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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

BUBJECT: Surface Winds (30 ft.) Over Lake Pontchartrsin, lLa,
During Passage of Hurricane Batsy, September 910, 1363

Referencest 1. HUR 7-87 dated December 20, 1963, "Surface Winds
(30 f£r.) Ovar Gulf of Mexico in Hurricans Betsy,
Saptember 9 and 10, 1965.%

2. Latter from N, 0, District teo OCE dated September 29, 1963

This memorandum supplsments reference 1 and provides the surface
wind (30 ft.) over Lake Pontchartrain during Hurricane Betsy, 1963,
It consistas of seven charts beginuning 1800 CST September 9, 1963
and, by 3~hourly intervals, emding 1200 CST September 10, 1963,
These charts way be used with corrssponding time charts of vef-
arence l.

The isovel charis are analyzed at 10~-kmot intervals with 5~knot
values (dashed lines) whare nesded, Smooth streamlines over the
lake show the wind direetion,

This analysis ias based primarily on the observed winds at South
Baseule, Lake Causeway; Weather Bureau A{rport Station, Meisent
Adrport; snd Huey Leng Bridge. 7The latter two stations are re~
duced to over-water values at 20 ft, by standavd relationships
(figure 1~1 NHRP Report No, 39), More distant wind reports, and
the pressure fisld are also guides to the wind speed profile aleng
a radial from the storxm center position,

Vance A, Myers
Chief, Hydrometeovological Branch
0ffice of Hydrology

Attachments
ccs 2 to OCE
4 gets cof charts



ENGCN-8Y 26 Jumuary 1966

SUAJECT: Hurricane Studies - Surfave Winds over Laeke Pontchsrtrsin, La,
During Burricane Setsy, Septeaber 1965

oy

/’ ‘J: e ;’fﬁ S , /

161 Division Eng ”
lower mngpi Vallaey Diviston

1. Beference is mude to New Oplesns Diatrict letter of 29 September
1965, subject, "Huvticane Btody, Beview of U.8. Westher Buresu Rydro.
mtmlegmx Reaniih Burricane Memovantwes , requesting isovel patterns
and related deta for Burricane Betey, 5-10 Septsmber 1965. The NMydro-

mmmmmgmmammmm
mmmm Leutsisane, during the passage of Nerricane Itsy.
mumlmm%nw&bymhtm&”mwﬁ,
esubject as abowe, and shows the wind fields in move datail over the lake.

2. The analysis consists of Masorandum BUR 7-87A with seven surface

wind charts for the period 1800 CST 9 September 1965 to 1200 C8Y 10 Septem-

ber 1965. Two coples of the data are furmished directly to the New
Ozleans Diatrict,

YOR THE CHIEF OF ENGINEENS:

Wt.m

Civil m

b7 | Eii, ] ]
HUR 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 T0 CORPS OF ENGINEERS
BUR 7-87

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

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

L

Encloased are four sets of coples of preliminary analyses of the
wind (30 ft,) over the Gulf of Mexico and the Missiasippi Delta
region during the passage of Hurricane Betsy, 1965. A chart of
the storm track is also included,

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

The 1sovels are for 10-knot intervals, continuous lines, axcept
an occasional 5-knot isovel (dashed line) has besnm supplied to
facilitate reading the valuss. For wind directions, thas sngle
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 betwsen successive charts is gen~
erally valid,

Table 1 lists pertinent characteristics of Betsy.

Vance A, Myers
Chiaf, Hydrometeorological Branch
Office of Hydrolegy

Enclosures
cct 2 to OCE
4 aets of charts



Table 1
o CHARACTERISTICS - "BEISY", SEPT., 1965
& V_ (kts.) "

Date/Timel < P P R 5 Speed Dir ection
(BT) Fegup) (b (n st  EF IR (kt.) (deg.)

9 0000 2865950  1012.5 20 100 89.5 16,6 280

0600 2805951  1013.0 23.5 100 92 - 12 295

1200 2502949  1014.0 27 101,5 91.5 16 321

1500 27.37944  1013,C 28.5 105 95 15.5 320

1800 27.79941  1012,0 ;| 30 106.5 96 16.3 316

21002779941  1012.524.9232 106 95 17 314

10 0000 * * * * * 16:5 318

0300 13.7 . 320

0600 13.4 321

0900 13.5 339

1200 12.7 = 355

1500 158~ 353

1800 11.8 5

*Storm center inlgqu

Legend:

Po = central pressure
= average peripheral pressure
= maximum sustained 30 ft. surface windspeed

Right front quadrant
= Left rear quadrant

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

5 kB B g< g"
]

R = radius of maximum winds
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UNITED STATES DEPARTMENT OF COMMERCE
i o WEATHER BUREAU

WASHINGTON
Envitonmental Science Services Administration

February 17, 1966 ) tﬁﬁ%?J éli?ééfﬁ%ﬁ

REFER YO

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 f£t.) 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).

e /4%.(#(,4.\

Vance A. Myers
Chief, Hydrometeorological Branch
Attachments:

cc: 2 to OCE
4 copies of chart



TO USE: PLACE CERTER OF ISOVEIL CHART OVER CENTER OF RATIO
CHART. ALIGN ARROW "[f'* ALONG DIRECTION OF MOTION OF STORM.
WULTIPLY WIND SPEEDS BY THE INDICATED RATIOS.

SCALE OF STATUTE MILES
} ] [ { _} R . (. | | PO
0 S A S o R T Y

otte Chort {0 cojuet feovele of [SI6 [urricene Trengposca
(RUR 74 0) 16 reviceo SO teovele (HUR (<G
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DEPARTMENT OF THE ARMY
OFFICE OF THE CHIEF OF ENGINEERS
WASHIMNGTON, D.C. 20315

N

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 lst 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 Distriet, ATTN: LMNED-H

1 Incl G,B.D.
dupe cy wd






ok 7-87

ENGCW-EY 22 December 1965

SUBJECT: Hurricane Studies - Surface Winds over Qulif of Mexico in Hurricvene
Betsy, 9-10 Septeumbexr 1965

O Division Engineer
Lower Misaissippl Velley Diviasion

1. Reference is made to Nev Orissns District letter of 29 Septesber 156
subject; “Hurricens Study, Review of U,.S. Westher Bureau Hydrometsorological
Braneh Hurricans Memorandums,” requesting feovel pettarns and related date
for Rurricene Betsy, 5-10 Septesber 1965. The Hydrometeorologies) Brsach of
the Veather Buresu has completed preparation of the surface wind fields over
the Culf of Mexico and the Mississippi Delts region during the passsge of
Rurricans Betasy, two copiss of which are furnished directly to the New Orlean:
detrict.

2. The study consists of HMS Memorandum HUR 7-87, a storm traets chart
and 13 vind cherts, covering the period from 0000 houra CST 9 Septesber to
1800 hours (8T 10 Beptesber st 3-hour intervals exeept G-hour intervals for

the first thres charta.
BIRE OF BHGINEERS:

FOR THR C

1 Insl VENDELL E. JOBRSON
BR 7-87 (dupe) Chief, Mnginearing Division
Oivil Works
Copy furnished: P
Dist Engr, New Orlesms .-
w/1 Inel

B 7-87 (dupe)



=~ J STATES DEPARTMENT OF Cc. _..ERCE
WEATHER BUREAU

WASHINGTON

October 21, 1959

(8]

IN REPLY. PLEASE ADDRESS
CHIEF, U. 5. WEATHER BUREAU
WASHINGTON 28, D. C.

AND REFER TO

0-6.12

T0 : MNr. A. L. Cochran, Civil Works
0ffice of Chief of Engimesers

Corps of Eagineers
FROM : Hydvometeorelogical Sectiom

SUBJECT: Memorandum NUR 7-65, SPH Wind Fields for Track B with forward speed
of 5 knote

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

Charles 8, Gilmen, Chief
liydrometeorologicel Section

2 cc with att. to OCE
2 ce with stt. to BEB



UN.. . STATES DEPARTMENT OF C\ o RCE
WEATHER BUREAU
WASHINGTON

“m zl’ l’s’ IN REPLY, PLEASE ADORESS

CHIEF,. U. 5. WEATHER BUREAU
WASHINGTON 25, D. C.
AND REFER TO

0-6.12

MEMORANDUN TO CORPS OF ENOINEXRS
HUR 7-65

FROM | MNydroseteovelogical Section
SUBJECT: SPH Wind Fielde fer Track B with Fozward Speed of 5 EKnots

Referemces: 1. Nemorandum from OCE te HME, 17 Awgust 1939 and Comferemce
u‘-‘:‘u-u August 1959, Sub ject, New Orleans Hurricane
st .

2. HOR 7-62, SPH VWind Fields for Track C (revised), Critical
for Nowth Shere of Lake Pontchartrain, September 6, 1959,

is memorendum presents wind directioms and speeds accovrding te Stamd-
avd eria for track B, ecritical for Gramd Isle
portions of Avea IX wast of the Mississippi as specified in referemece :
The Pl over-water patteran was rvotated 36 degrees ¢ from the trask C
direstios givem in the over-uater pattern of referemcs /2 /. Filling, shore
line snd friction adjustmants were wade in a similar manner as the precedurs

iz
3
2

Isovel charts arve enclosed at 2-hour interwals fIlom -10 howrs te +4
=nd st l-hour intezvals from +4 heurs to +17 houzrs (the times are hours
before and after the hurricane cemter crossed the coast).

may

Alse emclosed are a trask and 2 opival. The is wsed for
determining wind divections as described in vefevemce (2 /.

bm-lw.a = radius of waxismm winds in nastical miles and
F. 8. = forward spoed of ieans center in knets.

Charles 8. Cilman, Chief
liydromet sorclegical Section

2 ce with att. to OCE
2 ce with att. to BER



ENGHE 22 October 1959
SUBJECT: Hurricsne Btudy, Meteorological Criteria, ew Orleans Distedet

TO: Pivision Bogineer
U. 8. Ammy Engineer Division, Lower iMississippi Velley
Viecksburg, Miseissippi

1. In aceordance with paregraph 1b of inclosure No. 3 of notes
on conference held in OCE on 11~13 August 1959, subject, "Hurricane
Protection Studies (PL 71), New Orleens District’, the iydroneteor-
ologlical Sectian of the Weather Burean has furnished a memorandum for
the meteorvlogical criteria specified therein. Two copies of the
memorandum, HUR 7-65, subject, "SPH Wind Fields Tfor Track B with
Forward Speed of 5 Knots"”, dated 21 October 1059, are inclosed.

2. Duplicate copies of the memorandum have been furnished the
Deach Erosion Board. The remaining data cutlined in inelosure No. 3
of the eonference notes will be forwarded as scon as recaived from
the Weather Buresa.

