’S’“
ur
oe?
\mzz;
2Ee

Figlme 8. ESTIMATED 30-FT WIND SPEED AND DIRECTION

HURRICANE FLOSSY

0030 CST SEPTEMBER 2k, 1956




LT 15-2t

Leaeno

~——Direction of torpory motion
——Murricone center

STaron MODELS
Coustor stations

Ship observationy

4

wnd direction
’Drﬂnﬂ wind direction

Note: SPrg pOINOrD in mon,

047

D9/~ surtoce pressure (mb)

2123) _.wing Soeed (knaty)
2D direction in tens
o7 degrees

[ ot iy
l\ 24
oLl
1 = (N (" S
; Cus o L
A ooy =
» Arc CARRABELL
S0eRA &Y, P
30 4 K [~ ™) {:V
T A
'xd
rAU_Y Zor? 60 7
70
>

T)

so.__—/

AND DIRECTIQN
ESTIMATED 30-FT WIND SPEED AND
Figure 9. : HURRICANE FLOSSY

0330 CST SEPTEMBER 2%, 1956



LEGEND
i_mmfm ot forword motion
——Murricone center
STATION MODELS
Coosto! stotions

= 35—30- 1t over_water speed (mpn)

30-11. speed (moh}
%uﬂm pressure fmoy
wind dirsction
Snip otservations
D/ surtoce pressure (mp)
(8125) .wind spesd (anots)
wind direction in fens
of degrees
wng dirsction

fommv wind direction
Nom: Speed oottem in mph

> Joes 263
T

020 024

it
T @7es;

058

~ /J/ &

§

Figure 10.

ESTIMATED 30-FT WIND SPEED _AND DIRECTION

HURRICANE FLOSSY

0630 CST SEPTEMBER 24, 1956



AN f
LEGEND

I_aimh'an of forward motion 4
~—MNurricane center

STarion mMopeLs )
Coostat stotions

30 35— 30- 1+ overworer Speed (mph)
I oa—30-1t speed (moh)

(( 26~ surtoce pressure fmty
Nt

Ship observotions \
/ 09— surtoce pressure (mb)

(RI23)_-wind speed (knots)
wind direction in fens
of degrees
mng direction

’Dn}nﬂ wing girection

Now: Speed potrers in mos.
i

f : &

' ' TION
. . ESTIMATED 30-FT WIND SPEED AND DIREC
Flgure 11 HURRICANE FLOSSY

0930 CST SEPTEMBER 2k, 1956



LEGEND
—Dirsction of forword motion
—Huwrricone center

STATION MOOELS
Coastel stations
30 35—30-11 over-woter spaed (moh)
30- 1. speed (mph)
‘( 06 I—_surfoce pressure fnty
Ship observotions
O9i—— surtoce pressure (mb)
/ (2/25) .~ wind speed (knof3)
g direction in fens
of degrees
wend girection
: Derived wind direction
Not~: Sr. ed_portem in moh.

oss
Teaze

oes
N\g2oz

N\ p

ore

,nm

081
T

ost

1'8!51

Figure 12, ESTIMATED 30-FT WIND SPEED AND DIRECTION
F.

1230 CST SEPTEMBER 2k, 1956

USCOMM-WB-DC



<
N

UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

IN REPLY, PLEASE ADDRESS
June 19’ 1958 CHIEF, U. S. WEATHER BUREAU
WASHINGTON 25, D. C.
AND REFER TO

0-6.12

MEMORANDUM TO THE CORPS OF ENGINEERS
HUR 7-53
FROM ¢ Hydrometeorological Section

SUBJECT : Pressure and Winds over the Gulf of Mexico in Hurricane
Flossy, September 23-24, 1956

REFERENCE: OCE Memorandum, March 17, 1958

Introduction

This study of wind and pressures in the hurricane, as it approached
and crossed the Mississippi River Delta during the period from 1800 CST
September 23 to 1230 CST September 24, 1956, was made as an aid in comput-
ing storm surge hydrographs along the mid-Gulf coast.

Track

The track of Hurricane Flossy on September 23 and 24, 1956 with hourly
positions of the center indicated is shown in figure 1. The storm moved
off the Yucatan Peninsula into the Gulf of Mexico on September 22. It
moved northward across the Gulf during the 23rd then recurved to the north-
east just off the Louisiana coast. The center crossed the Mississippi
River Delta between Buras and Burrwood, La. between 0300 CST and 0600 CST
September 24. Continuing northeastward, the center moved inland near Val-
paraiso, Fla. about 1700 CST September 24.

Pressure

Central pressure. The storm deepened slowly as it moved northward
across the Gulf of Mexico. At about 1600 CST September 23 when the stom
was centered 130 nautical wmiles south of New Orleans, La., a reconnaissance
flight reported a central pressure of 29.06 inches. On the early morning of
the 24th at the time the hurricane center moved across the Mississippi Del-
ta, the central pressure was computed to be near 28.80 inches. This value
was based on the minimum pressure of 29.03 inches reported at Burrwood as
the center passed to the north of the station, and a pressure observation
of 28.94 inches from a ship that passed within the eye of the storm about
0900 CST September 24. Later on the 24th, aircraft recounaissance re-
ported a minimum pressure of 28.76 inches when the storm was centered just
off Pensacola, Fla. At 1725 CST when the center was crossing the coast,

a dredge within the eye at Destin, Fla. also observed a minimum pressur
of 28.76 inches.




5 AR 7 PX 4. The pressure distribution around
the hurricene was asymmetrical. The strongest pressure gradient nesr the
center, but beyond the radius of maximum wind, wes in the forwerd sector.
The pressure gradient wes weakest south of the center. Im the right sector
of the sterm, at a distance of 100 miles from the center and beyond, the
pm. gradient was. greater than the gradients that occurred at this dis-

¢ in the other sttions (figure 2). The proximity of the subtropical
to the northeast probably contributed te the ln-gcr pressure 3rmcnt
in this secter at a distance from the center.

M' Figure 2 shows pressure profiles in the forward
sector of the sterm at 1830 CST September 23 using the reconnaissance ob-
ssrvation of 29.06 inchey at 1600 CST as the minimum pressure and for the
pariod from 0000 CST te $930 CST September 24 when the storm had deepened
and developed hurricane force winds. Beyond 35 miles from the center the
two visually-fitted curves correspond well ¢o pressure profiles derived
from an exponentisl formula indicated by dashed lines. Ships observations
of pressure in each qusdrant for the period from 1200 C5T September 23 to
0000 CST Septsmber 24 when the storm was moving north to northeastward are
plotted im figure 2 to indicate the &uormo io the pressure distribution
in the right sector from the distribution in the forward secter. Observa-
tions' at Burrwood and New Orleans are also plotted on the chart. 4 curve
his been visually fitted te the observations in the right sector te indicate
tﬁo probable nvc:qc tlopo of the prmuro profile in that sester.

!'.j&é
B Pate. Isevel patterns were constructed from ship obsesvations of wind
-pud wind speeds cbserved at eonul lnuonn and adjutod to 30-ft over-

profiles in the forward sector of the stora.

Composite wind speed chert. To dctor-tnc the features of the wind
ffeld that persisted over a pertod of time for use with ‘the wind speeds re-
parted at 3-hourly intervals by the th&ps end cosstal stations, s composite
chart of wind observations was censtructed and anslyszed (figure 3). Anwm- ~ I°
ber of ship reports end wind speeds ebserved at coastal stations and ad-
justed to 30-ft over-water speeds for the period from 1200 CST September 23
te 1230 Ssptembar 24 were pletted showing the position of the observation
from the stora ceater in relation te the direction of forward motion. Isovels
wirs drawn to the data with extra weight being given to the observations -
uda at 0000 CST September 24 snd later. 3

Considersble mothm was neg¢essary 1: mlynug the ship rcpc:u hc-
ceuse large varistions in speed were fregquently reported within a small
area. These variations mey have resulted from squalls in the sres which
at!ectd only part of the ships, from observers overestimating or umder-
estimating the wind speed, differences in the actual times of ths cb)or\va-
tfoms, and tranemittal errors. .




The nlxi.n tmoll in the right side of the ltom were based largely
‘on the swtographic wind speed records at Burrwood, La. In the left sector,
the maximum isovels where the data were lacking are based on 30-ft over-
water speeds computed from pressures, (figure 4). The 0000-0930 CST Septem-
ber 24 mean prassure prof:l.lo in the forward sector (figure 2) was used for
this puspose. :

MW The composite wind speed pattern (figure 3)
is quite asymmetrical. Speeds are considerably higher at sbout 100 miles
from the ceater in the right sector than for the same distance in other
directions. An inspectien of weather charts for the period suggests that
the storm circulstion in this sector was reinforced by the.sub-tropical
High. As a gualitative check on the validity of the wind speed observa-
tions in the right sector, gradient wind spesds for that sector were com-
puted. The computed speeds in the right sector remained higher than the
. computed speeds in the forwerd sector beyond 60 miles from the center over
the distances compared. Both the stronger pressure gradient and the larger
radius of curvaturs of air parcels in that sector would lead to hizh‘r wviad
speeds.

Deflection a0g 1e | . SN

A composite wind deflection engle (the angle between the wind divectiom
and a tangent te & circle about the center) pattern over open water was pre-
pared from a plot of deflection angles from ship reports at 1200 CST, 1800 CST
Ssptembar 23, 0000 CST and 0600 CST September 24 and from reports fro- Bure-
wood, La. from 1800 CST September 23 to 0200 GST September 24 (figure 5).

The chart is aligned to the north. MNear the radius-of maximum wind de-
flection angles of 20° were assumed because of a limited number of reports.
The deflection angle chart is not spplicable in the northern portion of
the burricane nerth of 29° 30'N latitude just off the Nississippi, Ala-
bama snd northwestern Fiorida coast. Deflection angles in that portion of
the stora were masx 90 degrees.

Isovel charts at 3-hourly intervals were constructed for the period
from 1830 CST September 23 to 1230 CST September 24 (figures 6-12). Where
observations were asvailable, 1isovels were drawn to the observed spseds.
This snalysis was then compared to the composite wind speed pattern (fig-
ure 3) for comsistency and for aid in constructing the isovels where there
were no observatiens. The wind speed profile computed from the pressure
profuo at 1830 CST September 23 in the forwvard sector ef the storm (fig-
wre 4) was used to construct the isovels near the radius of maxisum winds
at that time. The isovel pattern at 2130 CST September 23 was 1ut;rpolssd
betvaen the 1830 CST patters and the 0030 CST September 24 pattern, At
0330 CST and 0930 C3T Septesmber 24 vhen little or no ship observations:
were avsilable, the compesite wind speed chart adjusted for coastal ob-
servatiens and for comtinuity with adjacent patterns was used to construct
the isovel pattern over tflu Gulf.




Wind direction south of latitude 29°30' are determined from the
deflection angle chart (figure 5). Wind directions in the Gulf north of
latitude 29°30' were determined by streamline analysis of observed wind
directions. These derived wind directions are indicated by heavy arrows
on the isovel charts. - ‘

: Observations at ccastal stations were taken on the half hour and
ship observations weie made on the hour. The position of the hurricane
center is indicated at the half hour on the isovel charts, figures6-12.
This difference in the time of the ship observation and the chart time
caused the ship observations plotted on the isovel chart to be displaced
sbout- five miles (the average forward speed of the storm was 10 knots)
from the center. Because of the few observations near the center this
displacement is not considered significant. All data shown in the com-
posite chart and the pressure profiles were plotted relative to the dis-
tance of the observation point from the center at the time of observationm.



‘Table 1

PARAGTERS OF THE SEPTEMBER 24, 1956 HURRICANE MEAR BURRWOOD, LA.
P . Cemtral pressure (inches), 28.80%
i’ '’ Asgugptotic pressure (iﬁchu).’ 29.97% .
gx’ » Maxismm gradient wind (-ph). T4%e
l Radius of asainun winds (nautical miles)
Computed 30%
Observed 22

€, 4-Hour gverage forward speed at the
- Coast (knots) - 10

As Burywood, Le.
Lowest observed pressure (inches), 29.03

mm- dtstance fro- station to storm track (nauti.éul niles), 17

'Gaqnt“ from the uponanthl proﬁh bu.d on the best ftt of the
,ionmu formula to the datas
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

March 24' 1958 IN RZIPLY, PLEABE ADODRESS
CHIEF, U. 8. WEATHER BUREAU
WASHINGTON 28, D. C.
AND REFER TO

0-6.12

MEMORANDUM TO THE CORPS OF ENGINEERS
HUR 7-51
FROM ¢ Hydrometeorological Section

SUBJECT : Pressures, Wind Speeds and Directions in Hurricane Audrey near
the Louisiana Coast, June 27, 1957

Introduction

Hurricane Audrey of June 27, 1957, one of the most destructive June
hurricanes of record, moved inland near the Texas-Louisiana border causing
disastrous storm tides along the coast. Greatest destruction from tides and
winds extended from Sabine Lake, Tex., to Cote Blanche Bay, La. The death
toll in this area is estimated at about 400 and damage at $150,000,000%. As
an aid in computing storm surge hydrographs, a detailed wind and pressure
analysis of this storm has been made.

