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u.s. DEPARTMENT OF COMMERCE 
ENVIRONMENTAL SCIENCE SERVICES ADMINISTRATION 

WEATHER BUREAU 
WASHINGTON. D.C. 20235 

.fa_..., 25. 1966 

IN REPL.Y REFER To:W211 

MKMORANDUM TO CORPS OF mtGIDDS 

B.tJR. 7-87A 

SUIJECT J Surface Winds (30 ft.) Oyer Lake l'onCehartrdll. t.. 
During Poaas;e of Hurrlc_ .. C.,... SaptaIMr 9-10. 19.' 

Referencea' 1. HUll 7-87 dated Dac._ar 20. 1965, "Surfaca Wind. 
(30 ft.) O¥al" Gulf of H4rKl_ tn Hun:f.caa leta,.. 
Sept ...... , _4 10, 1 •• ,5." 

2. Latt.r frem I. O. Metne, te OCJ dated Sept .... r 29, 1965 

'l'bb DIemOl'aada .up.,l ...... referenee 1 and proviu. the aarfaae 
wind (30 ft.) "'1' take Pontahartraiu durtag Butrl .... Be .. y. 1965_ 
It eou1ata of se .. a charts bealnn"1 1800 CST S.,t"'.r 9. 1M' 
aad, hy 3-hourly intervala, enUna 1200 CST 8aptam'ber 10, 19.'. 
theae charta may be used with cona.,oadiD, tf.me cb .... t. of ref­
erenea 1. 

th. laova1 cbarta are aaa17a.d at lG-kaet interval. with 5-kDot 
value. (dulled It .••• ) wha" .... d.d. Smooth ItreiUDl1nel over the 
Lake .how ebe wind direction. 

Tld.a _lysle :La h..... primarl.ly OIl the observed villel. at South 
.8as.ula, t.alte Cauaeway; We.thar Bureau Airport Station, Mohent 
Airport.; ad Huey I..eua Brid... "the latter two stadou are 'te­
duced to ovel"1atel" val .. at 30 ft. by staad.ri relatlcm.ahlp. 
(ft,un 1 ... 1 IIHRP Report No. 39). Mol'. distant wind reporte, ad 
the pr •• aure flali are a180 guides to the wind _p •• d profile along 
It radial frOlll the atorm center position. 

Attachments 
eel 2 to OCE 

4 sets of charts 

Vance A. Kyer. 
Chi.f. Hydroauteoroloclul BrMch 
Office of Hydrology 



re.DlYieloa Inai--
Lower Jltataetppt 'falley Di'¥1.Dlcm 

1" W .... i.e .... to ...... [51 •• IhtI'tct ~ Of 19 ....... 
1'65, .. hjat ..... "'-ItLdfr, ~ of 1' .............. .,..... 
lWtflOlOloatoa1 "HI.' a-rtC8D8 He 01 ........... 11 .......... 1 pa.tten8 
at\4 ... l ........ ,.. Bal'ricaM ... ,. 1-10 ...... 1"'_ .. .,.... 
.... IP.!oItea1 ............... ~ of ............ aIIetI 
...... ~J 'alll_ ........ tile ,.. ...... ~ "'7-
.... ..,1 ..... _ 1-'7 ........... J.et ... of U "em'" lt65, 
aut.jeet .......... IIfMNrJ til. wtad flat. ia ... ""1 ..... lake. 

2. .. anal,. ....... 18b of ......... ,_ .. 7·87A vUlt. .... ~ 
WiM .... ta for die peiect 1800 Cft 9 ....... 1.65 UI 1100 CIt 10 ... ~ 
bel' 1965. ....,tee of tile ........... cU.netl., to the .. 
.. 1 ..... ltaU1c.t. 

Cy fwaubedt 

"_1&, a. JtI •• 
CbW. "MIIII'taII M.W.sltm 
Cl.u. ... 

ftf __ "1 II! !rl!!p!/' 
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"-"""" u.s. DEPARTMENT OF COMMERCE 
ENVIRONMENTAL SCIENCE SERVICES ADMINISTRATION 

WEATHER BUREAU 
WASHINGTON. D. C. 20235 

De".r 20, 1'6' 

HIMOIWIDUH TO CORPS OF ENOnwm.s 

BlJR 7-87 

IN REPLY REFER TO: 

W2/'t1fI 

SUIJBCT. Surface Winds (30 ft.) over Gulf of Mexico in Hunte ... 
Betsy, Septemb.r 9 and 10. 1965 

Reference. Letter fram Rew 01'1.... District to OCI dated 
Sept .... r 2'. 1965 

Enclosed are four .ets .f copt.. .f preliai.ary _11'... of tile 
wind (30 ft.) over tm. Gulf .f Kalco ad the !U •• ts.l.,l Delh 
reaion durias the p ...... of Hurricane let.y, 1965. A oatt of 
the storm track ia alao 1Dclude4. 