FOR THE CHIEF OF ENCINEERS:

1 Incl (aup) F, B. SLICHTER
HMS Memo HUR T-65, Chief, Engineering Division
21 Oct 59 Civil Works

LMVGK 1st Ind

U. 5. Army Engr Div, Lover Mississippi Valley, Vicksbury, Missg ¢ " a5g

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

1 Inel G.B.D.



-

UNI1ED STATES DEPARTMENT OF COMMERCE

WEATHER BUREAU
WASHINGTON

m ?3 m IN REPLY, PLEASE ADDRESS

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

e
MRERAEDUN 70 CORPE F SEITRRTRE
BE 7-0h
s @ Hpdromstecrclagionl Section

SUBJNCT: OME Vind Pielde for Twack D with forvard speeds of © and
1% nots

: 1. Memcvendus fyeo OCE to IS, 17 sugwet 1979 end Conferece
?nn-nawm.um,nuh-mm

24 M?-&,mmmmmcim),cntm
for Newrth Thopre of Leke Pontchartrain, Septesber 8, 199

i

3 oo with att. to OO
2 ge with att. to AR



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

TO! Division Bngineer
U. 8, Amy Bngineer Division, lower Mississippi Valley
Vicksburg, Mississippi

1. In accordance with paregraph 1b of inclosure #3 of notes on
conference held in OCR on 11-13 August 1959, subject, "Hurricane Pro-
tection Studies (PL T1), New Orleans Pistrict”, the Hydrameteorological
Section of the Weather Bureamu has frnished a memorandum for the meteor-
ologiularitm.qod.ﬂeethm Two coples of the memorandum,
HUR 7-6k, subject, "SFH Wind Flelds for Traek D with forward speeds of
5 and 15 knots", dated 7 QOctober 1959, are inclosed.

2. Duplicate coples of the memorandum have been furnished the
Beach Erosion Board. The remaining data outlined in inglosure #3 of
the conference notes will be forwarded as soon as received frum the
Weather Bureau.

FOR THE CHIEF OF ENGINEERS:

1 Inel (aup) F. B. SLICHTER
HMS Mamo HUR 7-64, 7 Oet 59 Chief, Engineering Division
Civil Works

LMVGK lst Ind

U. S. Army Engr Div, Lower Mississippl Valley, Vicksburg , Miss.

T0: District Engineer, U. S. Army Engr Dist, New Orleans

1 Incl . G.B.D,

n/ec



UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU -
WASHINGTON

S&pt emb er 21 R 19 5 9 IN REPLY, PLEASK ADDRESS
- CHIEF, U. 8. WEATHER BUREAU

WASHINGTON 23, D.C.
AND REFER TO

0-6.12

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 1959 and Con-
ference at OCE, 11-13 August 1959, Subject, New Or-
leans Hurricane Studies.

2. HUR 7-t2, SPH Wind Fields for Track C frewisad)
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 +18 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 "%" 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, z radius of maximum winds and F. S. = forward

Ry
arles 5. Gilman, Chief

speed of hurricane center.
i Section
Attachments Hydrometeorological Se
cc: 2 to QCE with Att
2 to BEB with Att



UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

w ”’ w IN REPLY. PLEASE ADDRESS

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

0-6,12

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

FROM : Hydrometeorological Sectiom

SUBJECT: NUR 7-68A, SPR Wind Fileld for Treck C with a Rotatsd 8PN
Pattern

Heyewith is tranamitted the isowel chert to supplement the treck C
isovel charts sent wnder IR 7-62. This is in respomse to a comversation
between Mr. Fumn of your office and M. Goodpyomy of this office Septam-
ver 10, 1959.

Charles 8. Gilsan, Chief
Hydrometeorclogical Section

Attachments
et b to OCR with attaclments




UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

M 28’ mg IN REPLY, PLEASE ADODRESS
CHIEF, U.S. WEATHER BUREAU
WASHINGTON 285, D. C,
AND REFER TO

FRON
SUBJECT: SPH Wind Fileld for Track € with a REotated SPH Pattern

Reference: NIR 7-62, SPH Wind Fields for Track C (revised) Critical for
Sorth Shore of Leke Pontechartrain, September 8, 1959

1. The +1h hour mep enclosed with FtR 7-62 gives & larger oversll
onshore compoment from A thwough C.

2. The +18 hour mp enclosed vith this memcrandum gives 2 smsller

overall cmshore camponent with a much amaller component elong
AB, but with & larger onshore component along BC.

Charles 8. Gilsan, Chief
Rydromatecrological Section

‘ttachments

ecc: b 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 t Mr. A. L. Cochran, Civil Works
Office of Chief of Enginecers
Cerps of Engincers ‘

FROM : Eydvemeteorvlegical Seckion
SEUBJECT: MEMORANDUM HUR 7-62, SPH Wind FPields for Track C (umvesel)
Critical for North Shore of Lake Pomtchartrain

Herewith i3 tramsmitted the subject memorandum which furamishes
isovel charts for twvsek C of the New Oxlecams hurricame study.

Charles 5. Giiman, Chief
Hydromateovrelggical Section

i
3
B
88
B8




=
371 ; ; o ;“ ;
! 5 Ay il
!gi Ea s E E% i i Eg

'i E ii E g
’!E IH@ ;%{_‘ E L
iir "J:? T

Ei 2 Y
i bl il Gl
5‘1 S U

1°9-0
Ol H3434 AQNV
YIHNE 40 A3IHD
AHAAY IASVIAId ATdIH NI



4.

from -% heurs e iU hours end foxy ihe bour fcfore and sfter critical
e,

For the {orward spesd of 15 xnots the cvriticel tims i ¢ ouge. A
irack wap and isovel saps from -1 te +9 hours st twe houy intervels and
for the boor hafore and afvsr criticel tise hews been prepaved.

Wind dirsctions at sy time ond iecetien can be detersined from the
euiosed spirel. Ia sccovdence with 8UR 7-42, refsrvence fli, ghe overlays
wote prepacred vith an sagie of imourver e of 20 degress sut te the radius
of marizm winds (39 sastical milew), 20-35 degrees from the redtius of
sadem wisds t2 1.2 tiuse the radice of sexioue winds (30-3¢ mauticel
niles) end 25 degrees lacurveturs beyomd this pofuc. The spirel 1+ snde
for the i:435,5%6 sap basz. In ordexr te ase the spivel, the L mav. {2
placed over the hurricase cester the spiral is fres te rotate. ¢ Tas
wind divection &k & givem peint is, mmemummy
ﬂpf!}; Fhe ?!fd’ Lar. j/ f‘f 5,(?'(‘, "'JG‘“’ t*c ;’”}-‘f’rﬁﬂ w“;"_‘;_j' "“lf

£ ) | Chazgs Wwind drr. ton s 4,,”-{’4' HMs 10 oo ¥ 5y

L. SFR Epgiexm. The 5PN patters for & sediun speed of tuuhth&
(19 knots) and 2 large sadios of metieem winds {30 nautical wiiss) in
{3 i» spplicable vo forwawd spesds of 5-20 twots as stated is the vefer-
ence. This pattern is the basie of all isevel cheris for beth ferwesrd
speeds. The ilsevel potterm vas aligmed se thet the cradinvs of meximn
wvinds gave the stromgest onshore cospoment &t tha criticsl time. A copy
sf this bazic pastars for deteramining over water wind speeds where vot
showuw o the other chavts ia euclosad.

2. _Fillinps sdjsstumant. After the haricans center crossed the
coast, tha 5PH map wes adiisted fer £Li1 aceordimg te the tiwe odjust-
aspt fectors given i» Table 1 of ¥ 7-40 /4/ snd esuplaingd iv LT 7-3%

37/ Bsyond 14 Beutr the ad) stmemt facters wer: estrapolisted dsearly
te 23 Rosrs.

i, Ethope bime S¢icstwent. Using topoawaphic meps of tae Lahe Pomtahav-
train- Wmi Belita regfon and vith a koowledge of osshere wind spesds,
& rvough sstimate was xade of the ised-s¢8 beundavy 2 flooding eecurved and
thie approzisete shers [ise was ysed te owbe an edisstment foc frictica.

. Frisgioe Adiustment  Yiods were reduced dug to frictien wapiédiy
2t the coast te 77 of rhe over -webtsr spsed for wooded avd boilt-up arcas
a0 amd BhL fox sarshy ereas. Greatar veductions were .sed fsrther fmland. 4
simiier procedute war used for comstructing snd-to-watexr irsesiticom sones.
e the wap legends, B, redive of sesioew winds and ¢ forvard speed

of hverizean.

Y ¢ Charles 5. Cilmam, “hief

Lig cp! Aydrowetesralagicsl Section
4’.‘” 3 wikhk stt. ke (L

p | o BREE




b

UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

IN REPLY. PLEASE ADDRESS
November 15, 1961 CHIEF, U. S. WEATHER BUREAU
WASHINGTON 28, D. C.
AND REFER TO

-6.12

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

Bydrometecrological Section

o,

o

SUBJECT: Memorandum HUR 7-6ls, "Relationships Between SPH
Isovel Patterns snd Probable Maximum Zveants for the
New Orleans Area, continued"

The reference mesorandum is transmitted, discussing the
question of effect of recent hurricanes on probable maximum
hurricane intensity guidelines.

Vance A. Myers
Chief, Mydrometeorological 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



wauld call for. ALl were moving st moderats foywsrd speeds,

Only a preliminary eppraisal of readily svailable data has been
mads for Donna sud Carls, but it sesms likely that analysis of these
two severe storms will call for some ifncreass fu wiands to ba expectad
for a given CP1 for severe hurricanes in the Culf region. Tentstively,
s factor of 1.25 is propossd to convert the moderste speed of trans-
lation SPH wind patterns of raference (2) snd previous msmorsada to
gt, {ostead of 1.14.

The other cousideratien relates to the affect of spesd of forward
motion on & M. In referesce (2) sad pravious memorands spesds cu the
right-hand side of the track are increased by spproximstely one-half
the spaed of forward motion for fast-meviag SFi's. This {ocrease i3
Bot considered fully applicable to prebabie maxfewe hurricenes, as io-
creaning forvard sotieon yields little or 20 incrsase in enargy svailable
te produce wiwd. The wodarate-speed-5FH X 1.25 wind field proposed
shove spplies to a Pl of gpy forverd spasd.

(1f the old facter of 1.14 has been applied to high speed of trans-
lation SPH patterns, this also yields s pattern reprasentative of P
on the more severe sids of the I&O'l!l)m of shout the same inteasity -
as tha wind pattern proposed shove).

Eonclysjon

No change in CP1 for probabie maximum burricsme. Tentatively fu-
cresss factor to convert SPH winds of MNRP Report No. 33 to probable
waximun level to 1.293, but apply te moderate spasd of tramslation SPH
patterns only.

Yance A. Myers
Chtef, Bydrometservlogical Sectiom

¢c: 2 to OCK
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON 25

m u‘ 41’” *  IN REPLY, PLEASE ADDRESS

CHIEF OF BUREAU
AND REFER TO

0-6.12

T0 : Nx. A. L. Coghran, Civil Works
Office of Chief of Engineers
Corps of Emginsers

FRGM : Hydrometeorological Sectiom

SUBJECT: Memovandum HUR 7-61, dated August 21, 1939, Relationships
Batveen $PH lIsovel Patterms and Probsble Maxioum Events for
the New Orleans Avea

Reference: OCE Memorandum, August 17, 1955, Hurricame Criteria for
the New Orleans Hurricsoe Stedies.

Enclogsed is the subject memorsndum which deals with some com-
sidervations regerding the characteristics of a Probable Haximun Bur-
ricans (PME) at the latitude and sone of coastal Lowisisna and coef-
ficients for converting the gemeralined SPFH to a M,

Charles §. Giimen, Chief
lydrometeorological Section

Attechments

cec: 5 with att. teo OCE
2 with stt. to BED



UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

mt 21 » l’s’ IN REPLY. PLEASE ADDRESS

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

0-6.12

MEMORANDUM TO CORPS OF ENGIREERS

WUR 7~-61
FROM : Hydrometeorological Sectiem
SUMJECT : Relationships Between SPH Isovel Patterns and Probable Maximum

Events for the New Orleans Ares

References: (1) NS Memorandum MUR 7-59, March 3, 1959, Relationships
between SPH Isovel Patterns and Probable Maximum Events
for Lower New England Area.