Track

Hurricane Audrey was first reported ._as a tropical depression in the
X Bay of Campeche on June 24, 1957. The storm increased to hurricane intensity
on the 25th and then moved northward, the center crossing the Louisiana coast
at about 0830 CST June 27 midway between Sabine, Tex. and Cameron, La. The
storm began recurvature to the northeast about the time it passed inland.

,//f The smoothed track of the hurricane center is shown in figure 1. Over
the Gulf of Mexico, hourly positions of the storm center along the track were
determined largely from aircraft reconnaissance reports and land based radar
reports. Over land, the hourly positions were determined from reports of
calms and from radar reports. As the hurricane center crossed the coast, the
radar eye was reported to be larger than the wind eye. However, the latter

-
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v
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was contained within the radar eye. Reports of minimum pressures and wind
shifts were also used in positioning the track by applying methods described
in Hydrometeorological Report No. 32, "Characteristics of United States Hur-
ricanes Pertinent to Levee Design for Lake Okeechobee, Florida."”

Pressure

There was no observation of the minimum pressure in the hurricame at
the time the center moved inland. An indication of the central pressure at
the coast was obtained by constructing an average sea-level pressure profile
for the hurricane (figure 2) by the method described in Hydrometeorological
Report No. 32, using the equation

-R
P-P T
= e
P-P
n o
vhere P_ = central pressure, P_ = asymptotic pressure, R = radius to area of

maximum winds, and P = pressutg at distance r.

In this method, which assumes a circular storm, an exponential profile
defined by the above formula is fitted to a visually-drawn radial pressure
profile of the storm most exactly for the inner portion and less exactly for
the entire profile in order to minimize the error in Po'

The lowest observed pressure in the hurricane, 28.30 in. at Hackberry,
La., 12 nautical miles from the pressure center, was used as the innermost
point of the visually-drawn profile when computing the exponential curve.
The minimum observed pressure at Port Arthur, Tex., 28.52. in., 17 nautical
miles from the pressure center, also fell on the exponential curve. Pressure
distribution around Audrey as a whole was asymmetrical, but it was most near-
ly symmetrical within 60 nautical miles of the center. The exponential pro-
file, shown as the heavy line in figure 2, was fitted to the visually-drawn
profile of the symmetrical part of the hurricane. Beyond 60 nautical miles
from the center, where the asymmetry was greater, the exponential curve de-
parts from the visually-fitted curve.

A 70-percent confidence interval about the central pressure as extrap-
olated from the pressure observation nearest the pressure center can be read
from figure 18, Hydrometeorological Report No. 32. This chart indicates that,
assuming the observed pressure observations are placed the correct distance
from the storm center, there is a 70-percent probability that the true cen-
tral pressure in Hurricane Audrey lies between 27.15 in. and 28 35 in. This
range is shown by the dashed lines in figure 2.

Composite wind;pattern

A composite over-waterlwind speed and direction pattern for the hurri-
cane when 1t was off the Texas-Louisiana coast is shown in figure 4. The




pattern was developed from ship reports, coastal observations and aircraft
reconnaissance reports,

Converting observations from time to space distribution--To supplement
the sparse offshore observations over the hurricane, wind observations from

 coastal stationms adjusted to 30-ft over-water speeds were converted from a

time to space distribution by plotting the data on a chart relative to the
storm center and the direction of forward motion at the time of the observa-
tion (figure 3). A

Time periods for observations--To construct the over-water wind speed *
pattern, ship observations of wind velocities for the period from 1500 CST
June 26 to 1800 CST June 27 and wind velocities at coastal Weather Bureau
stations at hourly intervals for the period from 1800 CST June 26 through
1800 CST June 27 were plotted on the composite observation chart (figure 3).
These periods of time were selected in order to obtain observations in all
quadrants of the hurricane as it passed over the coastal stations. Wind re-
ports made by the U, §. Coast Guard Stations at Sabine, Tex. and Cameron, La.
were also plotted on the chart. However, since the values plotted on the
chart represented sustained wind speeds, the peak gusts reported by four
Continental 0il Co. oil barge tenders adrift off the coast southeast of Cam-
eron were not plotted on the composite observation chart..

Adiustments for intensity changes off the coast--In constructing the

‘composite wind speed pattern, no adjustments were made to the wind speed for

the effects of deepening or filling as the storm center approached the coast.
When the hurricane was over the Gulf, the data near the center were too lim=~
ited to indicate the details of any changes in the central pressure. Nor
were there marked changes over the outer portion of the storm where data were
available to serve as a guide to the time or amount of change of intensity

of the storm. :

Adjustments for filling after landfall of center--The wind bpeéds ob~-

- served at the coastal stations after the storm center had been over land and
“£111ling had occurred were adjusted upward to assumed corresponding values

before landfall. The adjustments were by the factors in the following table

*a@#pted from a study of average filling rates for 1l hurricames.



Table 1
FACTORS FOR INCREASING HURRICANE WINDS OBSERVED AFTER LANDFALL
TO COMPENSATE FOR FILLING OVER LAND

Time (hours) _ Adjustment Ratio for Wind Speed

T (at coast) 1.00
1.08
1.14
1.18
1.22
1.25
. . 1.28
' 1.32
1.35

RN N NN ]
++++E
NV WN -

The time selected for T (landfall of center) was 0900 CST June 27, 7 \"

Analysis of observations--Independent analyses were made from the ship
reports and from the adjusted land station reports. The two analyses agreed
very well in most areas. The final analysis (figure 4) was made by combining
the first two analyses and comparing the resulting isovel. pattern with the
distribution of wind speeds in the hurricane as reported by aircraft recon-
naissance. The final composite pattern shows a wind-speed maximum of over
100 mph in the right sector.

Radius of maximum winds

A radius of maximum winds of nineteen nautical miles was computed using
the exponential formula from the preceding section. This value is supported:
by observed data. Neither Lake Charles, La. nor Port Arthur, Tex., ‘
approximately 19 nautical miles to the right and left of the track
" storm center, respectively, reported a lull in the wind as'the center
closest to th¥ station. Their peak winds occurred about the time the
passed closest to the statibn (figure 3). This would indieate ‘tha
at or cuteide the radius of maximum winds. The wind eye at the
ported to be less than 15 miles in diameter.* The U, S, Gblicv?
Sabine, Tex., 15 nautical miles west of the track, reported :a’decreass
wvinds as the center passed by, and at Cameron, about 20 nautical miles. ﬁnﬂthe
' east of the. track, the Coast Guard reported that there was no decrease in

speed., Tharefore it 18 reasonable to assume that the average radius of mAX:

,igumtwindl was within the area defined by the minimum distance of Lake:

* Repbrt to Chief of Weather Bureau from Director, National Hurricane Re-
search Project, July 6, 1957.



and Port Arthur from the center and the limits of the wind eye.
Isovel charts for various hours

Isovel charts are shown in figure 5 for 0000 CST June 27 when the
storm was still over the Gulf, in figure 6 for 0600 CST June 27 when the cen-
ter was nearer the coast, in figure 7 for 0800 CST when the center was at the
coast, and in figure 8 for 1300 CST June 27 when the center had moved inland.
For the first three charts it was assumed that no appreciable filling or deep-
ening occurréd from 0000 CST June 27 until after the storm center crossed the
coast. The composite wind-speed pattern (figure 4) was superimposed on charts
of the Gulf with the front sector of the psttern aligned in the direction of
forward motion. The isovels along -the coast were adjusted to off-water and
off-land speeds. To construct the isovels off the coast at 1300 CST, when
the storm had been inland for several hours, a new composite wind-speed pat-
tern was constructed for that portion of the storm remaining over water by
the method described above under composite wind pattern using observations
from 1300 CST to 1800 CST, unadjusted for the effects of filling. -

Wind direction

Wind directions in the storm are shown by the short arrows on the com-
posite wind-speed and direction pattern, figure 4. Since the hurricane was
not symmetrical, a standard wind deflection angle across circles around the
center as used for some other hurricanes was not appropriate. A composite
pressure pattern for the storm at the coast (not shown) was drawn by adding
the pressure values to wind observations in the composite plot of the coastal
stations used for the wind-speed analysis and then drawing isobars to these
pressure values. The majority of the ship reports showed good agreement with
directional arrows drawn at 25° to the tangent to the isobars, so this de-
flection angle was used over the whole storm. By 1500 CST June 27, after the
storm center had moved over land, the isobar pattern changed, becoming elonga-
ted to the west instead of to the south. This change, and the recurvature of
the hurricane to the northeast, gives an apparent increase in the deflection
angle across the isobars of the composite observation chart (figure 3) for
those observations that were made in the left rear quadrant after 1200 CST v
June 27. However, ship observations of wind directions made at 1200 CST and
later that were compared to pressure analyses of the storm made at these
times indicate that the wind in the portion of the storm over water was still
blowing across the isobars at a deflection angle of approximately 25°.

A comparison of peak gusts with sustained wind speeds

A comparison of peak gusts with sustained wind speeds was made in order
to evaluate unusually high speeds reported from four oil barge temders and to
find an empirical relationship between sustained over-water speeds and over-

. water peak gust speeds. Four oil barge tenders adrift southeast of Cameron
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during hurricane Audrey logged wind speeds up to 150 mph which were reported
to be peak gusts. A comparison of these reports was made with the average
wind speed and peak gusts recorded in the same area by the oil drill barge,
Vinegaroon, and with the wind speed profile from the right forward sector of
the composite wind speed pattern, (figure 4). The wind speed profile in the
right forward sector of the storm was selected for comparison because the
Vinegaroon record and the majority of the gusts reported by the tenders oc-
curred while the vessels were in that sector.

Observations--A chart showing the estimated courses and hourly posi-
tions of four Continental 0i{l Co. tenders, the Sharpe, Bates, Reading, and
Craig, and extracts from the logs of the vessels was prepared by the Conti-
nental 0il Co. The extracts from the logs covered a period of time from
0230 CST to 1830 CST June 27. It was reported that the wind speeds logged
by the tenders were peak gusts read from anemometer dial indicators. The -
tenders were equipped with Bendix-Friez selsyn type anemometers located 65 ft
above the water. The oil drill barge, Vinegaroon, owned by the Zapata Off- .
Shore Co. was equipped with a Bendix Aerovane recording anemometer. A copy \iJ
of the Vinegaroon wind speed record was obtained for the period from the
early morning of June 26 to 0600 CST June 27 when the record ended. The
barge was located at approximately 29°38'N latitude, 93°05'W longitude during
this period.  The average wind speed for 15-minute intervals and the peak
gusts for each interval were read from the Vinegaroon trace in the course of
this study from 2300 CST June 26 until the record ended at 0600 CST June 27.

Comparison of the data--The comparison of the over-water peak gusts
with 15-minute average over-water wind speeds recorded in the right sector
of the hurricane by the barge Vinegaroon and with the wind-speed profile from
the right forward section of the composite over-water wind speed pattern
(figure 4) is shown in figure 9. The wind speeds were plotted at the dis- N
tance of the observation from the hurricane center. At the same dist
from the storm center, the speeds reported by the tenders are compared@
the peak gust speeds recorded by the Vinegaroon. "For sustained winde o
- '50 mph or higher, ‘the peak gusts near the center of the storm averaged
50 percent more than the sustained winds. Speeds reported from the of]
tender are comparable to reported peak gusts on the Vinegaroon. . 16 4
'~£1rmed thee the tender 8 wind. speeds were peak gust speeds.,,' o

~"‘Hnrriéene parameters observed ot computed for hurricane Audrey by the -
~ methods described in Hydrometeorologieal Report No. .32;are listed below.