Each .et centUu 13 charts J COYerl.. the period fr_ 0000 CIT 
of the 9th to 1800 CST of the 10th at ]-hourly lnter.als .... pt 
6-hour itttervais for the firat three charts. 

The 180vels are for lo-ltnot intervale, e08tlnoo1l8 11nea, except 
an oec:aalon.al .5-knot bovel (daahed l1ae) ha b.e. s",,11 •• to 
facilitate reading the valuea. POI' wlnd dlreetlOl'l8, the -Sl. 
of laeurvature is zero fr.. the center of the .torm outward to 
about 1.2 ti ... the radius of maximum wlnda, R. ElseWher., 
wind dlreetion arrow., true at the arrow head. are provided. 
Direct linear interpolatiOD. between avec ••• ive charts i. se .. 
era11y valid. 

Table 1 lists part1aent characceriatiea of Betsy. 

Enclosures 
cel 2 to OCE 

4 sets of chart. 

Vance A. Myer. 
Chief, HyCrometeorological Branch 
Office of Hydrology 
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Table 1 

~ 
CHARACTERISTICS - "BETSY", SEn., 1965 

> 

~- Vh 
- ,< 

,-"S v (kts.) I ,-, m Date Time~ , P P R Speed Dir ection 
(CST) $' ~ (m~.) n 

9 

10 

(mb.) (n. mi.) 

0000 28,05950 1012.5 20 

0600 28.08 951 1013.0 23.5 

1200 28,02. 949 1014.0 27 

1500 27.87944 1013.C 28.5 

1800 27.71941 1012.0 30 

2100 27.7Q 941 1012.5 1Q.,o 32 

0000 * * 

0300 

0600 

0900 

1200 

1500 

1800 

*Storm center inland. 

Legend: 

p ~ central pressure 
o 

* 

p ~ average peripheral pressure 
n 

RF La 

100 89.5 

100 92 -

101.5 91.5 

105 95 

106.5 96 

106 95 

* * 

V ~ maximum sustained 30 ft. surface windspeed 
m 

RF _ Right front quadrant 

La a Left rear quadrant 

(kt.) (deg.) 

16.6 280 

12 295 

16 321 

15.5 320 

16.3 316 

17 314 

16.5 318 

13.7 320 

13.4 321 

13.5 339 

12.7 355 

11.8 358 

11.8 5 

V
h 

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

R _ radius of maximum winds 
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.< uNi'TEO~ STATES DEPARTMENT OF COMMERCE 
WEATHER BUREAU 

WASHINGTON 

Environmental Science Services Administration 1. 1.1. 1.1. 

February 17. 1966 _ m'f~'~ 
W2ll 

MEMORANDUM TO CORPS OF ENGINEERS 

HUB. 7-8SA 

SUBJBCT: Ratio Chart to Adjust Isovel Patterns in HUR 1~0 to Level of 
updated SPH Patterns 

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

2. MEMORANDUM HUB. 1-40, "Louisiana Hurricane of Septem­
ber 29, 1915, Transposed to a Critical Track.1I 

3. MEMORANDUM HUB. 1-84, "Standard Project Hurricane Wind 
Field Patterns (revised) to Replace Existing Patterns in 
NHRP Report No. 33, for Zones Band C. l1 

Herein presented is a chart of ratio lines which, used as factors, will 
adjust the wind speed values in the isovel charts in HUB. 1-40 to corre­
spond to wind speed values (at 30 ft.) in the updated SPH moving along 
the same track as that included in HUR 1~0. 

Charrs of the updated SPH isovel fields are presented in HUR 1-84 
(re£3). That memorandum also includes a discussion of the considera­
tions leading to the revisions in the SPH isovel fields in Zones Band 
C in the Gulf of Mexico (approximately from Apalachicola, Fla., to 
Brownsville, Tex.). 

To adjust any isovel pattern in HUR 1~0 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). 

Attachments: 
cc: 2 to OCE 

4 copies of chart 

)/~ tJ: ~(i' '~-<-~ 
Vance A. Myers 
Chief, Hydrometeorolog 1 Branch 



'-, 

" 
""-'< 

'" 
""-"--

....-

" . 
'.'-. 

__ \.0 ---------
~----

------- '" -. .. - -

-------------------
.... --- -'-

--,~-

'. -

~~/,? 
"-" .......... , 

~/,/ 
.-~ 

""-1,0 

TO USE: PLACE CENTER OF ISOVEL CHART OVER CENTER OF RATIO 
CJlAnT. ALIGN ARHOW "1.1" ALONG DIRECTION OF MOTION OF STOHM. 
MULTIPLY WIND SPEEDS BY THE INDICATED HATIOS. 