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

X (3) BMS Memorandum HUR 2-1, June 18, 1957, Frequenmcy of Central
Pressure Indices along Atlantic Coast.

(4) R, K. Simpson, "Exploring the Eye of Typhoon Marge
1951", Bulletin of the American Meteovvleogical Society,
vol. 33, No. 7, September 1952.

A% (5) IS Memorandum BUR 2-1, Jume 18, 19537, Frequency of Cem-
tral Pressure Indices along Atlantic Coast.

(6) IMS Memoramdum HUR 7-42, October 11, 1957, Standard
Project Hurricans Perameters and Isovels, Mid-Gulf Coast
U. 8., Zone B, and Standard Project Hurricame, Lake
Pontchartzrain.

The Probable Maximum Hurricane (M) discussed here is conceived as
a storm possessing a combination of chavacteristics that will produce the
physical maximum water beight (surge) superimposed sn the astromomical
tide. These characteristics are then related to those of the SPH slrvesdy
developed for Zome B (reference [ 6_/).

The parameters that determine surge height are essemtially of twe
types, physiographic and meteorologic, and only the latter will be dis-
cussed here. Since the optimum forward speed of a M is dependant on
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physiographic factors, s ramge of forward speede is given.

The spproach in determining the PMA characterietics here is similer
to thet in Memorendum HUR 7-58. All “quotes”, therefore, refer to HUR 7-59.

Physical comsiderations

« "The kinetic energy of the winds in & hurricane
is preduced sir Flowing scross the isobars toward lower pres-
sure. In order that the totsl kinetic emergy in the air columm
waking up the hurricsne may remain comstant agaisst the dissipating
effects of friction, or increase, thare must be ascending eir thet
is wvarmer than the volume-coupenssiing descending air. Ovdiwmarily,
in the atmosphere, an asceandiag curreat becomes colder than its
surroundings and 2 descending current becomes warmer tham its sur-
roundings. This conditicon temds to imhibit the development of
kinetic ensrgy in the absence of a pre-axisting borizontal tem-
perature difference.”

The exception to this general rule oceurs when the lower layers axe very
vare and wolst and the upper layers relatively cool. The releass of
latent hesat when the lower air rises compensates for the adiabatic cool-
ing emough to ilusure that it remsin warmer than the sinking air, thus
giving a kinetic-energy-producing system. The atwmosphere is thes re-
ferred to @s belog couvectively enstable.

Eecause the ses surface is most effective as a heat souree from
Juna through October, the convectivé iostability is most promounced dur-
ing this sesson. The strength of the sffective heat source depends on
sea-surface tempersturs and insolation, relatively fixed factors. The
development of extreme instability is inhibited by the dissipetive action
of local comvection and this action, is turn, depends, in part, on fixed
physical properties of the air.

“Therefore the meximua convective instability that could accumulate
and be available to drive a great hurricane of the maxiswm probsble
category is not emtrsordissrily in excess of what must have been
present for severe past hurrvicanes.

Central pressurs. Appareatly, the one wost significant charactex-
istic of a hurvieane is (ts cantral pressure, and many empirical
relations between this and other charssteristics of the hurvicane
{at least in its mature stages) have been devised. Taken togethar
with pressures arcund the periphery of the stoxm the ceantral pres-
surs sets & limit on how much kinetic smergy cau be concemtirated

iz an arss; a5 the stors soves away from thes Tropice, and conge-
gquently farther from a good source of wars meist sir, the cemtral
pressuxre rises somewbhat and the radive of ssximum wind may incresse.
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We may estimate the lowest probable P, for & hurricane in the
Tropics on the basis of simple hydrostatic reascaing, using certain
assamptions of maxisizstion end utilising the idea of subpidence
in the eye.”’

Hxdresiatic computation. Assume & hurricane extending to the
100~mb level (A mean height of 54,410 feet in August), with a
surface tempersature of 78°F, saturated. Assuss wow & conditien
is wvhich this gatursted sir vises woist adisbatically sround
the aye to the 100-ab level. Air at the 100-mdb level having
the same temparsture as the air brought up wmoist adisbatically
from the surface descends dry adisbatiesily in the eye. The ver-
tical tempsrsturs distribution is now such that hydrostatic com-
putations shew & surfece pressure of 25.350 inches of mercury.

Lisitscions. Certain physical limivations which militate
agaiost such en extreme low pressure as described above are im-
wediately apparest: (1) sscents and descents of air are less
complets and clear-cut thss was assumed in the above exsmple.

For exsmpls, studies in sctusl hurricanss sade by Palmen (1948)
indicate that air at the 400-mdb level ic the eoye appears to have
descendad from tha 200 mb while lower down the vertical displace-
ments are even smaller; (2) suy process which essumes large amounts
of descending sir must of wecessity be an ensrgy-comsuming process.
These limitatione suggest that a centrel pressurs of 25.50 inches
is probebly below the lowest likely to cveeur.

The lowest pressure ever recoxded (ia a typhoon) was 26.135
inches. There is no reasen to suppose this was the lowest that
sature could possibly produce. It is concluded, thevefore, that
8 value near 26.00" is typical for the PM¥ value in the Tropies.”

stagistical considerstions

Points of yefexesnce. The following references and actusl scecurremces
must 2lso be considered in a discussion of the Fill for the New Orleans
Zone: (1) Pl for Leke Okeechobse, reference f 2 I. (2) Senevalised 5PH
studies, reference / 6 7 (3 m&-— pressure of 26.35 inches in the
Plorida Keys storm of Septesber 2, 1935; (4) lowest sea~level pressurs
sver observed of 26.185 inches on Asgust 18, 1927, 460 miles sast of Luson,
neatr 16°R; and (5) minimum pressure of 216.43 isghes in a meture typhoon
nesr 20°N, 135°E, im Auguet 1931, refexence [/ & /.

ntl.nuu thentrdm!crnﬂatthhﬂrlmmu to
sxtrapelate northward te the 29°N latitude the lowest ceantral pressures
observed in the various tropicsl hurricanes mentionsd iv the preceding

paragraph. This extrapolation is sccomplished using figure 4-B of
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BUR 2-1 (reference / 3 /). This extrapolation yields & lowest central
pressure of 27.10 inches at 29°R.

The Pacific typhoons snd phyeical considevatiocns just discussed sug-
gest the possibility that » lower value is reesomsble. Similsr extrapela-
tion yields a lowest value of sbout 27.00 inches.

Further cossidsxstions. Meteorelegically, the entive Gulf of Mexico
may be said te be in the Tropics during a great part of the hurricane
season. By this we mesn that the air snd water surfsce have essentially
the same charscteristics as, say, the Caribbean. Oune might them ssk,
"What {s the probability of sn occurrence such as thet of the 1935 Flovida
Keys (central pressure = 26.35 inches) st coastal Louisismal”

Figure 1, sppended, shows plots, by rank, of all the svailable central
pressures at the coast lines of hurricanes thet sstered the coast im Florida
(iine F) and snywhere in U. §. cosstal Gulf (line G). Omly ceatrml pres-
suras of 28.50 iuches and below are shown. The straight lines have been
fitted by eye to the data--(the Florida ey hurricane, point A, not con-
sidered in drawing the straight line for F).

Assume that if & storm such =s the Labor Day Hurricane were to osecgur
on the Louilsiana Coast it weuld cccupy the seme relative position teo the
left end of line € a5 A (the Labor Bay case) has to lise F. This leads
te a value of about 26.30 inches.

This higber value for an extreme case is meteovologicelly and physio-
graphically reasonsble; storms aloag the northers Gulf ave more sobject
to the effects of drier air from the continent and to the effects of upper
troughe swving in fres the oorth snd west.

On Saptembar 21, 1934, 2 sinimus central pressure of 26.93 iuches
was vecorded in 3 typhoon that hit Jepen mesr 33°K lastitude. Again, we
sre forced to sssume that auy walue of central pressurs thet has occurred
at 33°W latitude could slse eccur te the south, at 29'N latituds.

Cheice of PR centxal Pragpurs, The Leber Day Hurricane ia the Florida
RKeys i» vo far out of 1 dats that its probability
in

ine from
of oceurrence is very likely no bet thaa & thowsand yesrs. There-
fore the value of 26.50 inches ot the Louis Coast is not suggested in
the FHE considerations unless an extremely iow probability valewe is dasired.

The other considerations discussed, plus the case st 33°R mentioned
sbove, yield a lowest value of 26.99 {ughes (assuming nature is capsble of
a value slightly lowsr than has ever occurved, taking latitude and other
factors into comsideration).
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Thies central pressure would yleld wind speads that are sbout 1L14%
of the SPH wind spaeds.

too slight to be a veliable guide in MM criteris. The radius of
saxioum wiad for the l-ﬂ-llbctkt-tuncughﬂynrgu
than that of the large radius SPH.’

Foreazd apesd. Forwerd speeds [rom about 5 30 or 35 knots ave
scceptable for the FHll. Spesds above this would isply inflow conditions
resulting in higher cemtral pressures.

Couclusigns. It is comsidered that the most ressonsble soefficient
to convert the 5PN f{sovels to an MPE comnt 1s 11410 For example, the
100 sph SPH fsovel becomes 114 mph, ete.

For the radius of maxismuwnm winds, it is suggested that & vaiue squai
to, or slightly larger then, that of the SPH be used.

Any forward epeed of translation between 5 snd 35 knots 1s meteorolog-
ically sccasptabie.

Charles 5. Gilman, Chief
Hydremetsorclogical Sectien

Attacihments

ce: 5 with att. te OCE
2 with att. to BEB
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UNITED STATES DEPARTMENT OF GOMMERCE
WEATHER BUREAU
WASHINGTON

CHIEF, U. S. WEATHER BUREAU
WASHINGTON 258, D. C,
AMD REFER TO

June ]:9' 1958 IN NEPLY. PLEASE ADDRESS

0-6.12

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

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

REFERENCE: OCE Memorandum, March 17, 1958

Introductiop

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 nade as an aid in 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 across 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 CS5T and 0600 CST
September 24. Comtinuing northeastward, the center moved inland near Val-
paraiso, Fla. about 1700 CST September 24.

Pressure

Central pregsure. The storm deepened slowly as it moved northward
across the Gulf of Mexico. At about 1600 CST September 23 when the storm
was centered 130 nautical miles south of New Orleans, La., & reconnaissance
flight reported & central pressure of 29.06 inches. On the early morming of
the 24th at the time the hurricans center moved across the Mississippi Del-
ta, the central pressure was computed to be near 28.30 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 from a ship that passed within the eye of the storm about
0900 C3ST September 24. Later on the 24th, aircraft reconnaissance re-
ported a minimus 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 .ya at Destin, Fls. also observed a atniuu- pressure
of 28.!§ inches.




Asymmetry of the pressure 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 to 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 C5T as the ninimum 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 formla 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. Observa-
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.

¥ind
V Data. Isovel patterns were constructed from ship observations of wind .
speead, wind speeds observed st coastal stations sad adjusted to 30-ft over-

vater speeds; and over-water wind speed profiles computed from pressure
profiles in the forward sector of the stor-. .