R,
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Hurricane Parameters
Asymptotic Pressure, Pn

Central Pressure, Po

(inches) (inches)
' Computed Observed
27 .95% 29.,70% 29 .75%%
Radius of Maximum Wind, R. Average Maximum Gradient Wind, Vgx##
(nau. miles) . (mph)
Computed Observed

19%* 16-197 95

4-Hour Average Forward Speed at the Coast, C°
(knots)

14

Lowest Observed Pressure Station Minimum Distance from Station
n Land, P, torm Track, ry

N (nau. miles)
28.30 U. S. Wildlife 12
Service,
Hackberry, La.

* Computed with the exponential formula .

** Observed on weather charts

# Estimated from miscellaneous wind observations

## The computed maximum gradient wind represents an average speed at the

" .radius of maximum wind. Because of the asymmetry of the pressure field of

this hurricane the highest observed winds adjusted to 30-ft over-water

winds are greater than the average maximum gradient wind. The average of

the wind speeds read at eight points around the center at the radius of
maximm winds (figure 2) is 82 mph. - This value is equivalent to the
_average maximum gradient wind speed, 95 mph, reduced to 30-ft over-water
speed using the factor of 86.5% taken from figure 26, Hydrometeorolog-

- "' 4ical Report No. 32.

Charles S. Gilman, Chief
o Hydrometeorological Section
Copies:
10 to OCE
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

WASHINGTON

Decaber 6, 1957 IN REFPLY FLEASE ADDRESS
CHIEF, U S WEATHER BUREAU

WASHINGTCN 25 D C
AND REFER TO

0-6.12

MEK)RANDUM O CORPS OF ENGINEERS

e

HUR 7-45A
FROM : Hydrometeorological Section

SUBJECT: Standard Project Hurricane Isovels for a High Speed of Trans-
' lation of the Hurricane Center, Gulf of Mexico Ares, Zone C

(Texas Coast)

References: (1) Telephone conversation, Messrs. Myers and Nunn, Nov. 1,
1957, regarding Standard Project Hurricane 4sovel patterns
for a high rate of translation for Zones B and ¢ (U.S.
Gulf Coast)
(2) HUR 7-45, Standard Project Hurricane Parameters and Iso-
vels, Gulf of Mexico Area, Zone C (Texas Coast)

This memorandum contains an 1sovel pattern for a Standard Project
Hurricane in Zone C with a high speed of translation as requested in ref-
erence (1).

Isovel chart

A synthetically derived isovel chart for a Standard Project Hurrl-
cane with a central pressure of 27.42 in. and a high speed of translation
has been developed for Zone C off the coast opposite Corpus Christl, Pex.
This was done by imposing & degree of asymmetry to isotachs of gradient
winds computed from pressure profile parameters and reduced to 30-ft., winds
by empirical factors. The asymmetry factor, added to speeds on the right
and subtracted from speeds on the left was (0.5T)cos a where T was the
representative high speed of translation of a Standard Project Hurricane
in Zone C, 28 knots as shown in Table 1 reference (2), and a the angle
betveen the direction of forward motion and the wind direction.

A pattern showing the strongest winds in the right rear quadrant
wvas selected as that most likely to occur by at lesst two authors, Isaac
Cline in his book "Propical Cyclones® states that "the wind velocities
are mich greater in the right half than in the left half of the cyclome
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ares, and the greatestsustained wind velocities occur as a rule in the

" right rear quadrant.” L. A. Hughes has summarized a large nmsber of
reconnaissance flights ("On the Low-Level Structure of Tropical Storms,”
Journal of Meteorology, Dec. 1952) producing the best and most definitive
composite low-level wind speed patterm yet available. The strongest winds
are in the right rear quadrant in that pattern. Many variations may occur

" in the standard isovel pattern. To represent the many patterms that it
would be reasonable to expect in Zone C, the isovels in the attached figure
my be rotated with limits of 100° counterclockwise and 50° in a clockwise
direction. The limits of rotation are indicated on the figure by dashed
arrows extemding outward from the wind center.

Variation of forward speed

The forward speed for a Standard Project Hwrricane is chosem within
or near the range of forward speeds shown in Table 1, reference (2). For-
wvard speeds within these spans can be assumed to be independemt of CPI
and R. The attached isovel pattern computed for a farward speed of 28
knote 1s applicable for 20 knots to 40 knote although 28 knots 1s the
fastest observed h-hour average speed in the Gulf.

"~ Other factors

Commente on variation in the radins of maximm wind, applicatiom to
other Zame B locations, wind direction, the critical path, and adjustment
far filling over land may be found in referemce (2) to which this memoran-
dum is supplememtary. -

Charles S§. Gilman, Chief
Hydrometeorological Section

Attachments:

12 coples to OCE with attachmenmts
1l to with attachments .

Wy
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

WASHINGTON

OCtObQI' 16, 195? IN REPLY, PLEASE ADDRESS

CHIEF, U. 5. WEATHER BUREAU
WASHINGTON 23. D. C.
ANC RLFER O

0-6.12

MEMORANDUM 70 CORPS OF ERGINEERS

HUR 7-4k

FROM : Hydromsteorological Sectiomn

SUBJECF: Standsrd Project Hurricane Isovel \Patterne » Norfolk area

Refsrencest (1) Notes on conference on Hurricane Investigatiom Under

P.L. 71, Downtomn Norfolk earea, Sept. 10 and 11, 1957

(2) HUR 2-1, Frequemey of Central Pressure Indices along
Atlantic Coast, June 18, 1957

(3) HUR 2-3, Hurricene Characteristics, Atlamtic Coastal
area, Jume 18, 1957

(4) EHUR 7«43, Standard Project Hurricene Criteria snd Isovel
Patterns, East Cosat U.S. Zone 3, in preparation

This memorandum shows isovel patterms for a Standard Project Hurri-
cane (8PH) along & track critical for the Norfolk area.

Track

The track, which is showm in figure 1, was proposed in conference
(reference 1) and is critical for the Forfolk area. In all observed cegses
of wind-caused high water near Eorfolk, the wind directlion ranged gemeraliy
from the northeast quarter. For an wusually high suvge at Horfolk, the
Hydrometeorological Section has been advieed that sirong winds mmst have
a ocomponent down the Chesapeaks Bay as well as into the mouth of the Bey from
the Ocean. Moving the storm along the track shown in figure 1 meets these
requirements.

Wind Speed

Derivation of isovel pattern

The basic synthetically derived isovel pattexrm for romne 3 is described
in reference 4. In order to show the strongest winds from the critical
direction, this basic isovel pattern (figure 3 of HUR 7-43)was turned 90° .
counterclockwise.
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An isovel pattern showing the strongest winds in the right rear
quadrant, as in reference 4, is believed to be the condition that most
frequently occurs. That pattern is also an approximate mean of many
possible variations. Figures 2 through 9 of this memorandum show one
of the possible variations in individual tropical gtorms that 1s moet
critical for Norfolk. Further Justification for placing the strongest
winds to the northeast in the Norfolk SPH 1s that the maximm extent
of stroeng winds is usually in the direction of the major anticycleme
in the area. Such a track as shown in figure 1 would likely be as~-
soclated with an anticyclone extemding northeast of Norfolk, Va.

Parameters
The isovel charts were developed with the following characteristiocs.

Table 1
30=ft. over-water
Figure No. P, Radius to Reglon Forward Speed Max, Wind
of Max, Winds (mph) (mph) *
(Nau., Mi.)

2 27.55 3k 23 104
3 27.55 34 23 104
B 27.55 34 23 104
5 27.55 3h 23 104
6 27.55 34 23 104
7 28.07 34 23 97
8 28.27 3k 23 92
9 28,4k 34 23 88

*Bamad on formmla, Vmax = 0.865 Vgx + T/2
where Vgx = maximm gradient wind

ppeed and T = forward speed of storm
centexr in mph

Variation of forward speed

The wind speed patternsof figures 2- are empirical approximatioms
and a high degree of refinememt for forward speed is not warranted. The
wind pattern was compited for a forward speed of 23 mph and can be used
for forward speeds renging from 12 to 50 mph.
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Wind Directiaon

Wind directions at 30' are shown on the isovel charts Dby arrows.
Because of the curting field, the direction is correct only at the arrow
point. Wind directioms mey also be approximated from table 2e

Table 2

Wind Direction

Radius ' Deflection angle®

R to cemter 20°

R to 1.2 R : Pransitien 20° to 25°
1.2 R and bayomd 25°

*mmmnmmtitmmdatmgmttoacmhnthoa:tcnt
thommr.

= ,;;/é‘,m
, Charles S. Gilmen, C

! Hydrometeorological 8 on
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UNITED STATES DEPARTMENT OF COMNLERCE
WEATHER BUREAU

WASHINGTON

IN PEPLY PLEASE ADDRESS

October 21, 1957 CHIEF., U. S. WEATHER BUREAU

WASHINGTON 2%, D C.
AND REFER TO

0-6.12

MEMORANDUM TO THE CORPS OF ENGINEERS
HUR 7-45

FROM ; Hydrometeorological Section

SUBJECT: Standard Project Hurricane Parameters and Isovels, Gulf of Mexico
Area, Zone C (Texas Coast)

References: (1) OCE letter May 23, 1957, Hurricane Studies (P.L. 71)
Galveston District
(2) HUR 2-4, Hurricane Frequency and Correlations of Hur-
ricane Characteristics for the Gulf of Mexico Area
P.L. 71, August 30, 1957

This memorandum lists parameters and contains & wind speed pattern
for a severe hurricane in Zone C (figure 1) on the Gulf Coastof the
United States as requested in reference (1). The purpose of this memo-
randum is analogous to MEMORANDUM HUR 7-33 for Zone 4 on the East Coast
and MEMORANDUM HUR 7-42 for Zone B.

Hurricane parameters

Hurricane parameters and characteristics used in this memorandum
are explained in detail in HUR 2-4. Characteristics of an extreme hur-
ricane in various parts of Zone C are listed in Table 1 and are consistent
meteorologically from point to point along the coast. The central pressure
index (CP1) selected as representative of a Standard Project Hurricane
and pertaining to each location along the coast were taken from figure 5
of reference 2 along the CPl curve indicating an average return period
of one hundred years. These are consistent with the representative
Standard Project Hurricanes for the East Coast, Lake Okeechobee, and Zone B
(figure 1).

I1sovel chart

A synthetically derived isovel chart has been developed for Zone C
off the coast opposite Corpus Christi, Texas, which is near the center
of the zone, This was accomplished by computing gradient winds from the
pressure parsmeters, reducing them to 30-foot winds by empirical factors,
and then imposing a small degree of asymmetry on the isovels. The asymmetry
factor, added to speeds on the right and subtracted from speeds on the left,
was (0.5T) cos a, where T was the forward motion of the storm in mph, and
8 the angle between direction of forward motion and wind direction. The
curves of the highest value of the wind speed from these various steps are
shown in figure 2. The resulting pattern for a CPI of 27.42 inches and a

\._._5(1—4_‘-\ E_‘_,.;:,‘_, :!':1‘: ?vnn
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Teble 1

PARAMETERS OF SYNTHETIC HURRICANES IN ZONE C

Location
Zone Mile - Lat. at Near City or CF1 Radius of FPorward Speed Representative*
(From fig.5 Coast other landmark (inches) Max. Winds (Knots) Hax.%ind Speed
HUR 2-4)  (Deg.N) (Nau.miles) *:@h)

RS RM RL ST M HT  Vgx Vx

c 420 30 Port Arthur, Tex. 27.54 7 14 27 4 11 28 109 100

360 29 Galveston, Tex. 27.52 7 38 . 4 11 28 109 101

300 29 Bay City, Tex. 27.49 & 13 25 4 Mo 28 110 101

240 28 San Antonfo Bay, Tex. 27.45 6 13 24 4 110,28 @il 102

180 27 Sarita, Tex. 27.38 6 12 23 4 11 28 112 103

120 26 Brownsville, Tex. 27.28 6 11 20 4 11 28 115 105

* For R = 24 nau. miles

CP1
RS
RM
RL
ST
MI

HT

**?gx Maximum theoretical grad
Estimated 30 ft speed in region of highest

Vx

parameters

Central pressure

Representative
Representative
Representative
Representative
Representative
Representative

smal

and forward speed of 10 knots (12 mph) .

index
1 radius to region of maximum winds

mean radius to region of maximum winds

large radius to region of maximum wiknds

gslow speed of translatiom pf hurricane center
moderate speed of translation af) hurricane center
high speed of tramslation nf hurr
ifent wind computed for

forward speed in mph (T = 12 mph)

icane center
each CPL by use of fig.
speeds, computed from Vy = 0.