--~-----------------~---~--------- -~------ ---~.------- - - ------------~-----. --------------~------~--------.-------------

r~. (i ~ (() (; r-l (i r ~ ~ () (J 0 J (f (:1 f (: () \' (d f: () f r r~ r G r 1 tJ r r i (; (i ('. (: Tr (i n (: p (> (: (: d 
( f 1l J f~ 7- c ~ ()) ~ () r (: \' 1(: (: (: [; ['> r ~ 1(: () \' (:{ (: (f: l J r~ 7- c C f: ) 

( . ' / "".; , 
/ '-< 

/ 



a 

o 

f(O) :=a·O 

It 9) 

X 
O,- .. 2x 

24 

o 2 4 

1 

'('1t_--



IN REP!.. Y REFER TO 

ENGCW-EY 

DEPARTMENT OF THE ARMY 
OFFICE OF THE CHIEF OF ENGINEERS 

WASHINGTON. D.C. 20315 

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 Is t Indorsement thereto. i> 

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 BUR 7-84. A sample of an adjustment is also included. 

FOR THE CHIEF OF ENGINEERS: 

1 Incl 
HMB Memo BUR 7-85, 
3 Nov 65 (dupe) 

LMVED-PH (OCE 8 Nov 65) 

Chief, Engineering Division 
Civil Works 

1st Ind 

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

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

~ 
1 Incl G.B.D. 

dupe cy wd 
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22 Dec.Mr 1965 

BU&lICfl B.lrr1-.. 8'tud.1es - Surta.ee ~I:1f1ds O'¥8r GuJ.t" of Mirldeo 111 B'urri.c8lU' 
BeWy:l 9-.10 ~ 1965 

'l'(h 1>1 v1s1on 'lfts1netr 
tower lUaaiUippi v.u.,- Di'Y1uon 

~. lteteftBoe 1 ..... te ..., 0rlAIIu »i-net let,.. f)f 29 ~ 196~ 
.eJect; ~ ... ft\l47, Rev1ev of u.s. WlatMr Bureau ~oc1oa1 
SJwaeb JlU.ft't.o-.e Itl . " .... ," reque.tbtc 1*""'11 pat.tCllu, 8Il4 ftlIlte4 ... _ 
tor Iltrrl ... an&)" I 8...10 ____ 196,. • ~4&l, aJ"8aCh of 
tile wather ~ ... 4OI!!Ipl." ~lCD o£ .... INI"f&e!I W1lld fields over 
the OUlt or Mlaico ... tM _ .. las1ppl Delta reciOD. ~ the ;p8JJH&e of 
1u.lT1.-. 'IIIttq, "two .,1.. of wtl1Clb are tum1 ........ nn.ly to t.be 1Iev Or.leant 
D1et.r1n. 

2. 'fbe .t.~ aou1.u 01' _ ' .. an .... IIJR 7.iJ1, a atoJ:1ll tracts cbart 
.. 13 v1B4 ~sJ -1IUiJa& tbe Pft"104 fiooa 0000 hour. CST 9 ~r tJ:) 

l800 houn carlO ~ at 3-hour interftl. .... .,t 6-1loor interraJ..s for 
tlw flrat ~ ~. 

WICIilaIJ· E.. J'OBOOJI 
Chief, JacSn •• ri.Bs D1v1alG1l 
01vU Works 



I.J ~. J STATES DEPARTMENT OF CL. . . . "ERCE 
WEATHER BUREAU 

WASHINGTON 

CHIEF. U. S. WEATHER BUREAU 

I ..... A. L. ~. CS'ril Voft. 
Offie •• f eIItet of ''II,ms ... 
c.p •• f ' ........ 

r..I : ., ••• t .. nlotU81 "'cia 

WASHINGTON 2.5. D . C . 

AND 111: .. 1:11 TO 

•• JlCfI -.n ...... _ 1-65. 1""1M ".1 .. for Track B wlth fonu ...... 
ef , laKe 

.... ..tt. 1. &~u .. ,lie _J_t .M,tt _idl funbh .. ;bonl 
ct.arta f. uack • of 'M .. Od ... 1IIIn'1_ 'tlllly. 

2 CIC wt'dt aU. co OC& 
2 cc wi .. att. to ID 

'lied .... 011 ... CIWaf 
., .. 1111 ..... _ ••• 81 ... ,s. 