Composite wind lgcgg chart. To dotcr-inc 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 cosstal stations, & composite
chart of wind observations was censtructed 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 Beptember 23
to 1230 September 24 were plotted showing the position of the observation

from the storm center in relstion teo the direction of forward motion. Isovels

were drawn to the data with extra weight being givcn to the observations
made at 0000 CST September 24 and later.

Considersble swmoothing was necessary im analyzing the ship reports be-
cause large variations in speed were frequently reported within a small
area. These variations msy have resulted from squalls in the area which
affected only part of the ships, from observers overestimating or umder-
estimating the wind speed, differences in the actusl times of the observa-
tions, and trensmittsl 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-
vater 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 coneiderably 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 circulation in this sector was reinforced by the sub-tropical
High. As a qualitative check on the validity of the wind speed observa-
tions in the right sector, gradient wind spesds for that sector wers com-
puted. The computed speeds in the right sector remained higher than the
computed speeds in the forward sector beyond 60 miles from the center over
the distances compared. Both the stronger pressure gradient and the larger
radius of curvature of air parcels in that sector would lead to highcr wind
speeds.

Defl on 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 s plot of deflection angles from ship reports at 1200 CST, 1800 CST
September 23, 0000 CST and 0600 CSY September 24 and from reports from Burr-
vood, ba. 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 applicabgo in the northern portion of
the hurricane north 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 950 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 comsistency 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
betwveen 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' vwere determined by streamline analysis of observed wind
directions. These derived wind directions are indicated by heavy arrows
on the isovel charts. -

Observations at coastal stations were taken on the half hour and
ship observations were made on the hour. The position of the hurricane
canter is indicated at the half hour on the isovel charts, figures6-12.
This difference in the tims 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 1is not considered significant. All data shown in the com-
sposite 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
PARAMETERS OF m‘sirmma 24, 1956 HURRICAME NEAR BURRWOOD, LA.
‘ l'o, Ceantral pressure (inches), 28.80%
Pn’ Asymptotic pressure (inches), 29.97¢
v , Maximum gradient wind (mph), 74%%

8x
)
R, Radius of saximum winds (nautical miles)

Computed 30%
Observed 22

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

At Burywood, La.
Lowest observed pressure (inches), 29.03

Minisuun distance from station to storm track (nsutical miles), 17

*Computed from the exponential profile based on the best fit of the
following formuls to the cht:a

-R/r
P-P o0
Pn-Po

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

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

/
4

2""‘i | 3

et (A %/WWM
z{tharlu S. Gilman, Chief

/v Hydrometeorological Sect{on

Copies
10 to OCEB
1 to BEB
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

IN REPLY. PLEASE ADORESS
June 19’ 1958 CHIEF, U.S. WEATHER BUREAU
WASHINGTON 25, 0. C,
AMD REFER YO

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 Mississippl 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 Louisians coast. The center crossed the Mississippi
River Delta between Buras and Burrwood, La. between 0300 CST a&nd 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 storm
was centered 130 nautical miles 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-
portad 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 pressurjiii
of 28.76 inches.




7 - ASYamesxy of the presswre field. The pressure distribution around Co
the hurricene was asysmetrical. The strongest pressurs gradieut nesr the e
center, but beyond the radius of maximum wind, vas in the forward sector.
The pressure gradient wes weakest south of the center. 1Im the right sector
of the sterm, at a diitance of 100 miles from the center and beyond, the
pm.nu gradient was greater than the gradients that occurred at this dis-

¢ in the other direstioms (figure 2). The proximity of the subtropical

to the northeast probably contributed te the llucr pressure grmmt
in this secter at a distance from the center.

; mm. Figure 2 shows pressure profiles in the forward
sactor of the sterms at 1830 CST September 23 using the reconnaissance ob-
servation of 29.06 incheg st 1600 CST as the nminimum pressure and for the
period from 0000 C5T te 9930 CST September 24 when the storm had deepened
and developed hurricane force winds. Beyond 35 milss from the center the
two visually-fitted curves coerrsspond well <o pressure profiles derived
from an exponential formula indicated by dsshed linas. Ships observations
of pressure in sach qusdrant 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 eh right sector from ths distribution in the forward secter. Observa-
tions at Burrwood and New Orleans are also plotted on the chart. A curve
hiis been visually fitted te the observations in the right sector te indicats
r.h probable ucza;a tlopo of the ’tum. profile in that sester.

- m_,. Isevel patterns were constructed from lup obsesvations of ’vm

profiles m the tomrd sector of the ttmm

. To d.tcmtnc the features of thc vtnd
pqrt“ at S-hmly iunrnu by the th&” and coastal -uticmn. a cupostto
chart of wind observations was constructed and analyzed (figure 3). A num-
ber of ship reports and wind speeds ebserved at coastal statioms and ad-
justed to 30-ft ovsr-water speeds for the period from 1200 CST September 23
te 1230 Saptember 24 were pletted showing the position of the observation
from the storm ceater in relation te the direction of forward motion. Isovels
wire drawn to the data with extra weight baing given to the observations .
u“ at 0000 CST September 24 and later.

Considersdble mothtng wAS negessary 1: mlynns the ship roma ho-
ceuse large varistions in speed were frequently reported within a small
ages. These variations may have resulted from squalls in the erea which
affected only part of the ships, from observers overestimating or umder- ,
edtimating the wind speed, differences in the actual times of the ‘ma-
tfoms, and transmittal errors. L




‘!‘ho leiml umnll in the right side of the stom vers blud latgely
‘ob the swtographic wind speed records at Burrwood, La. In the left sector,
the maximum isovels vhere the dats were lacking are based on 30-ft over-
water speeds computed from pressures, (figure 4). The 0000-0930 CST Sept-
ber 24 mean prassure profile in the forward sector (figure 2) was used for
this purpose.

MW The composite wind speed pattern (figure 3)
is quite asymmetrical. Speeds are considersbly 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 circulation in this sector was reinforced by the.sub-tropical
High. As a gualitative check on the validity of the wind spded observa-
tions in the right sector, gradient wind spesds for that sector wers com-
puted. The computed spesds in the right sector remained higher then the
, computed speeds in the forward 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 htzhtr wiad
speeds.

Deflection 208 1e - p BN

A composite wind deflection angle (the angle between the wind dirsctios
and a tangent te 2 circle sbout the center) pattern over open watar was pre- ,
pared from & plot of deflection angles from ship reports at 1200 CST, 1800 CST
Ssptembar 23, 0000 €8T and 0600 CST September 24 and from reports frow Burr-
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 maximm wind de-
flection angles of 20° were assumed because of a limited number of reports.
The deflaction angle chart is not spplicable 1o the northern portion of
the burricane nerth of 29° 30'N latitude just off the Nississippi, Als-
bama and northwastern Florids ecoset. Deflection angles in that portion of
the storms were massx 90 degrees.

Isovel charts st 3-hourly istervals were constructed for the period
from 1830 CST September 23 to 1230 CST September 24 (figures 6-12). Where
cbservaticus were available, 1isovels were drawn to the observed speseds.

This analysis was then compared to the composite wind speed pattern (fig-
ure 3) for comsistency sud for aid in constructing the isovels where there
were no observations. The wind speed profile computed from the pressure
profuo at 1830 CST September 23 in the forward sector of the storm (fig-
sre 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 interpolated
between the 1830 CST patters and the 0030 CST September 24 pattern, At
0330 CST and 0930 CST Septesbex 24 vhen little or no ship obsexvations: .
were avsilable, the conpesite wind speed chart sdjusted for coastal ob-
servatiens and for comtinuity with adjacent patterns was ussd to construct
the isovel pattern over ﬁlu 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 anslysis of observed wind
directions. These derived wind directions are 1ndicuted by heavy arrows

on the 1:0?01 ch&rtt. :

: Observations at coastal stations were taken on the half hour and
thip obsarvations 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 tims of the ship observation and the chart time
caused the ship obscrvatians 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 ohservations nsar the center this
displacement is not considered significant. All dsta 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

PARAGTERS OF THE SEPTEMBER 24, 1956 HURRICAME MNEAR BURRWOOD, LA.
W pressure (inches), 28.80*% | ‘ | .

i’ a’ Asgugtotic ’pr'utur. (1nchu); 29.97%

lllxim gradient wind (nph), Tiwe

8*
l Radius of asuinue winds (nautical miles)
‘ Computed 30%
- Observed 22

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

At Burrwood, Ls.
‘ Lovest observed pressure (uchet), 29. 03
m éu&ancc fra- amiom to storm track (nmt!.cnl niles), 17

: 'ee-pntd from the axponantial profuo baud on thc best fu of the

iolluing formula to thc data
o ' -R/x

~§’ T ) ’ - P ’ ‘ )
4P 1s the pr the tedius of meximm vinds, -

e at tlltut r, &
; 11, and 1' tht mtoue ytum-. ,
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

Maxrch 24’ 1958 IN REPLY, FLEASX AQORERE
CHIEF, U. 8. WEATHER BUREAU
WASHINGTON 28, D. .
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
o 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.

///’ 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

-

.* % Weekly Weather and Crop Bulletin, U. S. Weather Bureau. Vol. XVII, No. 26a

/

ek




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 hurricane 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
9 . e
P-P
n o
where P_ = central pressure, P_ = asymptotic pressure, R = radius to area of

maximum winds, and P = pressurg 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 progile 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 gre&ter, the exponential cuxve de-
parts from the visually-fitted curve.

A 70-percent confidence interval about the central pfessure ag 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-water’wind speed and direction pattern for the hurri-
cane when it was off the Texas-Louisiana coast is shown in figure 4. The
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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 stations 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). .

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, S. 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..

Adjustments 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 1ntensity
of the storm.

Adjustments for filling after landfall of center--The wind speeds ob-

#nged at the coastal stations after the storm center had been over land and
“f11ling had occurred were adjusted upward to assumed corresponding values
before landfall. The adjustments were by the factors in the following table

~‘adapted from a study of average filling rates for 11 hurricames.

PN



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

'Time (hours) , ﬁdjustment Ratio for Wind Speed

T (at coast) 1.00
T+1 Q 1.08
T+ 2 1.14
T+ 3 1.18
T+ & 1.22
T+ 5 1.25
T+6 1.28
T+7 1.32 ‘
T+ 8 1.35 ‘
The time selected for T (landfall of center) was 0900 CST June 27, \"

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 msximum of over
100 mph in the right sector.

Radius of maximum winds

A radius of maximum winds of nineteen nautical mdles was compnted usins"~
the exponential formula from the preceding section. This value is gsuppos
by observed data. Neither Lake Charles, La. nor Port Arthur, Tax.,
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 the station. Their peak winds occurred about the tﬂn@ﬂﬂm&
passed closest to the statibn (figure 3). This would indieate"‘ 4
at or outside the radius of maximim winds. The wind eye at the

ported to be less than 15 miles in diameter.* The U. S. Coast &

Sabine, Tex., 15 nautical miles west of the track, reported i
‘winds as the center passed by, and at Cameron, about 20 nautical nﬂu‘
~ east of the track, the Coast Guard reported that there was no decréase in
speed. 'rhu:efore it is reasonable to assume that the average radius of max
,igum winds vas within the area defined by the minimum diltancc of Lakgw‘, A

* 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 pattern 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 sh?wed 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 ]
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 tenders and to
find an empirical relationship between sustained over-water speeds and over-

. water peak gust speeds. Fouxr oil barge tenders adrift southeast of Cameron



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.