Varies slightly with changes in these

13, HUR 2-4, with Py
865 va + 0.5T where

= 29.92 in.
T is




forward speed of 10 knots is shown in figure 3.
Variation of R

The distance scale in figure 3 is in terms of radius of maximum winds (R).
Any R listed in table 1 may be substituted as the distance scale.

Variation of CPI

The isovel pattern, figure 3, was constructed for a CP1 value in
the middle of Zone C. There is an intrazonal variation in wind speed in
Zone C because of the variation of CPI. The isovels in figure 3 can be
adjusted to other CPI's by multiplying them by the factors listed in table 2.

Table 2
RATIOS FOR ADJUSTMENT OF ISOVELS TO VARIOUS CPI'S

CPI (inches) Ratios ¥
2755 0.97
27.50 0.98
27 .45 0.99
27 .40 1.00
27.35 1.01
27 .30 1.02
- 27.25 1.03

Fa'!w: for (TJ Forward speed gf [o ﬂ'n.]{g’ =5 [ ]
Variation of forward speéd 7

The forward speed for a project hurricane is chosen within or near
the range of forward speeds shown in table 1. Forward speeds within this
span can be assumed to be independent of CP1 and R. Fast-moving hurri-
canes are believed to have a greater asymmetry of their wind-speed fields
than slow-moving storms. The highest speeds are most generally found
somewhere in the right half of the storm. These two conditions have been
conformed to in developing the pattern of figure 3 by adding the forward
speed factor described under 'isovel chart." This is an empirical ap-
proximation and a high degree of refinement of adjusting wind patterns
to forward speed is not required; figure 3 computed for a forward speed
of 10 knots or approximately the average forward speed of Zone C can be
applied to storms with 1/2 to twice this forward speed.

An investigation of forward speed in relation to latitude in the
Gulf Coast area showed no significant relationship in contrast to the
latitudinal variation found along the Atlantic Coast.

Wind direction
The wind direction for use in conjunction with the wind speed pattern

of figure 3 may be approximated from table 3. These directions are shown
by arrows on the chart. .




Table 3
WIND DIRECTION
Radius ) *Deflection Angle
Radius R to center . 20" .
R to 1.2R Transition 2Q to 25°
1.2R and beyond 25°

*Angle between true wind direction and a tangent to a circle with center
at the storm center.

Critical path

The path for a project hurricane is selected on the basis of the
configuration of the coast or inlet concerned within the span of directions
that are shown to be common on the azimuth chart of past hurricane paths
in the zone, figure 4 (from HUR 2-4). Most hurricanes pass through Zone C
from the east and southeast and a smaller number from the south. Hurri-
caneg have moved through the zone from bearings of 30° to 210°. There is
no evidence of a ¢orrelation between hurricane intensity and path.

Comparison of synthetic isovels with past storms

Four of the most severe storms of record to pass through Zone C
were the hurricanes of September 8, 1900, August 13, 1932, August 18,
1916 and September 5, 1933. The hurricane parameters of these storms are
listed in table 4 and may be compared with the parameters of synthetic
hurricanes in table 1.

Table 4
PARAMETERS OF SEVERE HURRICANES PASSING THROUGH ZONE C

Date - CPI R " Forward Speed Max. 30-ft Wind
" (inches) (nau.mi.) (knots) * (mph)
Sept. 8, 1900 27.64 14 10 88 (estimate HUR 7-36)
Aug. 13, 1932 27.83 12 15 93%
Aug. 18, 1916 28.00 35 11 100*
Sept. 5, 1933 28.02 20 8 91%

*Estimated from computed gradient winds listed in table 3-1, National
Hurricane Research Project Report No. 5. Maximum 30-ft wind = 0.865 st
where Vgx is the maximum gradient wind.

Adjustment fo 1111 overland

The critical path may pass partly overland. The normal weakening of
a hurricane over land can be approximated by reducing the open sea wind
speed values by the following factors, taken from Table 4, HUR 7-43, which
are based on the time elapsed since the storm center crossed the coast.



FACTORS FOR REDUCING HURRICANES FOR FILLING OVER LAND
Time

el

4+ P+ 4+
BN WVMP LN

hour

L4

coast)

Table 5

Adjustuent ratjo for wind speed

1.00
0.93
0.88
0.85
0.82
0.80
0.78
0.76
0.74

- Rl e

The factors in Table 5 will yield speeds for portions of the

storm that are still over water.

to ebtain the speeds over land.

8 copies to OCE
1 copy to BEB

a2

Charles S. Gilmen, Chief
Rydrometeerological Section

Furtber reductions would be required
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FIGURE 3
STANDARD PROJECT HURRICANE
30-FT. OVER-WATER WIND SPEED fOR
’ . LARGE RADIUS (RL) AND MEDIUM RADIUS (RM)
Oirection of HURRICANES. ZONE C OFF CORPUS CHRIST), TEX.
Forward Motion FOWARD SPEED 10 KNOTS
{HUR. 7-45)

WMPH

Distonce Scole is in Terms of
Rodius to Region ot Moximwum Winds (R)

(See Text)

x Wind Center
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

WAEHINGTON

OctOber 21; 1957 N BEPLY | EASE aDDRESS

CHIEF, U & WEATHER BUREAU
WASHINGTON 25 O C

AND RETER TO

0-6.12

MEMORANDUM TO CORPS OF ENGINEERS
EUR 7-43
FROM : Hydrometeorological Section

SURJECT: Stendard Project Hurricane Criteria eand Isovel Patterms, East
Coast U. S., Zone 3

References: 1. OCE letter of June 6, 1957, "Standard Project Hurricane
Isovels for Zome 3 Atlantic Coast™ and telephone com=~
munications

2. HUR 2-1, Frequency of Central Pressure Indices Along
Atlantic Coast, June 18, 1937

3, HUR 2-3, Hurricene Characteristics, Atlantic Coastal
Ares, June 13, 1957

4. HUR 7-33, Hurricane Criteria for East Coast of United
Stetes Comparable to Lake Okeechobee Standard Project
Hurricane and Isovel Patterns, June 20, 1957

5. Partial Definite Project Report, Central and Southern
Florida Project, Part IV, Supplement 2, Section 2,
Design Memorandum, Hurrlcane Winds Over Iake Okeechobee,
Jaclsonville District Engineer, Dec. 31, 1955

This memorandum liste parameters of a severe hurricane for zone 3
(figure 1), and conteins wind speed patterns for moderate and high speed
rate of translation.

Hurricane parameters

Characteristics of extreme hurrlcanes coneistent on meteorological
grounds from point to point along the Atlantic Coast were explained and
specified in reference L. These characteristics pertinent to zome 3 are
1listed in table 1.

}:J’I,t__,(';»ll ’
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Table 1

STANDARD PROJECT EURRICANE CHARACTERISTICS, ZONE 5, EAST COAST U, S.

Radius Representative Max.
Iocation Iatitude CPI of Max, Winds Forward Speed Wind Speed
(Zone) (deg. N.) (Inches) (nmaut.miles) (kts) (mphg
B BRM RL ST MW E Vg v,

T=1Tkts P=35kte

3 33 271.65 7T 18 0 % 13 30 104 100 110
3k 27.60 T Xl 3t .5 15 3% 105 101 111
35 27.56 7 17 35 5 17 38 107 103 112
35.5 2755 T 17 3% 5 18 L 107 105 112
36 2155 T 17 34 6 20 k2 107 103 112
37 21351 71 T 35 7 2 45 106 102 ne
CPI Central pressure index, estimated minimm pressure
B Representative small radius to region of maximum windse
RM Representative mean radius to region of maximm winds
RL Representative large radius to region of meximm winds
ST Representative slow speed of translation of hurricane cemter
M Representative moderate speed of tramslation of hurricane center
BT Representative high speed of tramslatiom of hurricane cemter ~
T Speed of tramslation of hurricane cemter
vgx Maximumm theoretical gradlent wind computed for each CPI by use of
figure 7, HUR 2-3, with P, = 29.92 inches
V, Estimeted meximm 30 ft wind epeed. Computed from Vy = 0.865 Vg + 05T,

(T in mph)

Isovel charts

Synthetically derived isovel cherts have been developed for the middle

of zone 3 at 35.5°N. This was accomplished by computing gradiemt winds

from the pressure parameters, reducing to 30 fi. winds by empirical factors,
and finally impoeing a moderete degree of asymmetry om the lsovels. The
asymmetry factor, added to speeds on the right and subtracted on the left,
wae (0.5T) coe a, where a was the angle between direction of forward motion
and wind direction, and T the forward speed in mph. The curves of highest
value of the wind speed from these various steps are shown in figure 2. The
resulting patterns for a CPI of 27.55 inches and forward speeds respectively
of 17 knots (20 mph) and 35 kmote (40 mph) are shown in figures 3 and 4.
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A pattern showing the gtrongest winds in the right rear quadrant was
selected as that most likely to occur, according to at least two authors.
Isasc Cline in his book "Fropical Cyclones® states that, "the wind ve-
locities are much greater in the right half than in the left half of the
cyclone area, and the greatest sustained wind velocities occur as & rule
in the right rear quadreant.” L. A. Hughes has summarized a large number
of reconnaissance flights ("On the Iow-Level Structure of Tropical Storme Pl
Journal of Meteorology, December 1952) producing the best and mose defini=-
tive composite low-level wind speed pattern yet available., The strongest

occur in the standard isovel pattern of figures 3 and k. To represent the
many patterms that would be reasonable to expect in zome 3, figures > end
4 mey be rotated with limite of 100° counterclockwise end 50° in a clock=-
wise direction.

Variation of R

The distance scales of figures 3 and 4 are in terms of radius of maximm
vinds (R). Any R listed in the RM or RL columms of table 1 may be substituted
as the distance scale.

VYariation of CPI

The isovel patterns of figures 3 and 4 are constructed for a CPI of
27.55 inches. They can be adjusted to other CPI's by multiplying all
speeds by factors in table 2.

Table 2

RATIOS FOR ADJTSTMENT OF ISOVEIS TO VARIOUS CPI's

CPI inches Ratio
27.50 1.01
27 055 1.0’0
27.60 0.99
27.65 0.98

Variation of forward speed

The forwerd speed for a project hurricane is chosen within or near
the range of forward speeds shown in table 1. Forward speed within these
spans can be assumed to be independemt of CPI and R. Fast-moving hurri-
canes are believed to have a greater asymmetry of thelr wind-speed fields
than slow moving storms. The highest speeds are most gemerally found
somewhere in the right half of the storm. These two conditions have been
conformed to in developing the patterns of figures 3 and 4 by adding the
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4
forward speed factor described above. This 1s an empirical approximetion
and a high degree of refinement of adjusting wind patterns to forward
speed 1s not required; figures 3 and 4 camputed respectively for forward
speeds of 17 knots (20 mph) and 35 knots (%0 mph) can be applied directly
to all forward speeds in their respective MP and HT columms of table 1.

Wind direction

The wind direction at 30' for use in conjunction with the speeds of
figures 3 and L4 may be approximated from table 5. These directions are
shown by arrowe on the charts.

Table 3

WIND DIRECTION

Radius Deflection angle®
Radius R to center 20°
R to 1.2 R Transition 20° to 25°
1.2 R and beyond 25°

*Angle between true wind direction and & tangent to a circle with center
at the storm center.

Critical path

The path for a proJect hurricane 1s selected on the basis of the con=-
figuretion of the coast or inlet concerned, within the span of directions
that are shown to be common on the azimuth chart of past hurricane paths
in the zone, figure 5 (reproduced from figure 10, HUR 2-3).

Severe hurricanes have been observed to move from bearings of 90°
through 210° within the zone, Weaker tropicsl storms have traveled over
a greater range of bearings. Any MP' or HT forward speed in table 1 may be
combined with any path bearing between 120° and 210°. Combination of HT
forwerd speeds with more easterly bearings wounld require further study.

Adjustment for filling over land

The critical path may pass partly over land. This would hold for
Chesapeake Bay, and other places. The normal weakening of & hurricane
over land may be approximated by reducing the open-sea wind speed values
by the following factors; based on the time elapsed since the storm center
crossed the coast:
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Table &
FACTORS FOR REDUCING HURRICANES FOR FILLING OVER mm
Time (hours) Ad justment ratio for wind
speeds
? (at coast) 1,00
T plua 1 093
T plus 2 .88
T plus 3 85
T plus 4 .82
T plus 5 .80
T plus 6 .78
T plus 7 .76

The above will yleld over-water speeds in portioms of the storm that are
st1lll over weter. Further reductions would be required to obtain the
speeds over land.