-
'-

UN, . _ STATES DEPARTMENT OF C, ~CE 

WEATHER BUREAU 

WASHINGTON 

o.~ 21, 195' IN "Il~L" . ..... aA S E AOOI\'I:', 

CHIEF. U. S . WEATHER BUREAU 
WASHINGTON 2.5 . D . C , 

0-6 .12 

11ft 7-65 

,.. If" , ... loetca1 .en .... 
1.1I6t1 ... ViM rw .. ,. 'InIIl • "'. r __ ....... f S bote 

•• fa ... , 1. ..0 ina OC& c. _. 17 •• " 1'" .. c.fa • 
at ea U-U ..... t I.,. .... J ...... Orr1_ ....n... 
It .... 

2. _ 7-.a, IJ'II ViM rw .. I. 'h.u c <nnMil), CriU.tIl 
r. IIotrcJa ... of ..... , nt.,nn, ... , __ I. 1',.. 

'fill.... in' ,.. ••• ,. riM taz.t~ .. ., .... 'U Ilti .. c. ...... 
.-4 fnJ .. t 1aTt. ... aU ... ,. h __ a. ~ ,. OW .. lei. -.LlJte 
JOR"-e ., ..... n __ of t ..... 1 ............ ute' ia ~of-'lU. 
'file III _ ... lta ..... _ neaa .. " , $' •• -t..kw.le.t tr. die b'aak c: 
",""I. __ ill ... eo. lea ..... of ~. "'l"j. ruu.a ..... . 
11 .... tn.& .... "J_t ?Pta _ ..... 'a ...... 1_ - • 1M p .... ta" 
.... ill _ 7-12, 

1....t ...... WI _ ...... _ .. -.- ""enal~ fs-- ·10 ...... c. ... 
... :M 81: 1· .... lIItW'Nla fna +4 ........ . 11 -.-. ( ... 'i8M WI ..... 
" dw ... ofew ... 1IIIarru.. .... a a ..... eM .... ). 

41_ • I .... _ • UMk ........... al. ... waqtll is .... fer 
...... '.' ..... ",",lleM • ~ ill .. .,. ••• J.U. 

la , ..... 1 ... ", .... ~ ~ .L , ..... ia ...-leU 1111 .... 
, . S ... fOS'l'" ..... 'f .......... ceMa ia ... . 

2 " witll at. co OCI 
2 ce wit" .tt. to HI 

CllMa.. •• Gtlnn. at.f 
.,.. ,_l •• tIl .. u .. 

• 



22 October 1959 

TO: Il!.Y1JI1on &1g1neer 
U. 8. Mtq ~"Mr ])I.vb1en. !.Dwv Ml.s8ise1pp1 VeJ.ley 
V1Ckaburg, Ml.1l111Ba1ppi 

1.. In ae~ 1d.th :PC:C\i6l"Wh lJ) at .1nclo8ure No. :3 at notea 
an ocatenl1Ce belA 1n OCB co ll.-13 ~ 1959, ISUbj~t, '-BI&rr1_ 
P.roteet1an swat_ (l'L 71), ltev Orlama ns..tr.lct' , tbe ~ 
oJ.ce1e&l geCIt:1Q11 at tbe WiIather ~ hu ~ • ~ tor 
the met~Ml ar1ter1a .,.dfie4 tbce1n. Two cop!._ CIt the 
~> HUB 7-65, aub,1eat, "SIB la.D4 F1elU tor Track »with 
Forward SJ!eed at 5 Xhata" , aat.d 21 Oetober 1959, are 1n clo.lId. 

a. n.wucat:e 00»1- of the -..u&IrIl haft been :tum111bed the 
Ileach Irtltico Boeri.. ~ l"II""1n1lJ6 data au.tlined in inalowre No. 3 
at the oouf'fi_ DOtea will be t~ u IIOCIl .. reM1V114 t'2'aI1 
the w.tbeJ.o au-. 

fOB TD C1IIBL' or IIIlUE 5 M: 

1 Inel (<<hlp) 
HNS MII:IO IDlR 7-65, 
21 Oct 59 

LMVGK 1st Ind 

F. B. SUCf!'l'llR 
au..r, l!bgI.nter.tng Di v1ll1011 
C1 vil Woriul 

u. S. Army Engr Div, Lower Mississippi Valley, Vicksbur". Misst ~ '~ 

TO: District Engineer, 11. s . Army Engr Dist, Nell Orleans 

1 Incl 
n/c 

G.B.D. 



--
UNII ED STATES DEPARTMENT OF COMMERCE 

WEATHER BUREAU 

WASHINGTON 

IN RIl .. I..Y ... 1..1: ..... AOO .. I: •• 

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

ANI) ,u,:,.IUI TO 

0-6 .12 

___ ilL I ....... ,.,. 

~ IU 1. n a.. _ .. _, IT ASid t 1m ... C ,. $I 

n _ Uo-13 ' ..... U59, ",)Iett .., 01' __ -.rs... 
~"""-

2. 