.Observationg-~A chart showing the estimated courses and hourly posi-
tions of four Continental 0il 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. 1t 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 \dlﬁ
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 Junme 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-
tance of the observation from the hurricane center. At the same distance .
from the storm center, the speeds: raported by the tenders are compa:
the peak gust speeds recorded by the Vinegaroon. 'For sustained winde

‘50 mph or higher, ‘the peak gusts near the center of the storm average
50 percent more than the sustained winds. Speeds reported from the ¢
tender are comparable to reported peak gusts on the Vinegaroon.. It

‘~£1:nc¢ th:t”thc tcnecr‘a wind- spaedn were peak. guat spgeds.«,'

: Burri&hne paramctern obaerved or computed for hurricane Andrey béuihq?7f
~ methods described in Hydrometeorological Report No. .32;are listed below. :

‘L
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- ; /ﬁ\ Fal

Hurricane Parameters

Central Pressure, Po .~ Asymptotic Preasdte, Pn
{inches) (inches)
' Computed Obsgerved
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 Distaﬁce from Station
and, P, torm Irack, ra

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
maximum winds (figure 2) is 82 wph. - 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-

- "' ical Report No. 32.

Charles S. Gilman, Chief
o Hydrometeorological Section
Coples:
10 to OCE
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Figure 4. COMPOSITE WIND SPEED PATTERN OVER WATER
IN THE VICINITY OF TEXAS-LOUISIANA COAST
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UNITED STATES DEPARTMENT OF COMMERCE

WEATHER BUREAU
WASHINGTON

Decaber ) 195? IN REPLY FLEASE ADDRESS
? CHIEF, U § WEATHER BUREAU

WASHINGTON 25,0 C
AND REFER TO

0-6.12

MRAHDIM *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 Area, Zone C
(Texas Coast)

References: (1) Telephone conversation, Messrs. Myers and Nunn, Nov. 1,
1957, regarding Standard Project Hurricane &sovel patterns
for a high rate of translation for Zones B and C (US.
Gulf Coast)

(2) HUR 7-45, Standard Project Hurricane Parameters and Iso-
vels, Gulf of Mexico Area, Zone C (Texas Coast)

This memorandum contains sn isovel pattern for a Standard Project
Hurricane in Zone ¢ with 2 high speed of translation as requested in ref~
erence (1).

Isovel chart

A synthetically derived isovel chart for s Standard Project Hurrl-
cane with a centrel pressure of 27.42 in. and a high speed of trenslation
hae been developed for Zone C off the coast opposite Corpus Christi, Pex.
This was done by imposing a 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 (0.97)cos a where T was the
representative high speed of tramslation of a Standard Project Hurricane
in Zone C, 28 knots as shown in Table 1 reference (2), and a the angle
between the direction of forward motion and the wind direction.

A pattern showlng the stromgest winds in the right rear guadrant
vas selected as that most likely to occur by at lesst two authors. Issac
Cline in his book "Propical Cyclones” states that "the wind velocities
are much greater in the right half than in the left healf of the cyclone




- ~ N
‘ ( P
area, and the greatestsustained wind velocities occur as a rule in the

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

" in the standard isovel pattern. To represemt the many patterns that it
would be reasomable to expect in Zone C, the isovels in the attached figure
may 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 extending outward from the wind center,

Variatian of forward speed

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

"~ Other factors

Comments on variastion in the radins of maximm wind, applicatiom to
other Zame B looations, wind direction, the critical path, and adjustment
far £illing over land may be found in referemce (2) to which this memorsn-
dum 1s supplememtary.

Charles 8. Gilman, Chief
Hydrometearologiocal S8ection

Attachments :

.12 copies to OCE vith attachments
1 to HEB with attachments .
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

OGtObﬂ' 16, 195{ IN REPLY, PLEASE ADORESS

CHIEF, U. §. WEATHER BUREAU
WASHINGTON 28 D C.
AND RL¥ER TO

0-6.12

MEMCRARDUM 70 CORPS OF ENGINEERS

HUR 7-4h

FROM : Hydromsteorological Bection

SUBJECT: Standard ProjJect Hurricane Isovel \Pattarns » Horfolk area

References: (1) Notes on conference an Hurricane Investigatiom Under

P.L. 71, Downtown Norfolk area, Sept. 10 and 11, 1957

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

(3) HUR 2-3, Hurricene Characteristics, Atlantic Coastal
area, June 18, 1957

(4) HUR 7-43, Standard Project Hurricane Criteria and Isovel
Patterns, East Coast U,83. Zone 3, in preparation

This memorandum shows 1sovel patterns for a Standard Project Hurri-~
cane (BPH) along a track critical for the Norfolk areca. .

Track

The track, which 1s shown in figure 1, wea proposed in conference
(reference 1) and is critical for the Forfolk areca. In all observed cages
of wind-caused high water near Borfolk, the wind direction renged gemerally
from the northeast quarter. For an wnusually high surge at Horfolk, the
Hydrometeorological Section has been adviesed that sirang winds mmst have
a component 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.

md Sgeed.
Derivation of isovel pattern

The basic synthetically derived isovel pattern for rome 3 is described
in reference 4. In order to show the strongeet 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 moet
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 variastions in individunal tropical jtorms that 1s most
critical for Norfolk. Further Justification for placing the strongest
vinds to the northeast in the Norfolk SPH 1s that the maximm extent
of strong winds is usually in the direction of the major anticyclome
in the area. Such a track as shown in figure 1 would likely be as-
sociated with an anticyclone extendimng northeast of Horfolk, Va.

Parameters
The isovel charts were developed with the following characteristios.

Table 1
50=f't. over-water
Figure No. Py Radius to Reglon Forward Speed Max. Wind
of Max, Winds (mph) (mph) *
(_Hun. ll-)
2 27.55 34 23 104
3 27.55 34 23 104
k 27.55 34 23 104
5 27.55 3k 23 104
6 27.55 34 23 104
7 28.07 34 23 97
8 28.27 3k 23 9e
9‘ 28,44 34 23 88

*Baméd on formmla, Vmax = 0.865 Vgx + T/2
where Vgx = maximm gradiemt wind

speed and T = forward speed of storm
center 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 warramted. The
wind pattern wes compiited for a forward speed of 23 mph and can be used
for forwerd speeds ranging from 12 to 50 mph.
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¥ind Direction

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

Table 2

Wind Direction

Radius Deflection amgle®*

R to cemter 20°

R to 1.2 R ; PTransition 20° to 25°
1.2 R and beyomd 25*

*Angle between true wind direction and a tangemnt to a cirels with cemter at
the wind cemter.

s ,Charles 8. Gilman, '
/ logical 8 on




" s
- oy A*Y"
o HAR sCs)o mv ' o
. suOgmor L 10 8
‘lllij.lll‘ltll 'AJLlll}llllllkllLilillil‘l’li%llllli!tl 1 341 ’ m.
s ; 1 T B e ‘do
L__F N - h ¥/ Al
bm{ ,Ik,/"-\—w‘ ‘ y
s [ /J e nosl)
S A o
. ~ . ! .
F /’5" 2, .:. ) ”!/f/,,./[
. . . we TN - t,, M
O 4 \\\\\\%d""’ S Sy,
- ‘ \\\ f" ////
- . \\\A m ! s 8 /f/ »
:’j \\\\ AL M i) 27 4 o : ///;,
- J \\ . A .“ e ) ///‘
X\ N oave ™ A, . //. &,
. E RN Q. X ‘ ’/'/ :
) F_ ' §\ 418 \\' . //
u ‘3 LA o ///
» - N \ 7
jzp/\)‘( C- ‘:\\ '5 N\ Tiguren) g
RN N N wogouid 10 Teovel et '
- mau}\ O ' g {rostilen seshere ol
e AL ae oar. g PRSI : .
o) <N [s) . ‘1’*
. . F . 3 : -
3 X 3
=t DAN ; _ - -
TTRSE o o
wy [ { - . ’
~0) 30 - "
: 3"—?’" nov '5' ce ar
= % \
L o s 306 .
el HAY, R
S , AL L
= - S o f =
3§11lullJllllﬂl!lllll(t!l’l}hllli k';-""";%" g5 1
‘“ :m_'- . l “1 / :
= F\ q =% -
— b ~ [#] ’ :—
o :- BAM o -
% R \ . B . 2
- : L sl
e 2F | , : 3
\/ﬂ: e - e <
£ - - e yigue 3 o~
2 2 - s e I
A:./,; 3 " - ‘ R poIx WA §
& ) . : + o N
b i, & i o >
"7, S
v ' 7/, 7 \\\
5 (//, ' N
ol %, SN
o o /// RN .f
B 'y . - RS
_. - Y& Iy v o W
- e A1, "y, ) ) _“\\\\\\ .
- -~ "””]“”l”“}“'”\mt\__v -
- IR o o .
- . g
ol ’ r -

G T




S

512 ;
PIT i oIt
20 3 =

Fou (O

;Iul_ll!ll|1lli1|Il:l;].lx;lllllllll

L4
£ N\
A
N\ ove
.-
6
AN
“\
(8]
(o]
410
BxT
O
o
iy —---‘_‘—\- ——
e RMT
0 o
306

@]
699
/I'
}437
b Ay
///”
/y,
.'/ =
¥4 nyx;

f”/f ] - km\w‘\\\\\\\‘.,,
/ \
L ]””’HII[HI.‘\L”"- A

80"

ilulllm“

T T Ty

T ll_lr_l

TS 11

T 1911011

UL |

[T

[/

_/ ]
’,J"

L L L

LU B LR L S L




=

AI-IIr1I'ii|!111I|11||r||lll|llI!JlIJ

s

gl

L L 5

il

|

E
r']'l|iEIIIIlIIqTTII|IIlllFI[I|I"':1IIII|:-T!.|||1[[[TTFI‘]_T{I||-T_r'[r||l—[|(‘7i'.’1]'




_}- e
-|"_f;l]l|x;r|!1||.!1;11E|“l:|11-‘
| | :
T
< :
o 2
/{/ L
< C
”~
A
- S -
-
- -
= ,
= B
—3 =
\ \ = L
—% I
= L
1§||1;!|rl-k_1t!||j_14 .
= -
N a
= __Fo
3 u
3 E
Ny o L
X2 b
o~ =
S L
B L
SN o
Winds Aty e = == s
\.\\ i
o [
) ¥ 2°
7s, WA ':
/{./ . . \\\ L
2 /-"j ' R .
L, W - :
i, \\\\\ L
"'J'_.' A\ B
o f}’””/““ i - H\“\-l\\\\\\ W 2
\
£ [m'.mpn\l . 5
L= 170" -




&

—4
=

s

=
—
" Rpu ns*r -

mo =%

=

E

i

—3
=
I o Bedmm b, =)
i Forvard Spesd = 23 WP 5‘ ki
.9, B @ - Wind Certer ‘S"“
B -~
= ~
L &
- Q
g

B S
: \\\i

¢ 750 \\ &

/// - \\\

%{////// % : \\\\ .‘

‘////’/ ___ \\\\\ 5
7y - W
g f/f” E \\\\ e
’/m,:“ : \\-.\\\‘\
I =
200+ ”/””'””IlHIUHE\““\ Y
e 1mo* _‘#




s12 -6' O
BSi
o A0O
o) ug
511
il ,-.a...‘l..,.l_..ql:‘T..H

|

\

lllllllllll_\illlli

(14 "
7]
MM
N
o =
= .
9 i
m b
= N4
% ¥ \\\\ X
’H/// L \\‘:\
iy = &
. 7 B Q P
///// [z \\\} \
. 8 .\\\\;
20, //N!;f” o \\\\\\\\‘ \
1 - \\\\
*" M“’”"lflll’|1||l|m\““\ -
L .o v
P