Adjustment of wind speeds near shore

If speeds over the water near the shore line are critical, the re-
duction of speeds at the 30-ft level by friction may be approximated se
follows: reduce on-shore winds et the shore to 0.89 of the over-water
velue; accomplish this reduction over a transition zome of two er three
miles, For off-shore winds, at the shore reduce to 0.70 of the over-water
value, with a "speed-up” to over-water value in about ten miles,

Comparison of synthetic isovels with past storms

The most severe storm of record to pass close to the coast at Cape
Hatterss was the hurricane of September 1%, 194k, Hurricane Hazel of 195k
was the most severe hurricane to strilee the Carolina coast in the southern
part of the zone. Parameters for these two are listed in table 5 and may
be compared with the parameters of symthetic hurricanes in table 1.

The hurricane of September 1938 and Bdna of 1954 passed sufficiently
far off shore at the latitude of zone 3 that parameters are not well estab-
lished. The hurricane of 1938 may have beem of equal severity with the
1944 hurricane and Edra was also a severe storm at that latitude.
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Table 5

PARAMETERS OF SEVERE HURRICANES PASSING THROUGH ZONE 3

Date Iatitude CPI R Forwerd Speed Max. 30' Wind
(deg, ¥)  (Tnches) (nant,mi,) (Mj

Sept. 1k, 194k 55 27.88 bg 23 107%

Oct. 15, 1954 3k 27 .66 1 26 QO

#egtimated from presswures distributiom.

/ s

/2, Charles 8. Gilman, Chief
Hydrometeorologlcal Section

cct

e
g8
B&
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FIGURE 3
STANDARD PROJECT HURRICANE

30-FT. OVER-WATER WIND SPEED FOR
! LARGE RADIUS (RL.) AND MEDIUM RADIUS {RM.)
//M—-\ HURRICANES. ZONE 3 AT 35.5° N. LAT,
FORWARD SPEED 17 KTS. (20 MPH)
(HUR. 7-43)

7 I'£ d/
Z/’D”/rccz‘ﬂ” o/

i Direction of

\"N-\ Forward Motion /—*
rd

Distance Scole in Terms of

Radius to Regian of Maximum
Winds (R) (See Text)

x Wind Center




Figure 4

STANDARD PROJECT HURRICANE
i 30-FT. OVER-WATER WIND SPEED FOR

\ LARGE RADIUS (RL.)AND MEDIUM RADIUS (RM)
Direction of HURRICANES. ZONE 3 AT 35.5°N. LAT.

‘ Forward Mofion FORWARD SPEED 35 KT. (40 MPH.)
| (HUR, 7-43)

Distonce Scale in Terms of
Radius to Region of
Moximum Winds (R) (See Text)
x Wind Center
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

CevENEM1, 1057

IN REPLY, PLEASE ADDRESS
CHIEF, U.s. WEATHER BUREAU

Wlsfm‘ﬁ;b. <.

70 : Mr. A, L, Cocluam, Civil Works
Office of Chief of Engineers

Corps of Englneers
FROM Hydrometeorological Section
SUBJECT: MEMORANDUM HUR T=k2

MEMORANDUM HUR 7-42, "Standard Pro ect Hurricane Parame
Isovels, Mid-Gulf Coast U, 5. Zone B, ill Standard Project ;L::ifnd
ceme lake Pontchartrein, Ia.” 1is herewith transmitted. This wan
asslgned in peragraph 11b(4) and 1IB(5) of notes on conference
IE;J:I?: 1_1?11];“ Orleams, Ia., Jume 15-1k, 1957, on hurricsne etudies

it will be noted in Table 3, Paremeters of Severe Storms Pass
through Zons B, that the maximm 30-£t, ﬂnﬂlpudfarthaﬁoptﬁa
l915hurr1mnamuatodaa99lphvh1hthc-uumlnedsnhpod ’
for this storm in MEMORANDUM HUR 7-39 was 105 mph. The lover value used
iIn Table 3 wae arrived at by using cne-half the epeed ot translation
in the asymmetry faotorofthestomimtudafthatctalspeedof
translation that was nsed in HIR 7-39, This wind speed value is come
parable with the 30-ft. wind Speed values in Table 1 which were srrived
at by the eame method but would make no apprecladble diffevence in the
surges computed for Iake Pomtchartrain,

Cherles S, Gilman, Chief
Hydrometeorclogical Section

Attachments
12 coples to OCE with attachments
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

WASHINGTON

Octo'ber 1-1, 1957 ih REPLY PLEASE ADDRESS

CHIEF. U.S. WEATHER BUREAU
WASHINGTON 25 D C

ANDE AETFEA TO

0-6.12

MEMORANDUM HUR 7-42 TO CORPS OF ENGINEERS

FROM : Hydrometeorological Section

SURJECT: BStandard Project Hurricane Parameters and Isovels, Mid-Gulf
Coast U. S., Zone B, and Standard Project Hurrlcene, lake

Pontchartrain

References: (1) Notes on conference held in New Orleans, Ia., June 13-1k,
1957, re hurricane studles (P.L. 71) paregrephs 11b(4)
and 11b(5).

(2) MEMORANDUM HUR 2-k, Hurricane Frequency and Correlation
of Burricane Characteristics for the Gulf of Mexico Area,
P.L. T1.

(3) MEMORANDUM HUR 7-40, Loulsiana Hurricene of September 29,
1915, transposed to a Critical Track.

(4) Notes on conference between Representatives of OCE and
18WB, Januery 4, 1957 re hurricane studies under P.L. T

This memorendum liste parameters and contains & wind speed pattern
for & severe hurricane in Zone B (figure 1) on the Gulf Coast of the
U. S. and a deecription of the Standard Project Hurricane for Iake Pont~-
chartrain as requested in reference (1). The purposes of this memorandum,
prepared by the HEydrometeorological Section in close consultation with
the OCE, are analogous to Memorandum HUR 7-33 for Zome 4 on the East
Coast and HUR T-43> for Zone 3.

STANDARD PROJECT HURRICANE FOR ZONE B

Hurricane parametors

Hurricane perameters and characteristics used in this memorandum are
explained in detail in HUR 2-4, Characteristics of an extreme hurricane
in various parte of Zone B are listed in Teble 1l end are consistemt on
meteorologicel grounds from point to point along the coast. The central
pressure index (CPI) selected &s represemtative of a Standard Project
Hurricane and pertaining to eash location along the coast was taken from
figure 5 of reference 2 along the CPI curve Indicating an average return




Table 1

PARAMETERS OF SEVERE SYNTHETIC HURRICANES IN ZONE B

Iocation
Zone Mlle Near City CPI Radius of Forward S Representative®
(From B1g.5  or other (inches) Maximum Winds ? Max. Wind Speed (mph)
HUR 2-4) landmeric (nau.miles) , s
B RM RL ST MI BT Vex Vg
B 900 Apalachicola, Fla, 27.55 7 I 27 L 11 28 108 102
840 Grayton Beach,Fla, 27.58 7 14 28 4 1 28 108 101
780 Pensacola, Fila, 27.59 7 14 29 b 1 28 108 101
720 Mobille, Ala. 27.60 7 14 30 4 n 28 107 101
660 New Orleans, Ia. 27.60 7T 1% 30 b 1 28 107 101
600 Lake Barre, la. 27.59 7 14 29 b 11 28 108 101
540 Merch Island, la. 27.58 7 1% 29 L 11 28 108 101
430 Grand Chenier, la. 27.56 i { 14 28 b 11 28 108 lo02

#For R = 30 nau, mi. and forward speed of 10 knots (12 mph). Varies slightly with changes in these parameters

CPI Central pressure index
Representative small radius to reglon of maximm winds
Representative mean radius to reglom of maximm winds
Representative large radius to regiom of maximm winds
Representative slow speed of translation of muorricane cemter
Representative moderate speed of trenmslation of hurricane cemter
Representative high speed of translation of hurricane center
Maximm theoretical gradiemt wind computed for each CPI by use of fig. 13, HIR 2-k,
ﬂth Pn B 29 92. m-
Estimeted 30-ft speed in region of highest speeds. Gmbedfrm? = 0.885 V ox + 0.5%,
where T is forward speed in mph.
For discussion of the empirical reduction factor of 0.885 see p. 3, HUR 7-39, "Revised
wind fields vicinity of lake Pontchartrain, Hurricane of September 29, 1915," Aug. 16, 1957.

ELEEE L

Vex

H-ﬂ
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period of one hundred years. These are cansistemt with the represemtative
Standard Project Hurricanes for the East Coast and ILake Okeechobee.

For the small radius (RS), medium radius (RM), and large radius (RL)
correspanding to the CPI, figure 8 of HUR 2-4 was used as a gulde, while
the characteristic slow (ST) moderate (MF), and high forward speeds (HT)
are from figure 11. -

Isovel chart

A synthetically derived isovel chart has been developed for Zone B off
the coast south of New Orleens, Ia. neaxr the cemter of the zome. This was
accomplished by computing gradiemt winds from the pressure parameters, re-
dncing them to 30-ft. winds by empirical factors and imposing a degree of
asymuetry on the isovels, The asymmetry factor, added to speeds on the
right and subtracted on the left, was (0.9T)cos a, where ¥ was the forward
motion of the storm and a the angle between direction of forward motion
end wind direction. The curves of highest value of the wind speed from
these various steps are shown in figure 2. The resulting pattern for a
CPI of 27.60 inches and a forward speed of 10 knotes 1s shown in figure 3.

Variation R

The distance scale of figure 3 1s in texrme of R. Any R listed in table
1 may be substituted as the dlstance scale.

Application te other Zome B locations

The maximmm CPI variation in table 1 for Zone B 1s only 0.05 inches.
The wind speed difference due to varying the CPI over this range is about
1%. Therefore the wind speed pattern shown in figure 3 can be employed
anywhere in Zome B.

Variation of forward speed

The forward speed for a project hurricane is chosem within or near
the range of forward speeds shown in table 1. Forward speed within these
spans can be assumed to be indepemdent of CPI and R. Fast moving hwrri-
canes are generally belleved to have a greater asymmetry of their wind
speed flelds than slow-moving storms. The highest speeds are gemerally
faund somewhere in the right half of the storm. These two comditions have
been conformed to in developing the pattern of flgure 3 hy adding the for=-
ward speed factor descoribed under "isovel chert."” Thie is an empirical
approximation and a high degree of refinement of adjusting wind patterms to
forward speed is not required; figure 3, computed for a farward speed of
10 kmots or approximately the average forward speed of the zome, is appli-
cable for 1/2 to twice this forward speed.
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An investlgation of forward speed in relation to latitude in the
Gulf Coast area showed no significant relatiomship in contrast to the
latitudinal variation' found along the Atlantic Coast.

Wind direction

The wind direction for use in conjunction with the isovel pattern
of figure 3 may be approximeted from table 2 factors., These directions
are shown by arrows on the chart.

Table 2

WIND DIRECTION

Radius Deflection Angle*
Radius R to center 20"
R to 1.2 R Pransition 20° to 25°
1.2 R end beyond 25°

*Angle between true wind directiom and a tengent to a circle with center
of the storm at the center.

Critical path

The path for a project hurricane is selected on the basis of the
configuration of the coast or inlet concermed, within the span of di-
rections that are shown to be common on the azimrth chart of past hur-
ricane paths in the zane, figure 4. Most hwrricanes pass through Zone B
from the south and southeast, a2 smaller number from the southwest. There
is no evidence of a correlation between hurricame intensity and path,

Comparison of synthetic isovels with pest storms

Four of the most severe storms of recard to pass through Zone B
were the hurricanes of October 1, 1893; September 29, 1915; September 19,
1947 ; and September 8, 1900. The hurricane parameters for these storms
are listed in Table 3 and may be compared with the parameters of syn-
thetic hurricanes in Table 1. The hurricane of September 8, 1900 passed
sufficiently far offshore that its paremeters were not determined in the
zone. The parameters listed for this last hurricane are near Galveston.
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Table 3
PARAMETERS OF SEVERE STORMS PASSING THROUGH ZONE B
Date CPI R Forward speed Maximm wind at 30 ft.
(inches) (nau.mi.) (¥mots) (mph)

Oct., 1, 1893 28,22 17 7 81 (estimate-HUR 7-17)
Sept. 8, 1900 27.6k4 14 10 88 }estimte-ﬂ‘{m 7-36)
Sept. 29, 1915 27.70 26 10 99 (estimate from

Vx = 885 Vgx + 0.57)

Sept. 19, 1947 28.53 28 17 89 (estimate-HUR 7=37)
Sept. 29, 1915 27.70 26 =12 99 (HUR T7-40)

transposed to p

critical track

(HUR 7-40)

Adjustment for filling overland

The critical path may pass partly overland. The normal weakening
of a hurricane over land can be approximated by reducing the open sea
wind speed values by the following factors, taken fffom Table 4, HUR 7-43
which are based om the time elasped since the storm center crossed the
coast.