1--.12 .... MOl •• " ...... _till Ie N _ , ....... IG 
~ r...:a"~ tie -.I2 ....... n' ..... '* ... Ie baa ·12 ..... 
w.f6 ..... , ............ , •• ls ......... _r il ........ 
~l 01 tile oo.n). 

III tJIe .-p , I S Ie # ~; t'IIIU_ or 2 wtDIle !n -.tJ.ce). .slw .. 
~. r. . = f'aIi a d .~ or tulftu.. «Ie" tD TiaOtII .. 

J co v1.ttl IIT-t. ~.o OCt: 
~ e(' 1tl tb t-t. tn 1\111 

cmr_ t. ~u , C'bJ.et 
.,.. , 111l1_1 '*t2cn 



~. 

-
8 October .1959 

i'Ol D1.v1l11on ItIgI neer 
U ••• I.mr3' a,glneer XlLv1.S.on, lDwer ML881s.1p.p1 Valley 
Vtokaburs, lC1lIai.lI1:r.p1 

1. In aocorc1aru.le w:I. th ~ l!!. or inolDlluZ'e 13 or notes on 
conference hel4 in OGI 011. U-13 Auguat 1959. wbJect. "Hurri_ Pro­
tectim 8tu41 .. (JI'L 71). IIw Orlana D1.atr1crt", the ~eorolDgl.ca.l. 
8ecrt1an or tile We&th.e1'. ~ I I) h-. 1'UftI111he4 a ~ tor the Mteoro­
olos1e&l or:t.ter1. Qea1,t1e4 ~ IWO cop1 .. or the ~ 
HUR 7-64, wbjecrt, -lIB 111114 r.t.u. tor Tr&Ok 1) v1th tonar4 .,.,/la at 
5 and 1.5 knot.", 4ate4 1 OCtober .1959. are inolo8ed. 

2. DJ;tllcate CQJI1.. or tile III1IIIOl'4IID4 hcv'e been f'uz'I:I:Labe« the 
Baach ~an:Bc1&T4. 1!le xwa.tntng c1atll outlined in inc'owre 13 or 
tile ccmr_ notee v1U be t01"Rt'lSe4 .. .oon .. reoe1VJ4 bela the 
liJather au-u. 

1. Incl (4up) 
BJIB ...., BUR 7-64. 7 Oct 59 

LMVGK 1st Ind 

1'. B. SlirCBDB 
Ch1e1'. ~ D1v1a1on 
C1v11 bb 

u. s. Army Engr Div, Lower Mississippi Valley, Vicksburg, Miss. ". ~ , I ;If":,, 

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

l Incl 
n/c 

G.B.D. 



UNITED STATES DEPARTMENT OF COMMERCE 
WEATHER BUREAU 

WASHINGTON 

IN ".PLY. PLl:A.k ADDIt". Sep.tember 21, 1959 
CHIEF. U. S. WEATHER BUREAU 

WA.KINGTON all. D. C. 
AND Jt&,. ... 1'0 

0-6.12 

~ffiMORANDUM TO CORPS OF ENGINEERS 

HUR 7-63 

FROM 

SUBJECT 

Hydrometeorological Section 

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. Hemorandum from aCE to HMS. 17 August 1959 and Con­
ference at aCE, 11-13 August 1959, Subject, New Or­
leans Hurricane Studies. 

2. HUR 7 -62, SPH Wind Fields for Track C C:;t''':i;;;U;It) 
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, Rigo1ets and the south and north shore of Lake Pontchartrain) for 
a forward speed of 5 knots (as specified in reference Iii). The SPH over­
water pattern was rotated 18 degrees counter-clockwise-from the track C 
direction given in the over-water pattern of reference Iii. Filling, shore 
line and friction adjustments were made in a similar ma;ner as the procedure 
used in HUR 7-62. 

Isovel charts ~re enclosed at 2-hour intervals from -5 hours to +1 
hours, at 1-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 "X" mark over the hurricane center and rotating the 
spiral until it is superimposed upon the point at which the wind direction 
is desired. The wind .direction at this point is tangent to the spiral and 
blows counter-clockwise around the hurricane center. 

In the map legends, ~1 
speed of hurricane center. 

Attachments 
cc: 2 to OCE with Att. 

2 to BBB with Att. 

radius of maximum winds and F. S. ~ forward 

. /~~ ~
4 A' .1' V. #' 

arIes S. G~~man, Chief 
Hydrometeorological Section 



UNITED STATES DEPARTMENT OF COMMERCE 
WEATHER BUREAU 

WASHINGTON 

'1'1 ItI:~LY. PL ..... I: ... £>1:1l1li1:" 

CHIEF. U. S. WEATHER BUREAU 

to s 1Ir. A. L. COcIIIIea, Chl1 WCIdII 
Ot'tlce of ~t or ... "' ...... 
0IrpI of "'1&1" , • 

WASHINGTON ZS, O. C. 