- P\
- atu ¢ iy
512 () O _
2
) o AGO ncn)q
g © "6" 510
.L-LLJ_LLA.Il'l‘l“‘lilIllllllslllllloiulnl.‘rllilllllllIIHE i ||1||11l'[illll\l‘l'llllglllll}
! I | "‘"l- ! | |
e e g _ W 408 f O
'Wr g :m _‘ft G
! MRE O &5 ;
[./’/_/ :\O BAL AP ﬂ'l Nes
/rnn\ o mO |||| < :
‘ Vi - e o7 O ”’l!!::"
/ 7 \‘\-..\“\ el fo ‘ﬁi' o f‘(-"/ .
AN\ - 2
W o d 2 = //
I 95 ///}/ .
////
Py
- ////

1
7
N

=3

S ’_.-; 1llltiIullllilgllllllllllllll
) Sy d iy~
1, I WIND SPEED (MPE)
I at 30 foet over watar for
faa = STANDARD PROJECT HURRICANE
N O - BORFOLE, VA, AREA
b Radios to Heglon of Marimm Winds
o o= = 34 Nagtical Milee
3 A
[e) =
m =
E N
= " .Q\
- \\
. D
- N
- Y 7
75. \'\ -
’ S N
// \\\
/7 [ \\\\
« //// : ™ \\\ w
;// H__ \\\\
¢’/f//,/ - \\\\\»
oy - \\
e /”f,"“"f””l”“l”"f““\ W
oo L :\#
e e it



N P
\ 0
A7
. .
()
99
v
v, .
//53;
be /
////
/
‘0. .////

////

’

///, .o . T .
,/“”IIIHI|||||||| ‘\\“\\\\
o e 170"

L
t .
Ll'lll‘l'Il_llILlllli'lll‘JllLllLlllllll_ll
7/, -
/) », S
2/ -
//// -
/// B N
v/ I
7, L
% -1
72 N
1||..~‘ e -
// -
- |
. = N
- N
A N
-
- =t
= [
= -
- ol
-4 -
= -
: .+
- n
Lllltlj{nill]“ll"lnxlnng—l!nll_nLl-
Figmwe g 5 N
2R S -
STARAD FROIRT MRS IC = "
MOWOIX, VA, Apps = s
Dd.t-bmc:-u-n." = =
= 34 Nautioal Niles < T
© - Ving capn, D 1Y < .
S ¥
NS [~
S L
NY C
~N i .
N -
N C
-\i -
N 0
N o
\\\\\ n*
\
\\\\
AN
W
\\'\\\J
W




wl
'i

//,//

il
g}gﬁ ™

E]mrhm/u
*iE!II]I,lI,

h
|

N

e
2020

™17

= \\\\m’mm

og

Ilfll]llll‘ll‘il‘ll]lll

g

e

/o5

",

7

3

= . ]llll‘(lil‘llll[llllllilllllll“ll_‘l_.‘

Z,
&
7
"//\
/; -
i~
-
-
~
=4
-
-
-
-
-
-
-—
=
Wiads ot
- Forvard Speed » 25 WP -
- @~ Hind Cemte =
t-nufnnlunixn:}nll1“1:1'}uu.1|1|‘\
u =
: =
N i =
™ ~—
. —
- el
B ad
o I
= —— -~
Y
N S
' _:\\
: Q\“
» RN ] )
I S -\\
5 X
A\\
- N
- X
i‘ : \\\ ~
.\>\\
N
Y
. NV
‘\\\\ .
W]



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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Table 1

PARAMETERS OF SYNTHETIC HURRICANES IN ZONE C

Location
Zone Mile Lat. at Near City or CP1 Radius of Forward Speed Representative*
(From fig.5 Coast other landmark (inches) Max. Winds (Knots) Hax.?ind Speed
HUR 2-4)  (Deg.N) (Nau.miles) mph)
ok

RS RM RL ST MI BT Vg Vy

& 420 30 Port Arthur, Tex. 27 .54 Ik 27 & 115128 109 100

360 Galveston, Tex. 27.52 7 14 26 & 11.; 28 109 101

29 —

300 29 Bay City, Tex. 27.49 5 13 B 4 11 28 110 101

240 28 San Antonio Bay, Tex. 27.45 6 13" 2% & 10128 111 102

180 27 Sarita, Tex. 27.38 B¢ 32 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 and forward speed of 10 knots (12 mph). Varies slightly with changes in these
parameters

CP1 Central pressure index

RS Representative small radius to region of maximum winds

RM Representative mean radius to region of maximum winds

RL Representative large radius to region of maximum winds

ST Representative slow speed of translation of hurricane center

MT Representative moderate speed of translation f) hurricane center

HT Representative high speed of translation »f hurricane center

**Vs! Maximum theoretical gradient wind computed for each CPI by use of fig. 13, HUR 2-4, with P = 29.92 in.

Vx Estimated 30 ft speed in region of highest speeds, computed from V, = 0.865 Vgx + 0.5T where T is

forward speed in mph (T = 12 mph)




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 CPL

The isovel pattern, figure 3, was constructed for a CPlL 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 CPl'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 ™
27 .55 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
¥
Fdl‘tos for (T) Forward soeed of /0 ﬁn-l’a, ,c'}j 1

Variation of forward speéd

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 CPI 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 patternms
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 20 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-
canes 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, Natiomal
Hurricane Research Project Report No. 5. Maximum 30-ft wind = 0.865 'gx
where Vgy is the maximum gradient wind.

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, takem from Table 4, HUR 7-43, which
are based on the time elapsed since the storm center crossed the coast.



Table 5

FACTORS FOR REDUCING HURRICANES FOR FILLING OVER LAND

Time (hours) Adjustuent ratjo for wind speed
T (at coast) 1.00

T+ 1 ' 0.93

T+ 2 0.88

T+ 3 0.85

T+ 4 0.82

T+ 5 0.80

T+ 6 0.78

T+ 7 0.76

T+ 8

0.74
The factors in Table 5 will yield speeds for portions of the

storm that sre still over water. Further reductions would be required
to ebtain the speeds over land. ‘

Charles 8. Gilmen, Chief
Rydrometeerological Section

8 copies to OCE . | ‘ EN
1 copy to BEB ' R
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FIGURE 3
STANDARD PROJECT HURRICANE

30~FT. OVER-WATER WIND SPEED FOR
LARGE RADIUS (RL) AND MEDIUM RADIUS [RM)
RURRICANES, ZONE C OFF CORPUS CHRISTI, TEX.
FOWARD SPEED 10 KNOTS

(HUR, 7-45)
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UNITED STATES DEPARTMENT CF COMMERCE
WEATHER BUREAL!

WAEHINGTON

Octobor 21, 1957 oMar Vi BAST 4DGRAESY

Ll
CHIEF, U § WEATHER BUREAU
WASHINGTOMN 28 D C
= mirEm *

0-6.12

MEMORANDUM TO CORPS OF ENGINEERS
HUR T7-43
FROM : Hydrometeorological Section

SUBJECT: Standard Project Hurricane Criteria and Isovel Patterms, East
Coast U. S., Zone 3

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

2. HUR 2-1, Frequency of Central Pressure Indices Along
Atlantic Coaet, June 18, 1957

3. HUR 2-3, Hurricane Characteristics, Atlantic Coastel
Area, June 13, 1957

L, HUR 7-33, Hurricane Criteria for East Coast of United
States Comparable to Lake Okeechobee 8tandard Project
Hurricane and Isovel Patterms, June 20, 1957

5. Partial Definite Project Report, Cemtral and Southern
Florida Project, Part IV, Supplement 2, Section 2,
Deelgn Memorandwm, Hurricane Winds Over Iake Okeechobee,
Jaclksonville District Engineer, Dec. 31, 1953

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

Hurricane parameters

Characteristics of extreme hurricanes consistent on meteorological
grounds from point to point along the Atlantic Coast were explained and
specified in reference 4. These characteristics pertinent to zone 3 are
listed in table 1.
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Table 1
STARDARD 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 27.65 7 18 0 % 13 30 104 100 110
34 2760 7 X 37 5 15 ¥ 105 101 @ 1
35 27.56 T ar 3 5 17 38 107 103 112
35.5 27155 T 17 3% 5 18 L 107 105 112
36 2155 T T 3% 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 winds
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 center
MP Representative moderate speed of tramslation of hurricane center
BT Representative high speed of tramslatiom of hurricane cembter ~
T Speed of tramslation of hurricane cemter
vgx Maximm theoretical gradient wind computed for each CPI by use of
figure 7, HUR 2-3, with P, = 29.92 inches
V, Estimeted meximm 30 ft wind speed. 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 & 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 Mnots (20 mph) and 35 kmote (20 mph) are shown in figures 3 and 4.
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A pattern showing the strongest winde in the right rear quadrant was
selected as that most likely to occur, according to at least two authors.
Isasc Cline in his book "™Propical 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 a rule
in the right rear guadrant.” L. A. Hughes has summarized a large number
of reconnaissance flights ("On the Iow-lLevel Structure of Tropical Storms,"
Journal of Metearology, December 1952) producing the best and mose defini~-
tive composite low-level wind speed pattern yet awvailable., The strongest
winde are in the right rear gquadrant 1n that pattern. Many varietions may
occur in the standard isovel patternm of figures 3 and 4. To represent the
many patterms that would be reasonable to expect in zome 3, figures 3 end
4 may be rotated with limite of 100° counterclockwise and 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 BM or RL colunms of table 1 may be substituted
as the distance scale.

Variation of CPI

The isovel patterns of figuree 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
27.55 1.00
27.60 0.99
27.65 0.98

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 independent of CPI and R. Fast-moving hurri-
capes are believed to have a greater asymmetry of their wind-speed fields
than slow moving starms. The highest speeds are moet 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 & 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 MI 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 & tangemt to a circle with center
at the storm center.

Critical path

The path for a projJect 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 azimmth 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 tropical 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 a 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 LAND

Time (hours) Adjustment retlo for wind
speeds
T (at coast) 1.00
T plus 1 95
T plus 2 .88
T plus 3 .85
T plus b .82
T plus 5 .80
T plus 6 .78
T plus 7 .76
T plus 8 T4

The above will yileld over-water speeds In portioms of the storm that are
still over water. Further redunctions 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-
dnction of speeds at the 30-ft level by frictiom may be approximated as
followe: redunce em-shore wirds et the shore to 0.89 of the over-water
value; accomplish this reduction over a transition zome of two or three
miles. For off-shore winds, at the shore reduce to 0.70 of the over-water
valune, 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
Hetteras was the hurricane of September 1%, 104k, Hurricane Hazel of 1954
was the most severe hurricane to strilke the Carolina coast in the southern
part of the zone. Paremeters 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 Edoa 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 Edna was also a severe storm at that latitude.
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Table 5
PARAMETERS OF SEVERE HURRICANES PASSING THROUGH ZONE 3

Date latitude CPI R Forwerd S Mex. 30' Wind
(deg, N) (Inches) (nant. mi (zph)

Sept. 1k, 19hk 35 27.88 hﬁ 23 107%

Oct. 15, 195k 3k 27.66 1 26 90

#*estimated from pressures distributiomn.