Table 4

FACTORS FOR REDUCING HURRICANES FOR FILLING
OVER LAND

Time (hours) Adjustment ratio for wind speed

T (at coast) 1.00

T+ 1 0,93

T+ 2 0.88

T+ 3 0.85

T+ bk 0.82

T+ 5 0.80

T+ 6 0.78

T+ 7 0.76

T+ 8 0.7%

Storms moving inland over flooded areas or over marshy land and lakes
will 111 at a lesser rate, comparable to the rate of filling that
occurred in the September 29, 1915 hurricane. The factors to reduce
the open-sea wind speed values in these cases are given in Table 5,
teken from Table 1, HUR 7-40,
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Table 5 :
FACTORS FOR REDUCING HURRICANES FOR FILLING
OVER FIOODED OR MARSHY IAND AREAS

Time (hours) Adjustment ratio for wind speed
? (at coast) 1,00
T+ 1 0.99
T+ 2 0.99
T+ 3 0.98
T+ k4 0,97

The factors in Tables 4 and 5 will yleld speeds for portioms of the
storm that are still over water., Further reductions would be required

to obtain the speeds over land,
STANDARD PROJECT HURRICANE FOR IAKE PONTCHARTRAIN, IA.

The isovel pattern of the Standard Project Hurricane for Zone B,
figure 3, is nearly idemtical with the isovel pattern for the Sep=
tember 29, 1915 hurricand transposed to a eritical track for lake
Pontchartrain (HUR 7-40) except that the values of the isovels in fig-
ure 3 are 2 percent higher than those in the 1915 hurricane transposed.
The Standard Project Hurricene pattern applicable to lake Pontchartrain
with a forward speed and track as shown in HUR 7-40 can be obtained by
increasing the isovel values of the 1915 hurricane transposed by 2
percent.

To adjust these isovels to a high forward speed, in excess of
20 kmots, add the following factor to speeds on the right and sub-
tract for speeds on the left: (0.5T - 6) cos a, where T 1is the
forward speed in m.p.h. and a is defined on page 2.

Charles S. Gilman, Chief
Hydrometeorological Sectlion

attachments
12 to OCE with attachments
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FIGURE 3
Direction 30-FT. OVER-WATER WIND SPEED FOR
) of forward LARGE RADIUS {LR)AND MEDIUM RADIUS (MR)

Motion HURRICANES, ZONE B, SOUTH OF NEW ORLEANS, L.A.

FORWARD SPEED 10 KNOTS.
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON 25

September 6, 1957

| REPLY, PLEASE ADDRESS
CHIEF OF BUREAU
AND REFER TO

0-6.12

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

PROM : Hydrometeorological Section

SUBJECT: MEMORANDUM HUR 7-40, Louisiana hurricane of September 29, 1915,
transposed to & eritical track

Reference: Notes dated 17 Jume 1957 on conference held in Wew Orleans,
La., 13-14 June 1957 on hurricane studies (P.L. 71)

In compliance with paragraph 11 b (b) of the above referenced
notes, herewith are charts (with explanstory notes) depicting hypothet-
jcsl wind fields at selected times for the hurricane of September 29,
1915, transposed to & eritical track.

Charles §. Gilmsn, Chief
Hydrometeorological Section

Actachments
ce: 2 to OCE with attachments
1 to with attachments

L to New Orleans WBO with attachments




UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON 25

September 6, 1957

IN REPLY, PLEASE ADDRESS
CHIEF OF BUREAU
AND REFER TO

0-6.12

MEMORANDIM BUR 7-40
FROM . Hydrometeorological Section

SUBJECT : Louisiasms Hurricane of September 29, 1915, transposed to
8 critical track

References: HUR 7-39, August 16, 1957
Notes dated 17 June 1957 on conferemce held in New Orleans,
La. 13-14 June 1957, on hurricane studies (P.L. 71)

Hovemgnt along critiecsl track

The hurricane of September 29, 1915, has beem transposed to the
critical path shown in figure 1, as adopted st the referenced conference.
This track was guite similar to the one worked up by the New Orleamns
Weather Bureau Office at the request of the Hydrometeorological Section.
mnpotkotualapdoith-mtcrdmmm“s reduced to &
mtnﬁﬁngam-huxwm.:thpm of recurvature. BSuch a
spead was about the slowest observed at recurvature in an examination

table 1). The speed of the storm was decelerated while spproaching the
point of recurvsture by a factor of .95 per hour and accelerated after
recurvature by a factor of 1.1 per hour. The applicatiom of these
factors gave a movemant of approximately 150 nautical uiles during the
24-hour period enccmpassing recurvature, which wvas appromimately equal
to the respective minimum movement measured along 29 storm tracks in
the vicinity, as shown in Tracks of Tropical Storms, 1887-1956

(RUR 1-1).

The variation of ceantral pressure with time along the critical
track was chosen midway between the sverage varistion found im 3 Florida
storms and the mean observed in several storms moving over land but teo-
ward water. This choice was influenced by the fact that the critical
track of figure 1 is roughly parallel to the coastline. The resultant
variation in !‘o for the transposed storm is shown in figure 2. The

g ¥
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2.

pressure profile of figure Zb, HUR 7-39, is applicable to the transposed
storm at the time of landfall of the center.

The sverage over-water wind-speed profile evolved in HUR 7-39 for
the storm as it occurred was applicable to the transposed case at land-
fall, without slteration. Adjustment factors for the speed profiles at
other selected times prior to and succeeding landfall were calculated
according to the procedures used in HUR 7-39. The new adjustment factors
are listed in table 1.

A constant speed of 6 knots for the storm center (rather than the
exact speeds from figure 1) was used in calculsting the comtribution of
storm movement to the actual wind speeds. Otherwise, the various ad-
justments and corrections spplied in HUR 7-39 were repeated without al-
teration.

¥ nd

The resultant wind fields in final form have been reproduced in
figures 3 through 12, inclusive.

Charles 8. Gilman, Chief
Hydrometeorological Section

Attachmants
CC: 2 to OCE with attachments
1 to BEB with attachments

1 to New Orleans WBO with attachments




F1G. 1

CRITICAL TRACK ADOPTED FOR TRANSPOSED
HURRICAME OF SEPTEMBER 28, 1815

K/ MYPOTHETICAL SPEED OF TRANSIATIGN OF CENTER OF HURRICANE (IN KNOTS)
15 INDICATED OPPOSITE EACH SEGMINT OF TRACK. EACH SEGMENT REPRES
63 DISTANCE THAVERSED BY CENTER IN i

FACTOR USED FOR INCREASE IN TRANSLATION AFTER RECURVATURE: 1.1
FACTOR USED FOR DECREASE IN TRANSLATION PRIOR TO RECURVATURE: .95

Mississippi DELTA=-L. PonNTeHARTRAIN

—_— -—F'-'
) L. COAST Liml {8 STWEMAT o'
.
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+12
+13
+1k

a

TIMB ADJUSTMENT FACTORS

. Xowr (Qﬂth nnoct to landfall) Factor (ratio of speeds at respective

hours to spseds st landfall)
\ 1,03
1.03 -
1.0
1.«2,‘
1.0
1.01
1.00
99
.99
-98
-
o1
. : .”
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93
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.88
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON 25

IN REPLY, FLEASE ADDRESS
CHIEF OF BUREAU

actow ]*9! 1956 AND REFER TO
O=b.12

MEMORANDUM: HUR T-l7
FROM; Hydrometeorologicsl Section
SUBJECT: Hwricsne of September-October 1893 in Louigiana

The subject oricane produced one of the severest harricane:
inundations in the history of louisisna. Enclosed for the informa-
tlon of the Hew Orleans District and other offices concerned is the
study of this hurricene we carried cut in connection with our New-
Orleans-lake Fontchartrain assignment (memo from OCE July 13, 1956).
The study was directed at determining perameters for the storm
(Po, B, ete.) and the severity of the wind circulaition es coopered
vith more recent hurriecanes., The data are insdegquate for pogitive
conclusions on the severity. However the weight of the evidence is
that the hurricane of 1893 at the time it inundated Grand Isle snd
crossed the Mississippi Delta was no more severe than the grestest
burricane since that time (September 25, 1915).

Charles 8. Gilman, Chief
Hydrometeorological Section

Enclosures
ce: 2 with enclosures to OCE
1 vith enclosure to BEB



THE LOUISIANA HURRICANE OF 1893
Hydrometeorological Section
September 1956

INTRODUCTION

The hurricene of September 27-October 5, 1893, caused one of the
greatest hurricane disasters in the history of louisiana. Few weather
records are available for the period from stations that were within the
path of the storm. Nevertheless, the path of the storm was reconstructed
using the sparse data, and velues for the central pressures, gradient winds,
and winds at anemometer level over water were calculated for several times
in order to show the intensity of the factors which caused this disaster.

The hurricane formed in the Caribbean Sea then moved northward across
the center of the Gulf of Mexico (figure 1). It approached the Louisiana
coast unexpectedly, on Sunday, October 1, 1093, (1) and crossed the Missis-
sippi River Delta near Bastlan Bay, La., between 2300-0100E, October 1-2.
The hurricane then moved northeastward up the coast of eastern Louisiana
through Br%ﬁton and Chandeleur Sounds and passed inland between Biloxi
and Pascagoula, Miss. at about 1000E on October 2. An intense storm of
less than average diameter, the hurricane caused 2000 deaths along the
Louisiana coastal areas and along the Mississippi and Alsbama coasts. AS
the hurricane pessed through Plaquemines Parish, la., Mr. Kerkam, Secretary
of the Louisiana State Weather Service, estimated the winds to be as high
as 100mph. (1)

Destruction from the wind was great; houses were smashed, people were
killed by flying debris as they rushed into the night to escape from their
collapsing flooded homes, the orange and sugar Crops were ruined, rice in
the fields was battered as though threshed, harvested rice stored along

the levees was blown into the river. Nothing was left standing on Grand
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Isle and no house in Plaquemines Parish was undamaged. Although the
degtruction from the wind was great, flooding and sea surges caused even
greater damage and loss of life. (2)

The greatest loss of life occurred at Cheniere Caminada, & fishing
village on a low-lying spit of land Jjust west of‘Grande Isle on Caminada
Bay. 1650 persons out of a population of 1800 perished there. A strong
gsouth wind had blown throughout the day on October 1, backing up the Gulf
waters into Caminada Bay and the adjoining bays and bayous, flooding the
marsh lands and near@y prairies. The water rose to five feet above its
wsual level in the bays and when it was at that height the wind changed
to the northeast. "...This blew the water from the Gulf through Caminade
Pass. Here the outgoing rush of water was met by the sea. The meeting
of waters caused a perfect wall of water to be raigsed. The walers rose
to & height of twenty feet and swept everytning before them." (3)

South of New Orleans in the vicinity of Pg;te-a-la.-nache shortly
after midnight on October 1, the winds blew so violently out of the east-
northeast that in some places the waters of the Mississippl rose 9 feet
and poured over the levees. After a calm the hurricane winds blew from
the west and, according to newspaper accounts, the water from the Gulf
and its bays rose fifteen feet and swept aweay the fishing hamlets along
the coast and poured over the levee into the river. It inundated the
highest orange groves and the railroad to & depth of four feet. (2, 4)

The storm moved up the eastern Loulsiana shore the morning of Octo-
ber 2, inundating the Chandeleur Islands and the islands along the Missis-
sippi coast and causing great damage to coastal shipping. It was estimated
‘that at least 350 craft were wrecked. (5) Waves washed away sections of
the beach, undermined the L & N track and destroyed sixty sections of the
railrosd bridge over Biloxi Bay. In Mobile Bay where the water rose rapid-

to eight feet above tide (as much as 2 feet in 1/2 hour) the flood was the
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worst experienced there up to that time, The extreme speed of the wind at
ﬁbbile vas reported to be 80 mph. The marshes around Mobile were flooded
and all the houses in them destroyed. Seven persons lost thelr lives. (6)
The storm struck Pensacola, Fla., at about 4:45 a.m. on October 2, with

the wind reaching its meximum velocity, 66 mph from the Southwest, at
3:45 p.m.