ANI) IIIEI<EII TO 

0-6.l2 

S'IIanC7s mil 7-6iA., 11M 1tU4 l'ie14 ftIIp !ftok C wi ... lto_t.1 .. 
Jlat1lMll 

_with t. taWi&l1~t.s tIa t.wl c:bN't to ...,' 1; tile auJt C 
~ ~ _~ .... _ 1-'2. as. 18 ill ... 'S I to a OCIIl..-uec 
be"'lIr. __ of,.. ottb ... 1Ir. CIa ",1" ~ ~ offtee ,.,., -
be%' 10, 1m. 

CIaar_ 8. 01:a.a, C1d.et 
ilia..: nl DJOloctea1 GectlG1l 



/ 
UNITED STATES DEPARTMENT OF COMMERCE 

WEATHER BUREAU 

WASHINGTON 

.. ,' r IZ 28, 1959 IN III.PL.T. PU:,. . I!: "'D~Jln: •• 

CHIEF. U . S . WEATHER BUREAU 
W.SHINGTON 2~. D . C . 

AND .... 1(111 T O 

SaalIC'f. SPIl Vtad :talA ftIr h'ack e Y1th a Ilotated Sl'S Pattem 

lileareaee: .. 1-62, an tf18l n.u. fQr !!Uk C (:reftIIe4) Crlt1cal for 
- lIo:rtIl :obon et J.aJIIt~. a.pt 1_ 8, 1959 

fte ~UCIl .... bee abed tat .. OJ'fa1aUca of the 1ft 1eON1 pat1AJ'n 
41tfIsu=t l'J'-. tat ... la .. 1-& .s,Ilt 1f1- a au .... me ... wid ~-
1 I , IIlAq U. 1MIJ'Ul ...... of JoaIII ~ at a la __ oriUoa1 tt.. 
",. _~ .. ~ .. cMahaecl b7 ~'UJIc ta. nw ___ .. Ja"-- 1J a..,... coa~_ haa tile OJ'1eatat.t. et ta. .. ___ ... wi. track 
C ( ..... CIl toM ower_ter _p Of _ 1-62) 7IIl4 a~ n 11",s", f'r1ctlaa 
&4,11»' Ita. 

A c ...... 1IIcm of 12l1a .. 1& baaJ' _II wi. tile .~ ~ (cr1t.1cal u.) _. 
~ .. 1-& taU. __ • ~ • ' t. VSIII n.u. OWl' ~ !'tateJar-
tala CIl .... 18 ___ :.. ........... d IoaIa ~ hal? __ 
.....a to .... ' r.- A .e at' c _ ....... ta. +18 bDur _po 

1. .. +~ lInP _p _lDIIe4 Y1th .. 1-62 gi_ a lArpr ~ 
_JIiImt c a c to trca A tbrDush c. 

2. "....18 ~ -II h ... Y1. ~ a ea. 11- a n .. 
0'fIIJ'all n' $ G. t with • .ucJa -.Ber c .... r .. t ~ 
Alt, bat Yltll & ~ =* '$ C U .. Nt alcq Be. 

eCI 4 to 00. Ylth .~ts 

CJa.rt. • • Gl-.a, CJa1.r 
~." .. eteoro~ Sectlca 



UNITED STATES DEPARTMENT OF COMMERCE 
WEATHER BUREAU 

WASHINGTON 2!5 

.... n. It lIS' 

! ... A. L. CeeIIna, CtYll v.n­
Offlc. fJf CIli.f .f ,apa ... C.,. .f~. " ... : ., .. • 

'" 
- '" 

IN REPLY , PLEA. I!: "'ODR~S9 

CHIEF OF BUREAU 

AND RIU'I[R TO 

I&JICt'I rr t ... 7-.,. 1ft .... ,t.u. r.w fi.k C 56) 
en.teal f. IIfttll Actn of ...... Paatchutl'aiJI 

__ ..tth ta U'l _ltt_ eM aultJ_t ..... '- tIIdcII hnt_. 
l_u .Un. fR qak e .f tlle._ Owl ... 1I1I",.c_ atllly. 

5 ........... teOCl 
I .. willi .t. to .. 

Qa-l .. 8. ct. ... ; Clttd _ott u "W.u .... a. 
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£ ...... Ioeur. U iI#~. ad f~ ~ Nut' &.::UIl·. arut aftO., ~riUcal 
ttJlllf •• 

'or tM "i ............. f ,!> ... _U til .. ntU...a. t:~ 1. ,~bi:lIIII:th A 
u·tlCl. .., ... l--.at ..... f~ l u -t~ ,-.:-_ at t_ t_ .. lAl~ .... 
E ... , ......... ".torl! .... efc. I:rU;l, .•• ta. ~ t<IKCI p:r~-.4. 