./ .’

. #Charles 8. Gilman, Chief
Hydrometeorological Section
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FIGURE 3
STANDARD PROJECT HURRICANE

30-FY. OVER-WATER WIND SPEED FOR

LARGE RADIUS (RL.) AND MEDIUM RADIUS (RM)
HURRICANES. ZONE 3 AT 35.5° N, LAT,
FORWARD SPEED 17 KTS. {20 MPH)

{HUR. 7-43)

30MPH

5R

6R /

Distonce Scole in Terms of

Radius to Regian of Maoximum
Winds (R} (See Text)

x Wind Center
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Figure 4

STANDARD PROJECT HURRICANE

: 30-FT. OVER-WATER WIND SPEED FOR

i i LARGE RADIUS (RL.)AND MEDIUM RADIUS (RM)

Direction of HURRICANES, ZONE 3 AT 35.5°N. LAT.
FORWARD SPEED 35 KT. (40 MPH.)

i‘ Forward Mofion
i {HUR, 7-43)
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

GOTHBEF™ML, 1957

i REPLY, FLEANE ADDRLSS
CHIEF, U. S, WEATHER BUREAU

wnm:m.ﬁ;n_ c.

70 : M. A, L. Cochran, Civil Works
0ffice of Chief of Engineers

Corps of Englneers
FROM : Hydrometeorological Section
SUBJECT: MEMORANDUM HUR 7-k2

MEMORANDUM HUR 7-42, "Stenderd Project Hurricane Parameters and
Isovels, Mid-Gulf Coast U, 8. Zone B, and Standard Project Hurri-
cene Iake Pontchartrein, Ia.” 1s herewith transmitted, This was
assigned in peragraph 11b(}) and 1In(5) of notes on conferemce
?;1%“1'!?11?“ Or.lm, I&., June :‘5-1#’ 195?, on hmm mdiw

It will be noted in Table 3, Parameters of Severe Storms Passing
through Zone B, thet the maximum *0-ft. wind speed for the September 29,
1915 hurricane is listed as 99 mph while the maximm value developed
for this storm in MEMORARDUM HUR 7-39 was 105 mph. The lower valne used
in Teble 3 was arrived at 1y using cne-half the speed ot translation
in the asymmetry factor of the storm instead of the total speed of
translation that was nsed in HUR 7-39. This wind speed value is com~
parable with the 30-ft. wind speed walues in Table 1 which were arrived
at by the eame method Dut would make no appreclabdble diffevence in the
surges computed for Iake Pontchartrain,

Charlee S, Gllman, Chief
Hydrometeorcloglical Section

Attachments
12 coples to OCE with attachmenta
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MEMORANDUM HUR 7-42 TO CORPS OF ENGINEERS

FROM : Hydrometeorological Section

SUBJECT: Btandard Project Hurricane Parameters and Isovels, Mid-Gulf
Coast U. S., Zone B, and Standard Project Hurricene, Iake

Pontchartrain

References: (1) Notes on conference held in New Orleans, Ia,, June 13-1k,
1957, re hurricane studies (P.L. T71) peragraphs 11b(k4)
and 11b(5).

(2) MEMORANDUM HUR 2-4, Hurricane Frequency and Correlation
of Hurricane Characteristics for the Gulf of Mexico Area,
P-Ln Tlo

(3) MEMORANDUM HUR 7-%0, Iouisiana Hurricane of September 29,
1915, transposed to a Critical Track,

() Notes on conference between Representatives of OCE and
USWB, January 4, 1957 re hurricane studies under P.L. T1l.

This memorendum liste parameters and contains a wind speed pattern
for a severe hurricane in Zone B (figure 1) on the Gulf Coast of the
U. S, and a description of the Standard Project Hurricane for lake Pont=-
chartrain as requested in referemce (1). The purposes of this memorandum,
prepared by the Hydrometeorologlcal Section in close consultation with
the OCE, are analogous to Memorandum HUR 7-33 for Zone 4 on the East
Comst and HUR T-U43 for Zone 3.

STANDARD PROJECT HURRICANE FOR ZONE B

Hurricene perameters

Hurricane parameters and characteristics used in thies memorandum are
explained in detail in HUR 2-4, Characteristics of an extreme hurricane
in various partes of Zone B are listed in Table 1l and are consistent on
meteorological grounds from point to point along the coast. The central
pressure index (CPI) selected as represemtative of a Standard Project
Hurricane and pertaining to eash location along the coast was taken from
figure 5 of roference 2 along the CPI curve indicating an average return




Table 1
PARAMETERS OF SEVEERE SYNTHETIC HURRICANES IN ZONE B

Iocation

Zome Mile Near City CPI Radius of Forurd. S Representative®
(From Big.5 or other (inches) Maxrimum Winds ’f Max. Wind Speed (mph)
HIR 2-4) landmark (nau.miles) ) P
E REM RL ST M RT vgz Vg
B 900 Apalachicola, Fla, 27.55 7T 1k o7 L 11 28 108 102
840 Grayton Beach,Fla. 27.58 7 1k 28 L 11 28 108 101
780 Pensacola, Fla, 27.59 7 1 29 L n 28 108 101
T20 Mobile, Ala. 27.60 T 1% 30 L 1 8 107 101
660 New Orleans, Ia. 27.60 7 1% 30 4 n 28 107 101
600 Lake Barre, la. 27.59 7 1 29 h 1 28 108 101
540 Merch Island, Ia. 27.58 7 14 29 L 1 28 108 101
4830 GCrend Chenier, Ia. 27.56 7 14 28 b 11 28 108 102

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

CPI Central pressure index
Representative small radius to region of maximm winds
Representative mean radius to region of maximm winds
Representative large radius to regiom of meximm winds
Representative slow speed of translation of hwxricane cemter
Representative moderate speed of tramslation of hwrricane cemter
Representative high speed of tramslation of hwrricane center
Meximm theoretical gradient wind computed for each CPI by use of fig. 13, HIR 2-k,
with P, = 29.92 in,
Estimeted 30-ft speed in reglon of higheet speeds. Goqutodfrmvz- 08857 + 0.57,
where T is forward speed in mph.
For discussion of the empirical redmction 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.

IHEORES

oy



D =

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 (MP), 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 subtrected 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 distance scale.

Application te other Zome B locations

The maximmm CPI variation in table 1 for Zone B is 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 starms. The highest speeds are gemerally
faund somewhere in the right half of the storm. These two conditions have
been conformed to in developing the pattern of figure 3 hy adding the for-
ward speed factor desoribed 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, 1s appli-
cable for 1/2 to twice this forward speed.
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An investigation 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 patterm
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 ‘Aggg'
Radius 0
1

Pransition 20° to 25°
.2 R and beyond 25°

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

Critical path

The path for a project hurricane 1s 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 chert of past hur-
ricane paths in the zone, 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 hurricamne intensity and path,

Comparieon of synthetic isovels with pest storms

Four of the most severe storms of recard to pase through Zome B
vere 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 £, 1900 passed
sufficiently far offshore that its paremeters were not determined in the
zone. The parcmeters 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.) (lmots) (mph)
Oct. 1, 1803 28,22 17 7 81 (estimate-HUR 7-17)
Sept. 8, 1900 27.6k4 14 10 88 (estimate-HUR T7-36)
Sept. 29, 1915 27.70 26 10 99 (estimate from
Vx = 885 Vgx + 0.97)
Sept. 19, 1947 28.53 28 17 89 (estimate-HUR 7=37)
Bept. 29, 1915 27.70 26 4-12 99 (HUR 7-40)
transposed to y
critical track
(HUR T7-40)

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 0,935

T+ 2 0.88

T+ 3 0.85

T+ k4 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 (houm) Adjustment ratio for wind speed
T (at coast) 1.00
T+ 1 0.99
T+ 2 0.99
T+ 3 0.98
T + h- 0097

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

_to obtain the speeds over land,
STANDARD PROJECT HURRICANE FOR LAEE PONTCHARTRAIN, IA.

The isovel pattern of the Standard Project Hurricane for Zone B,
figure 3, is nearly ldemtical with the isovel pattern for the Sep-
tember 29, 1915 hurricand transposed to a critical track for lake
Pontchartrain (HUR 7-%0) except that the valuee of the isovels in fig-
ure 3 are 2 percent higher than those in the 1915 hurricane transposed.
The Standard Project Hurricane patterm applicable to lake Pomtchartrain
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 is the
forward speed in m.p.h. and & is defined on page 2.

Charles S. Gilman, Chief
Hydrometeorological Section

attachments
12 to OCE with attachments
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Direction
of Forward
Motion

FIGURE 3

30-FT. OVER-WATER WIND SPEED FOR

LARGE RADIUS (LR)AND MEDIUM RADIUS (MR)
HURRICANES, ZONE B, SOUTH OF NEW ORLEANS, LA,
FORWARD SPEED 10 KNOTS,

Distance in Terms of
Radius of Moximum Winds
See Text







UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON 25

Bqtﬂcr 6, 1957 IN REPLY, PLEASE ADDRESS

CHIEF OF BUREAU
AND REFER TO

0-6.12

TO : Mx. A, L. cuh:m’ Civil Works
Office of Chief of Bngineers

Corps of Engineers
FROM : Hydrometeorological Section

SUBJECT: MEMORANDUM HUR 7-40, Louisians hurricane of September 29, 1915,
transposad to & critical track

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

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

Charles §. Gilman, Chief
Hydrometeoraological Section
Attachments
cc: 2 to OCE with attachments
1 to BEB with attechments

1 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

MEMORANDUM HUR 7-40
FRoM : Hydrometeorological Section

SUBJECT : Louisiana Hurricane of September 29, 1915, transposed to
& critical track

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

Hovement glong criticsl track

The hurricane of September 29, 1915, has been transposed to the
critical path shown in figure 1, as adopted st the referesced conference.
This track was quite similar to the one worked up by the New Orleamns
Weather Bureau 0Office at the request of the Hydrometeorological Section.
The hypothetical speed of the center alomg the track was reduced to 4
knots during a2 one~hour pariocd at the point of recurvature. Such a
speed was about the slowest observed at recurvature {n an examination
of many storm tracks in the vicinity of Lske Pontchartrain (NUR 7-38,
table 1). The speed of the storm was decelerated while approaching the
point of recurvature by a factor of .95 per hour and accelerated after
recurvature by a factor of 1.1 per hour. The applicatiom of these
factors gava a movement of appromimately 150 nautical miles during the
24-hour period emcompassing 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
(EUR 1-1).

Yagistion of cemtrsl pressure alomg critical track

The variation of central pressure with time along the critical
track was chosen midway between the sverasge variation 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 eritical
track of figure 1 is roughly parallel to the coastlins. The resultant
variation in ?o for the transposed storm is shown in figure 2. The

p o




pressure profile of figure 2b, HUR 7-39, is applicable to the transposed
storm at the time of landfall of the center.

The average over-water wind-speed profile evolved in HOUR 7-39 for
the storm as it occurred wes applicable to the transposed case at land-
fall, without alteration. 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 calculating the contribution of
storm movement to the actual wind speeds. Otherwise, the various ad-
justments and corrections applied in HUR 7-39 were repeated without al-
teration.