OBSERVATIONS

Port Eads, la.

Since many recording i{nstruments in the path of the hurricene were
blown down as it paessed, no complete history of the winds and pressures
is aveilsble, The instruments at Port Eads were destroyed and no observa-
tions were recorded for the storm period after the 8 p.m. observation on
October 1. The station pressure at that time was 29.65 in. and the wind
24 mph from the Southeast. The hurricane was centered west-southwest of
the station.

New Orleans, la.

A fairly symmetrical trace was made by the recording barograph at
New Orleans as the center of the storm passed within 45 miles of the city
at about O345E on October 2. (figure 2) The pressure had fallen steadily
to a low of 29,32 in. MSL by that time from a pressure of 29.81 in. at
noon of the previous day. The instruments recording wind speeds became
inoperative at 20.52E on October l. The wind at that time was 30mph from
the Northeast with gusts to 35 mph recorded on the triple register. West
End, north of the city on Lake Pontchartrain, registered winds of 65 mph
(uncorrected) before the instrument became inoperative. (1) The lO-minute-
average wind speeds for New Orleans are shown in figure Po

Moss Point, Miss.

A pressure fall from 29.70 in. at 0600E on October 2 to 28.65 in. at

J
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1030E (1.10 inch in 4-1/2 hours) was reported by the captain of & schooner
lying at anchor at Moss Point, Miss., close to the storm track. The captain
reported that the wind blew strongly from the east-southeast and east until
1030E when it gradually veered to southy southwest, and then strongly from
the west-southwest and west at 1200E. The wind did not veer north of west
until sometime during the night. It cleared after 1600E and by 2100E the

wind was nearly calm. (1) Table 1 shows the values reported by the Ship.
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Table 1

SHIP OBSERVATION AT MOSS POINT, MISS.--Oct. 2, 1893

Time Pressure Remarks¥*

(EsT) (Inches)
06 29.70 "Blowing heavy from ESE"
o7 29.30 "Wind SE by E"
08 29.00 "No change in the wind"
09 28.85 "Heavier and heavier"
1030 28.65 "Wind abated nearly to

calm and gredually went
around by south to southwegt"

12 "Came out heavy from west-
southwest and west"

16 "Cleared away"

21 "Nearly calm"

¥Quoted from the description oF Ihe storm by Henry M. Daview, Ceptain
of the Schooner B. Frank Neally.(l)



Mobile, Ala.

The cutter Forward anchored in Mobile Bay about 35 miles northeast of
Moss Point reported that "the barometer fell Tl points in five hours from
ceven o'clock in the morning until noon." (7)

At Mobile the storm was reported to have begun without warning at
about OMOOE on October 2 and ended at 1800E. (8) A southeast gale was
reported by OB830E with & meximum wind of T2 pph (uncorrected) from the
southeast. The l0O-minute-average wind speeds for Mobile on October 2
are shown in figure 7. The lowest pressure observed at Mobile during the
storm, 2316 in. MSL, occurred at 1500E (figure 2). After that the pressure
began to rise rapidly and by 2000E it was 29.53 in. The wind had shifted

to the west at that time.

Pensacola, Fla.

At Pensacola, Fla., the storm struck at about O4USE on October 2.
Wind throughout the morning was from the south at 34 to 40 mph; the mexi-
mum velocity observed at Pensacola was 66 wph from the southwest at 154LSE.
(1) The lowest pressure observed here, 29.47 in., occurred at 164SE
(figure 2), at which time the hurricane had moved inland to a point about
65 miles northwest of Pensacola (figure 5)

Once inland, the hurricane moved slowly northeastward over Georgila
to Cape Hatteras.

RECONSTRUCTING THE TRACK

The track of the storm ®r the period 2000E October 1 to 1TOOE Octo-
ber 2 was reconstructed, using the limited data available from stations
within 100 miles of the path of the storm as it moved inland, descriptions
of the storm and of the storm damage as reported in the Monthly Weather
Review and newspaper accounts of the times, and using_the procedures de-

scribed in Chapter I, Hydrometeorological Report No. 32, (9). Gradient

L
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wind speeds and the speed of the wind at anemometer level over water were
computed using the reconstructed'track.

Sea-level pressures

A graph of the sea-level pressures for stations within 100 miles of the
path of the storm as it moved across Louisiana and into Alabama was drawn
using & common time scale (figure 2). A barograph trace was available for
New Orleans, but pressures for Port Eads, La.; Mobile, Ala,.; Pensacola, Fla.;
and Meridian, Miss., were taken from W. B. Form 100l. The ship report of
barometer readings at Moss Point, Miss. wcs: also included.

Lines of position from pressure

The times of intersection of any two pressure traces on the Sea-level
Pressure Graph (figure 2) and the time of minimum pressure for each station
were noted. Perpendicular bisectors of chords drawn between stations whose
pressure traces intersected were used as lines of position of the track. The
assumption that the hurricane is circular requires that the center of the
storm lie on the bisectors at the designated times. Perpendicular lines from
each station, labeled with the time of the station minimum pressure, were
drawn to the track and adjusted as the track was laid out. If the hurricane
were circular the center of the storm would lie at the end point of these
lines at the time of minimum pressure.

Wind shift analysis

Further adjustments to the path were made using distances from a station
at hourly intervals taken from a wind-direction graph (figure 3) drawn from
data taken from autographic wind-direcﬁion records. (New Orleans was the
only station considered in this study that had autographic records of both

wind speed and wind direction.) Hourly position checks were laid out on

"’:f
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the path and a vector was drawn for that section of the path that covered
the period during which & wind shift occurred at New Orleans. The hourly
positions were marked on the vector. This vector was traced on a polar dia-
gram whose center represented the station in such a way that the time checks g
fell on the polar azimuth lines corresponding to the direction of the wind
at New Orleans at the check times. Distances from the center of the polar
diagram to the hourly positions were scaled off, laid out on the graph, and
used to check the distance of the storm center from New Orleans at those times.

Preliminary track

Hourly positions of the hurricane center were plotted on a map usihg
the pressure and wind-derived lines of position and giving weight to material
on the storm in the Monthly Weather Review for October 1893 and descriptions ﬁ
of the storm in the Mobile Daily Register and New Orleans Times-Democrat of
that time.

First agproximation of pressure profiles

Distances from the pressure-reporting stations to the hourly positions
of the track were scaled off. Hourly and minimum pressures for each station
read from the pressure-time graph were plotted on a graphlagainst the distance
of the station from the hurricane center. Pressure profiles for 0000E, OWOOE,
1000E, end 14OOE were drawn 1o these curves.
Final track

Using the pressure proflles, the distance from the station to the storm
center at hourly intervals was read from the graph for each station. Arcs
were then drawn along the hurricane track with these distances as radii and
the stations as centers. The jntersection of the arcs for each hour were
considered in the final adjustment of the track.

Tne final revised track differed from the track shown in the October 1893

Monthly Weather Review in that it entered the southeastern Louisiana coast
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from the south instead of the southwest and a few miles further east (figure 5).
After crossing the peninsuls and following the Louisisna coastline northeast-
ward, the final hwrricane track entered the mainland about 13 miles west of

the track shown in the Monthly Weather Review.

Final pressure profile

In fitting the first pressure profile to the station traces it was diffi-
cult to reconcile the pressure trace at Moss Point with that at Mobile. Be-
cause of this, the track was redrawn to show the center of the hurricane pass-
ing inland 13 miles west of Moss Point instead of at Moss Point. Hourly dis-
tances of the stations from the track were rescaled and e final pressure pro-
file was drawn (figure 6).

Exponential pressure profile
An exponential pressure profi}e derived from the equation
R/r

P -Py=c¢e
Pp =I"Po

where P = pressure at radius r

R = radius of maximum winds

Py= pressure at the center

P,= assymptotic pressure
was drawn for 1000E end 1400E October 2 (figure 7). The value of Py at 1000E
on the exponential curve was 28.22 in. and at 1400E increased to 29.17 in.

Gradient wind

The speed of the gradient wind was computed for 1000E and 1400E October 2
and the gradient-wind profile was plotted and compared with the lO-minute-
average winds observed at anemometer level at New Orleans and Mobile. In or=
der to obtain a better fit to the plot of the Mobile wind, R was made smaller,
and & new curve was plotted for the gradient wind at 1400E o

Over-water wind at anemometer level

The values of the ratio of the average l0-minute over-water wind to

gradient wind were obtained from figure 26, Hydrometeorological Report No. 32,

~

b 4
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and used to compute the over-water wind at anemometer level from the gradient
wind. Figure T compares these values with the average 1l0-minute wind speeds
at anemometer level at Mobile and New Orleans.

Radius of maximum wind

For 1000E October 2, these curves (figure 7) plotted against distance
from the center of the storm, give a value of 80 mph for the maximum over-
water wind speed at anemometer level. This value, V., 1s 86% of the value
of the maximum gradient wind, Vg, computed from the pressure profile in
figure 6. The raedius of the maximum wind, E, computed from the pressure
field, at 1000E extended 20 miles from the storm center. The 1LOQE V -curve
shows that at that time the winds had decreased and R had increased. The
maximum over-water wind at anemometer level on the 1400E V,-curve had de-
creased to 47 mph. A band of wind above 50 mph extended from 10 miles of
the center to 52 miles of the center at 1000E October 2. At 1hooﬁ winds

of 40 mph or greater extended from 18 to 36 miles of the center.

CORCLUSION

If the hurricane was of the same intensity as it approached Hoss Point
ag it was when it crogsed the Mississippi Delta, and if the pressure values
reported by the ship at Moss Point were correct, the central pressure during
that period is computed as 28.22 in. as shown by the exponential pressure
profile in figure 6. The possibility also exists that filling occurred as
the storm moved across the Delta to Moss Point and that its central pressure
had been even lower as it approached the Louisiana coast. Lack of sufficient
wind and pressure data has prevented the computation of wind-field patterns
for this storm offshore south of the Mississippi Delta. Pressure and wind

profiles constructed for this hurricane from the data available show that

/O
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the radius of maximum winds at 10O0OE October 2 was 20 miles with a meximum
wind speed over water at anemometer level of 80 mph (figure 7). Winds of
hurricane force (75 mph) prevailed in e band 10 miles wide., Filling occurred
after the hurricane moved inland, and the pressure and wind profiles show

that by 14O0E Qctober 2 the central pressure nad risen to 29.17 in. (figure 6)
The radius of maximum wind had increased to 27 miles and the meximum wind at
anemometer level over water had decreased to 49 mph.

The wind distribution shown in figure 7 agrees with statements that the
violent winds in the storm covered a limited area. Although the storm center
passed within 45 miles of New Orleans, winds of hurricane force were not re-
ported in the city.

From this analysis it can be inferred that this hurricane was one of
the three most intense to pass over the eastern Louisisna coast in the last
65 years. Table I, Hydrometeorological Report 32, gives a lower central
pressure for the other two, the hurricanes of September 29, 1915, and Septem-
ber 20, 1926.

Table II below compares values computed for these storms of September

1915 and September 1926 with values computed for the hurricane of October

1693.
Table II1
Hurricane Ry, # Pp - P Vax Vox R
In. In. MPH MPH ghmrﬁ.
Oct. 1893 28.22 1.77 ol 8o 17
(Miss. coast)
Sept.1915 27.87 2.27 106 91 29
Sept.1926 28.20 1.93 98 84 2k

(Ala. coast)

i
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Figures

Track of the hurricane of September 27-October 5, 1893

Sea-level pressures--October 1-2, 1893

Graph of average l0-minute wind directions recorded at New Orleans,
la., October 1-2, 1893

Final hurricane track

Final pressure profiles--October l-2, 1693

Final sea-level pressure profile and exponential pressure profile--
October 2, 1893

Observed 10-minute average wind speeds and computed wind gpeeds atl
anemometer level over water--Qctober 1-2, 1893
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UNITED: STATES DEPARTMENT OF COMMERCE
’ WEATHER BUREAU
. WASHINGTON

D‘ce.ber 6, 1957 IN REPLY. PLEASE ADI'.;RESS

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

0-6.12
MEMOBRANDUM TO CORPS OF ENGINEERS
HUR 7-42A
FROM : Hydrometeorological Section
SUBJECT : Standard Project Hurricane Isovels for a High Speed of Translation

of the Hurricane Center Mid-Gulf Coast, U. S., Zone B.