Ittad 411'.11_ at _, ciM: ...... l __ ierA ~_ ... k,.~ Ira 1M 
_I ... .,tPl b. __ 7 • "Ull IR 7-41, rd __ e [fI, ~ _1.,.. 
_. ,",UN ~tlt _ .... 1 • .r bcdft1 ~ uf 2v M4reu _t to t ... <wi .... 
gf --... .... (lit MUtScal ~tl.), 2O-U ......... f..- d.- .. _ ..... t>f 

..... p.. ... wUft t~ t.2 t. ........ UlII m""" »t ...... .t.- vllMia lC·16 .... u .at 
d1ft) ... J) ...... LMvn .... a..r~ tau ,.1M. flI,o .,lnl t ~ 
, ... tty l:4).t.'>!16 ~. J.a ___ t. 1·11., .,blU. tlle 1: ... it 
,s...4. _ en ItA'ricae .-tft' .-.l '" .. iral ie h' •• to l!-'Ult1' ~. 

"t'1U" ...... b~U_ -* • d_ ,.tat "~u I I to *"- c_ at u.u. ~ . 
....., ti~T •• /~ rio, ~'n.1 vnh/I ,,,. o/.,rq/ ".I<,.~;"'i:> ~"e ",,,,f +rl1>rt 7.;i;.,,,h $'11£ I,.t'" .1 m 7M W/tllI d,,-<.,/;c .. ,s 4e$',{.:f. N .... 610v .. r'l. F '/ 

1. !II fa,m. 'fa. d'tl ,.UUl> fw • .,u .. .,..t of u_'.t. 
().g 1r.MU) .... Uq. t ..... cd _f IfiJIO (30 -cteal .. lui ill 
iJj 'a ,..lk_l .... 1M ... _,llda ., :'·20 ~. _ aheM 1M tile ftleor-
_.. nt. ,.t: ....... tbe Met. of aU '_al ,*-t. t. IHICA hlcv.n 
....... TN '-1 ,attn. ,... a1...- _ tUt tb l'Ht ... af _tJRm 
vi.aIU ~ ... tu ttUoIIiP" .. .-n c.n iII __ t « ""0 "rfUea! C1IM. ""." 
at tbl. bUtc ,.'8W !ft 48t. __ '1Iifta <wet -WltI:4' .. ht! " ...... wIIdC _ 
s __ tU otlNr:hart~ i.a eecloen.J. 

2. lilA., Mlet.rt. Mur th '-riceDa e..uc er0Ne4 the 
~_e. ~,.. SPII .... _ "J"n.. t .. fUll, ~ to tM It.. "jdt­
... , fHtwe ,bn 1P T_t. 1 of: lMt 7-,,", til ... -.10',,, t. !hi: 1-lt 
' .... i S.~ LA .., ... 11'. U .. , MI) 'ct:lHllt t ... , I'S "r~ e1Itr.,. .... 'laMK11 to 2:; lilt> ,n . 

.. ft!sh ",. tfli'Ref· U.in t.~~.,"f ........ lIt t" ...... e l'otItc)"u· 
trabi-HlMtHlHf. hlu "es.f_ .. ,,'~ • "-l.wp of ~iIi'I:-: •• t~ ...... , 
• nuaJo -*t.&t __ --. of ~ ~-... ~ .. n .. ,,,~ Me,,"," eM 
"Ilia .,,,f;Od,,,,U *11'0: it ... _ " ..... to ... IlII ... \,,~t fat' fdt:U.OA. 

'. rustic! Aii"''''''' Wi,,""", _~1Hi """ (0 rri.:u", ....,tell, 
u ,he ..- c. <.~., .. f fM ___ .... 11 f..., _.1iad aoo.l b"Ut· .... 
_4 > (<< ---, _. ~.r r ....... U~s "'_ . ..-d fRc.l1ft tat.M!. 4 
,PlU_ "HOC .... __ .... ,d for _nUllu.q hIM-t.o-_t_ u· .... tti9a _. 