Final wind fields

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

Charles 8. Gilman, Chief
Hydrometeorological Section

Attachments
CC: 2 to OCE with attaclments
1 to BEB with attachments

1 to New Orleans WBO with attachments
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. Nowr (Vith respect to landfall)

6

21
+12
+13
+1h

Table 1

TINE ADJUSTNENT FACTORS

Factor (ratio of speeds at respective
howrs to speeds at landfall)

1.03
1.03
1.00
1.0
1.0
1.01
1.00
99
99
.98
-
o
95
N
93
o
: .@
.88
81
.
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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: Hwricasne of September-October 1593 in Louigiana

The subject aoricane produced one of the severest hwrricane:
inundations in the history of louisisna. Enclosed for the informa-
tlon of the Hew Orleans District end other offices concerned is the
study of this hurricene we carried out 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, etc.) and the severity of the wind circulaiion es copered
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 Graod 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
1l with enclosure to BEB



THE LOUISIANA HURRICANE OF 1893
Hydrometeorological Section
September 1956

INTRODUC TION

The hurricane 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 values 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, 1893, (1) and crossed the Missis-
sippi River Delta near Bastlan Bay, la., between 2300-0100E, October 1l-2.
The hurricane then moved northeastward up the coast of eastern Louisiana
through Brefiton 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 coesta. As
the hurricane pessed through Plaguemines 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
deetruction from the wind was great, flooding and sea surges caused even
greater damage and loas of life. (2)

The greatest loss of life occurred at Chenigre Caminada, a fishing
village on & 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
south 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 nearf@ly prairies. The water rose to five feet above its
usual 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 Caminada
Pass. Here the outgoing rush of water was met by the sea. The meeting
of waters caused a perfect wall of water to be raised. The waters rose
to a height of twenty feet and swept everything before them." (3)

South of New Orleans in the vicinity of‘Pégte-a-la-Eache shortly
after midnight on October 1, the winds blew so violently out of the east-
northeast that in some places the waters of the Mississippil 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 away 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 Louisiana shore the morning of Octo-
ber 2, inundating the Chandeleur Islands and the islands along the Missis-
sippl coast and causing great damage to coastal shipping. It was estimated
‘that at least 350 eraft were wrecked. (5) Waves washed away sections of
the beach, undermined the L & N track and destroyed sixty sections of the
railroad 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
Mobile was reported to be 80 mph. The marshes around Mobile were flooded
and all the houses in them destroyed. Seven persons lost their lives. (6)

The storm struck Pensacola, Fla., at about 4:45 a.m. on QOctober 2, with
the wind reaching its meximum velocity, 66 mph from the Southwest, at
3:45 p.nm.
OBSERVATIONS

Port Eads, la.

Since many recording instruments in the path of the hurricane were
blown down as it passed, no complete history of the winds and pressures
is available, 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 QOctober 1. 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 P.

Moss Point, Miss.

A pressure fall from 29.70 in. at O600E 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 a 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 vhen 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 ghip.
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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 gradually went
eround by south to southwegt"

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

16 "Cleared away"

21 "Nearly calm"

¥Quoted from the description of the storm by Henry M. Daview, Captain
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
seven 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 0B830E with & maximum wind of 72 mph (uncorrected) from the
southeast. The l0-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 O44SE on October 2.
Wind throughout the mornin; wes from the south at 3% to 40 mph; the mexi-
mum velocity observed at Pensacola was 66 mph from the southwest at 1545E.
(1) The lowest pressure observed here, 29.47 in., occurred at 1645E
(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 Georgia
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 uaing.the procedures de-

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

/
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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 a 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. wes: 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 lle 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 & station
at hourly intervals taken from a wind-direction graph (figure 3) drawn from
data taken from autographic wind-direction 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

-7
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the path and a vector was drawn for that section of the path that covered
the period during which a 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’
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 & 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 v
of the storm in the Mobile Daily Register and New Orleans Times-Democrat of
that time.

First approximation 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 graph against the distance
of the station from the hurricene center. Pressure profiles for OOCOE, O4OOE,
1000E, end 14OOE were drawn to these curves.
Final track

Using the pressure profiles, 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 intersection of the arcs for each hour were
considered in the final adjustment of the track.

The 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 peninsula and following the Louisiana coastline northeast-

ward, the final hurricane 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 1nlﬁPd 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 profé)g derived from the equation
-R/r

Pn ~IPo
where P = pressure at radius r
R = radius of maximum winds
P,= pressure at the center
Pp= assymptotic pressure
was drawn for 1000E end 14OOE October 2 (figure 7). The value of Py at 1000E
on the exponential curve was 26.22 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 smsller,'
and a new curve was plotted for the gradient wind at 1400E,

Over-water wind at anemometer level

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

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

¢:?;
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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 1lO-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,, is 86% of the value
of the maximum gradient wind, V,, computed from the pressure profile in
figure 6. The radius of the maximum wind, R, computed from the pressure
field, at 1000E extended 20 miles from the storm center. The 14OOE 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 11+OOE' winds

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

CONCLUSION

If the hurricane was of the same intensity as it approached #oss Point
as it was when it crogsed. the Mississippl 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 centrsl 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

/1
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the radius of maximum winds at 1000E 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 & band 10 miles wide, Filling occurred
after the hurricane moved inlend, and the pressure and wind profiles show
that by 1400E October 2 the central pressure had 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 wes one of
the three most intense to pass over the eastern Loulsiana coast in the last
65 years. Table I, Hydrometeorologicel Report 32, gives a lower central
pressure for the other two, the hurricanes of September 29, 1915, and Septem=-
ber 20, 1926.

Table 1I below compares values computed for these storms of September

1915 and September 1926 with values computed for the hurricame of QOctober
1893.

Teble II
Hurricane P, - Pp - Pg Vgx Vox R
In. In. MPH MPH New M-
Oct. 1893 28.22 197 ol 80 17
(Miss. coast)
Sept.1915 27.87 2.27 106 91 29
Sept.1926 28,20 1.93 98 8+ 24

(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

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

Final hurricane track

Final pressure profiles--October 1-2, 1893

Finel gea-level pressure profile and exponential pressure profile--
October 2, 1893

Observed 1l0-minute average wind speeds and computed wind speeds at
ancmometer level over water--October 1-2, 1893
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UNITED: STATES DEPARTMENT OF COMMERCE
’ WEATHER BUREAU
. WASHINGTON

D‘ce‘ber 6’ 1957 N REPLY. PLEASE ADDRESS
’ CHIEF, U. 5. WEATHER BUREAU
WASHINGTON 25. D. C.
ANRD REFER TO

0-6.12

MEMORANDUM TO CORPS OF ENGINEERS
HUR 7-42A
FROM : Hydrometeorological Section

SUBJECT : Standard Project Hurricame Isovels for a High Speed of Translation
of the Hurricane Center Mid-Gulf Coast, U. S., Zone B.

References: (1) Tslephone 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) RUR 7-42, Standard Project Hurricane Parameters and Isovels
Mid-Gulf Coast, U. S. Zone B and Standard Project Hurricane, .
Lake Pontchartrain.

This memorandum contains an isovel pattéfn 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 & CPI of 27.60 in. and a high speed of translation has been devclopid
for Zone B off the coast scuth of New Orleans, La. This was done by impos-
ing & 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 Stamdard 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 1is 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. Isaac Cline
in his book "Tropical Cyclones'' states that "the wind velocities are much
greater in the right half then in the left half of the cyclone area, and-
the greatest sustained wind velocities occur as & rule in the right rear
quadrant.” L. A, Hughes has summarized a large number of reconnaissance
flights ("On the Lower-Level Structure of Tropical Storme™, 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 i{n 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 {sovels in the attached figure may
be rotated with limits of 100° counter clockwise and 50° in a clockwise

L
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/ Wi direction. The limits of rotation are 1nucuted on thc figure by dashed
: arrows extending outward from the wind center..
v fon of fo speed =
The forward speed for a Standard Project Hurricane is chesea within
or near the range of forward speeds shown in Teble 1, referemce (2). TYor-
ward speseds vithin thess spans can be assumsd to be indspandant of CPI

and R. The attached isovel pattera computed for a forward speed of 23 hu.
is the fastest observed 4-hour average speed in the Gulf. _

%h‘; !“tOf.

Comments on variation in the radius of maximum wind, muutm to
other Zone B locatiens, wind directiom, the critfcal pcth sod adjustaent
for filling over land msy be found im reference (2) to vhich this memoran-
dum 1s supplementary.

s

. - .- . + T e e ar
Vgt F P A

Charles 8. Gilman, Chief
Hydromsteorological Sectimn

Attachment

ec: 12 to OCE with ntt.chuu
1 to BEB with attachaeats

ik

. e




{‘




|
1
|
|
i
|
|
-4
1
1

* STANDARD WIND SPEED (MPH) PATTERN
ZONE B, GULF COAST

’ N =30 - )
// RATE OF TRANSLATION =28 KTS.
: X~WIND CENTER

‘ k,‘-'omard Motion

Limit of Direction
of Forword Motion

Limit of Direction
of Forward Motion

USCOMM-WB-DC

g

R



0 :
FROM :
SUBJEOY :

IN REPLY, PLEASE ADDRESS
CHIEF OF BUREAU
AND REFEW TO

0-6.12

Mr. A. L. Cochram, Civil Works
Office of Bhief of Enginsers n
Corpe of Engineers

Hydrometeorological Section

MEIDBANDUM HUR 7-39, Revieed Wind nem Vicinity of Lake Pontchartrein,
Hurricane of September 29, 1915

Treansnitted herewith is the Subject Memorandum which includea revised
isotachs for the Louisiana Hurricame of 1915 for the information of the
How Orleans District. This memorandum supersefies Memorsnde HUR 7-15 and

7-28.

Charles 8. Gilman, Chief
Hydromsteorvlogical Section

Attachments
cc: 3 with attachments to OCE
1 with attachments to OCE



UNITES STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
Washington
August 16, 1957
In reply. Please address
CHIERF, U.S. WEATHNER BUREAU
Washington 25, D. C.
and refer to

0-6.12

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 HUR 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 obsexrved near the coast. A revised coastal central
pressure was obtained by extrapolation from the New Orleans value. A faster
rate of filling was assumed between the coast and New Orleans (lower central
pressure at the coast) in the preseat analysis 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
factors than previously employed.

c. Reconaideratiom indicated that the water surface, which reduces the
wind speed less than 2 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
bshavior of water levels. The meteorological data determine the over-water
wind 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 Za. 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 ratee of filling for hurricanes
moving inland over extensive lend 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 a, 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 oot 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 Moisant
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-spead
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 speeads
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 Pontchartrain. The
Naval Air Station speeds were from an off-lake direction in this com-
parison and are comparable to over-water speeds. The Moisant 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 sccumulated mean annual wind speeds at New Orleans are shown plottigd
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 gince that time. The snemometer height had only been
changed one foot at Meridian and moved less than one block prior to 1948,
whan 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 patterns.

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 variatiom 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 theoratical gradieant speed (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-wvater wind field was
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 radivs 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 motion 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-Kuey 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 spesd 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 reductiom
in the vicinity of shore-lines: a slight decrease on~-shore, a slower speed-
wp 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 %k inclusive.

Wind directiens

A deflection angle of 30° toward low pressure was adopted as & 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.

=¥ . A -
Charles S. Gilman, Chief
Bydrometeorological Section
Attachments
3 with attachments to OCE
1 with attachments teo BEB
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