References: (1) Telephone conversation, Messrs. Myers and Nunn, Nov. 1, 1957,
regarding Standard Project Hurricane isovel patterns for a
high rate of translation for Zone B and €. (U.S. Gulf Coast).

(2) HUR 7-42, Standard Project Hurricane Parsmeters and Isovels
Mid-Gulf Coast, U. S. Zone B and Standard Project Hurricane, .
Lake Pontchartrain.

This memorandum contains an isovel pattérn for a Standard Project Hur-
ricane in Zone B with a high speed of translation as requested in reference (1).

Isovel chart

A synthetically derived isovel chart for a Standard Project Hurricane
with a CPI of 27.60 in. and a high speed of translation has been developid
for Zone B off the coast south of New Orleans, La. This was done by impos-
ing a degree of asymmetry to isotachs of gradient winds computed from pres-
sure parameters and reduced to 30-ft. winds by empirical factors. The
asymmetry factor, added to speeds on the right aand subtracted from speeds
on the left, was (0.5T)cos a where T was the representative high speed of
translation of a Standard Project Hurricane in Zone B, 28 kts. as shown in
Table 1, reference (2), and a the angle between the direction of forward
motion and the wind direction. Maximum wind at R is 111 mph.

A pattern showing the strongest winds in the right rear quadrant was
selected as that most likely to occur by at least two authors. I1sazc Cline
in his book "Tropical Cyclomes'' states that 'the wind velocities are much
greater in the right half than in the left half of the cyclone area, and-
the greatest sustained wind velocities occur as a rule in the right rear
quadrant.” L. A, Hughes has summarized a large number of reconnaissance
flights ("On the Lower-Level Structure of Tropical Storms", Journal of
Meteorology, Dec. 1952) producing the best and most definitive composite
low-level wind speed pattern yet available. The strongest winds are in
the right rear quadrant in that pattern. Many variations may occur in
the standard isovel pattern. To represemt the many patterns that it would
be reasonable to expect in Zone B, the isovels in the attached figure may
be rotated with limits of 100° counter clockwise and 50° in a clockwise
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direction. The limits of rotation are 1ndicated on thc figure by dashed
arrows extending outward from the wind center..

Ry

v ion of fo 4 speed

The forward speed for a Standard Project Hurricane is chosen within
or near the renge of forward speeds shown in Teble 1, referemce (2). PFor-
ward speeds wvithin these spans cen be assumed to be indepsadent of CPX
and R. The attached isovel pettera computed feor a forward speed of 23 hts.
1s the fastest observed 4-hour average speed in the Gulf. _

Other factors

Comments on variation in the radius of maximum wind, applicatioa to
other Zone B locatiens, wind direction, the critical path, snd adjustment
for filling over land msy be found im reference (2) to vhich this memoran-
dun is supplementary. .

AP & Lo et e

Charles 8. Gilman, Chief
Hydrometeorological Sectimn

Attachment

cc: 12 to OCE with attachments
1 to BEB with attachments
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IN REPLY, PLEASE ADDRESS
CHIEF OF BUREAU
AND REFER TO

0-6,12

70 : Mr. A. L. Cochram, Civil Works
Office of Ehief of Enginsers
Corpe of Enginsers

FROM : Hydrometeorological Section

SUBJEOY: MEMDRANDUM HUR 7-39, Revised Wind ﬁam Vicinity of Lake Pomtchartrain,
Hurricane of September 29, 1915

Trensmitted herewith is the Subject Memovrandum which includes revised
isotachs for the Loulsiana Hurricane of 1915 for the information of the
IHBOrlem District., This memorandum supersedes Memorsnda HUR 7-15 and
7-28.

Charles 8. Gilman, Chief
Hydrometeorvlogical Section

Attachments
ce: 3 with attachments to OCE
1 with attachments to OCE
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UNITES STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
Washington
August 16, 1957
In reply. Please address
CHIEF, U.5. WEATHER BUREAU
Washington 25, D. C.
and refer to

6-6.12
MEMORANDUM HUR 7-39%
FROM :Hydrometeorological Section

SUBJECT: Revised wind fields vicinity of Lake Pontchartrain, Hurricane
of September 29, 1915

Introduction

This memorandum presents charts of reconstructed wind speeds and
directions in the hurricane of September 29, 1915 over Lake Pontchartrain
and adjacent waters of the Gulf of Mexico. These charts are revisions of
those furnished in Memoranda MUR 7-15 and 7-28. The wind speeds have been
revised from the previous charts, mostly to higher values, from the following
congiderations:

a. The central pressure of the storm was well established close to New
Orleans but was not observed near the coast. A revised coastal central
pressure was obtained by extrapolation from the New Orleans valve. A faster
rate of filling was assumed between the coast and New Orleans (lower central
pressure at the coast) in the preseat analysie on the basis of a recently
completed empirical study of rates of filling in hurricames over land.

b., Further study was made of the ratio of observed wind speeds at the
New Orleans Weather Bureau Office to probable over-water wind speeds. Com-
parison of observed speeds at the New Orleans WBO in the 1947 hurricane
with better exposed stations in the same storm led to larger adjustment
fectors than previously employed.

¢. Reconsideratiom indicated that the water surface, which reduces the
wind speed less than a land surface, extended beyond the normal boundaries
of the Lake and the Gulf during the hurricane. This effect, while slight,
was also in the direction of higher wind speeds.

d. The winds over the water surfaces in the storm are of necessity
estimated indirectly from pressure and wind data over land, to the extent
that such data are available. Another indirect index of the winds is the
behavior of water levels. The meteorological data determine the over-water
wiad speeds only within a certain range; the resulting values are not exact.
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Considering the observed water levels qualitatively, the analysts were
influenced toward slightly higher wind speeds within the range dictated
by the meteorological data.
Track
The track of the storm center (center of lowest pressure) is depicted
in figure 1. The center of wind rotation is several miles to the left of

the pressure ceater.

Central pressure

The known information on the central pressure of the hurricane is depicted
on a time scale in figure 2a. This includes the minimum observed pressures
at the New Orleans Weather Bureau Office and the Ship Ceiba in dock at New
Orleans. Another ship in the Gulf, which experienced some of the conditions
of the eye of the storm, was at an unknown distance from the point of minimum
pressure, Also shown in figure 2a are average rates of filling for hurricanes
moving inland over extensive land masses, over the Florida Pemimsula, and
over 2 land area but with movement back toward a body of water, each of the
three curves being projected from New Orleans back to the coast. Several
possible variations with time of central pressure are shown by the heavy
curves 2, b and c. Curve b was considered the most probable and was selected
for further computations. An average radial pressure profile for 1200 CST
(about the time of landfall) is shown in figure 2b.

Comparison New Orleans WBO wind speeds with other sites

The winds at the New Orleans Weather Bureau Office were appreciably re~
duced by the friction of the surrounding city. A study was made of the
magnitude of this effect, by comparing the New Orlesns Weather Bureau Office
wind speeds (site had not changed) with wind speeds from nearby stations in
other years. Mean daily wind speeds at the New Orleans WBO were compared
with the mean daily speeds at the better exposed airport station at Meisant
Airport, for all days on which the speeds were 15 mph or higher at the air-
port for the years 1950-1954. The mean values are plotted as "x's" in
figure 4 for mortheast winds (the principal high-speed wind direction of the
1947 hurricane), for south-southeast (southeast was the principal high-speed
direction in the 1915 hurricane), and for all directions combined. It can
be noted that there is no significant directional difference.

For data on high speeds the New Orleans WBO speeds were plotted against
speeds at the Weather Bureau Airport Station at Moisant Airport, the Naval
Air Station, and the Huey P. Long Bridge in the 1947 hurricane (figure 4).
The fact that the stations would be in different parts of the hurricane at a
particular time was taken into account by comstructing profiles of speed
against distance from storm center in the hurricane, and plotting speeds
against each other corresponding to equal distances from the storm center.
The Huey Long Bridge anemometer is at 165°'. The winds here are perhaps 5%
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in excess of equivalent speeds at 30' over Lake Pontchertrain. The
Naval Air Station speeds were from an off-lake direction in this com-
parison and are comparable to over-water speeds. The Molsant Airport
site requires an adjustment upward of perhaps 5 or 10% to over-water
speeds. The comparison of Huey Long Bridge with the WBO is given the
most weight, as only these stations had automatic wind registering
equipment. The mean ratio of Bridge speeds to WBO in the 1947 hurri-
cane is 1.97 to 1 (by eye in figure 4).

A check was made on changes in the environmental conditions at the
New Orleans Weather Bureau Office between 1915 and more recent years.
The accumulated mean annual wind speeds at New Orleans are shown plotting
against the same variable for Meridian, Miss., in figure 7. It appears
that there was a change in environmental conditions assoclated with moving
of the New Orleans station in March 1915, but that there has been no ap-
preciable change since that time. The anemometer height had only been
changed one foot at Meridian and moved less than ome block prior to 1948,
when the Meridian station was moved to the Airport.

Radius of maximum winds

Computation of the radius of maximum winds from the pressure field in
the hurricane at various times gave values averaging slightly over 36
statute miles. The apparent radius of maximum winds as determined from
the wind speed records at New Orleans offices was 26 statute miles. An
average value of 30 statute miles was used in developing the reconstructed
wind patternms.

Computed wind fields

A theoretical wind speed called the gradient wind speed may be computed
by formulas from the pressures. The maximum value of this theoretical
wind speed may be computed from the difference between the central pressure
in a hurricane and the pressure near the "outskirts"™ of the storm. The
upper curve of figure 3 depicts the time variation of the maximum gradient
speed that was derived from the central pressure variation of curve b, fig-
ure 23 and an outside pressure, p,, held at the average value of 29.92
inches. In the formulas used the maximum wind speed is proportional to
the square root of the difference between outside pressure and central
pressure,

Empirical studies have indicated that the maximum 30-foot over-water
wind speed is about 867 of the maximum theoretical gradient spead (Lake
Okeechobee hurricane 1949) in many instances, but may range from about
70% to 100% of this theoretical value in various hurricanes (Hydrometeoro-
logical Report No. 32, page 46).

After weighting all the pertinent data, a reduction factor of 88.5%
was tentatively selected for the 1915 hurricane, and is depicted by curve b
of figure 3.
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 The first approximation to a computed 30' over-water wind field wvas
obtained by taking the maximum speeds from the curve b of figure 3 for
various times at a radius of 30 statute miles from the center, and de-
termining winds at other distances from the center in proportion to the
variation of the wind speed inside and outside the radius of maximm winds
observed in the Lake Okeechobee hurricane of 1949 (qualitatively confirmed
in many other hurricames). From such profiles a computed speed could be
obtained at any point and at any hour in the range of the hurriecane, by
adding a component for the forward motiom of the storm. Such computed
speeds are plotted against observed New Orleans speeds in figure 5. The
average ratio of computed 30' over water wind to observed is about 1.83
to 1.0, which has the proper relationship to the WBO-Huey Long Bridge
factor of 1.97 to 1. At the only other observing station, Burrwood, La.,
a comparison of computed with observed wind speeds is depicted in figure 6.
Only qualitative correspondence was expected on this diagram because of the
unusaal nature of the wind speed variation at Burrwood. The large surge of
high speed between 1500 and 1700 CST at about 70 nautical miles from the
center of the storm was not thought to be representative of the speed dis-
tribution in other quardants of the storm or at other times.

Wind speed charts

Applying all the foregoing considerations the standard wind profile at
the coast shown in figure 8 is derived. Variations in the profile for
other times are also shown on the figure. This is the average wind profile
in all directions from the storm center. The dashed curves show the re-
spective limiting profiles.

Wind speed charts were constructed by applying the profile of figure 8
plus an adjustment for forward motion of the storm plus frictiomal reduction
in the vicinity of shore-lines: a 3light decrease on-shore, a slower speed-
uwp for off-shore winds. Attempts were made to estimate where the shoreline
was at the various hours, frem a chart of maximwm fleeding during the hurri-
cane. The final wind fields are depicted in figures 9a through 9h inclusive.

Wind directiens

A deflection angle of 30° toward low pressure was adopted as a reason-
able compromise among the distribution of fluctuations noted in the wind
direction at New Orleans. The deflection angle was kept constant at 30°
regardless of radial distance or bearing from the center.
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Charles S. Gilman, Chief
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