Ie tohe 
•• f 'It;¥"{~_ 

1 with .tt. t~ ~~ 
Z t E~! 

ctlfttu ~. Cl~. ·:U .. £ 
>tyv-t#.!lT",L i.:4l1 i...,tlon 



UNITED STATES DEPARTMENT OF COMMERCE 
WEATHER BUREAU 

WASHINGTON 

lk. A. L. Cocu... C191l Work. 
Offlc •• f Old.f .f I ... i ..... 
Col'p. of u.iaeeI'. .... : .,*._,_ .. 1,,'0&1 I_I. ..... 

iN REPLY, PLEA;511{ "ODRES$" 

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

AND ReFER TO 

""6.12 

1BJICl': _ ..... __ ... '''61a, hlalatioaahlp ••• t ...... 
lacrnl , .. c ...... fr1*ul_ ....... lnat. fo&' ,be 
w. Ocl .... ea, ... lieu_" 

The ref ...... _ ..or." 1. t&'alaltt". .'M ••• taa the 

... ti .. of affect of r_ut bunt ..... 01l '1'0 ... 1 ........ 

huer1c ... tat .. alty au'4el1D ••• 

'ac. A • .,. .... 
Ch'af, a,~teol'.loI1ea1 ... &100 

eel J to OCI 



UNITED STATES DEPARTMENT OF COMMERCE 
WEATHER BUREAU 

WASHINGTON 

....... lS, 1t61 IN REPLY ... LEASE ADDRESS 

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

AND REI"'ER TO 

0-i.12 

....... 'to COUI • IJIUDlIU 

fUll I ., ... ' ..... 1 .. 1c&1 l.t1oa 

IDJ&ft : "b1a".ula1' ...... PI 1 .... 1 , ............. 1 • 
... t_ ... ,. f.~ tile I. 01'1 .... _a .... t~ 

a.f ...... (1) .. 7-61, ..... lat.......,. 1.-.- ... 1""1 ,att .... . 
• tI ~1 ....... , ... ,. fft t ... I. 8t'1 ..... M" 

(2) au a.port ... 33, ""teo .. o1011cal eout ........... 
'.rtiDeat to 'cattu4 InJ .. t hnlcaa., Atl_tlc •• 
Gulf eo .. t. of tIM Vate4. leat .. " 

"Car1au
• 1961. va ~ .... t" to .,. OD •• f tile 1 ...... ' •• _.t ....... . 

of Iau ........ to btt the h1f Gout ......... 1 .. tke 1 .. , .... I'al ....... . 
ne ..... t1_ .... be ... at ....... 'her till. atona oalb fol' MY cllaD& •• in 
, .. __ Ie ... __ M .. ic.. Hitv1a ill ... fe ..... _ (1). 

"·"U 
''Carla" .... a oent ... l , ........ of 27.50 ,MIa.. Jv.t befo"8 _t ....... 

tile co •• t UMI' fort O'C_ .. , T-.. 'x, .. .,.1.1 .. e1l1 •• a1". fl'_ 1'a 
pola' .f OOCUl' ..... to tao 1.,ltuM of ...... 1 .... , .. .iDa flaar. 4"1 of 
... 2 .. 1 ,tel" • a_tra! , .... eve ill ... of 21.71 1ucl\e.. .out ..... 1' 
1l1aher th_ tile 26.to 1ach •• , ........ fol' the .. at till. latit'" i1l 
"8fer .. o (1). 

bo ",,"iDa .... ' ..... loIl • .,,1,-
n. wi" 'a a , ... _18 1IDl_ burrte ... _ 1. _r1 ..... ,Z't.aar117 tro. 

the en. -lila ..,lrlcal I'el.ti... '1'. pu, 1_ ••• ~o... fte ,." 
... , r ... t ....... 1ual'1't ..... t.a the h1f of ........ C.la. ..... of 
1'60 oa CM wee' .... t .1 , ................. -. of 1'57 in t ... -Laui.t_, 
all ...... to ..... hall ....aat at""l __ t_ ••• t .... _ .,...,.... tu 
~_i ... wttla theil' I'U,ectl ... 8 Cfl'. tIaaD ru.tt .... Pft10dly "." 



wou14 call for. AU ...... 111& at llOfIerat. !Oft ............ . 

0.1, •• 1'." ...... , "'1'&1 .. 1 of '1' ..... 11 .. _181 .... Au .~ 
.... for h_ .. CuI.. but lt ..... U.Ul)' cUt aaa11ata of tUM 
two ...... atOC'lU ,,111 eall for .... lDe'l' .... t • .,1_ to ....... t .. 
fft • P'MD crt for ......... _nie ... 1n tile hlf na1_. t_tau.".I, • 
• i_tew of 1.U u, ........ co COllY" tIM ......... II t., •• -
taU._ ... wi .. ,..t«u af ref __ • (2) ... pnvt. __ .0"._ to .... ' •• t'" of 1.14. 

tIM otta. ... a'''aU._ .. .tat .. to tIM .ff., .f ...... f fo~ 
_ti __ • JIa.. 1& ufw ... (a) .. p" ....... ~ ......... _ tlae 
rt.pt ........ , .. of taa. UMk an 1MI' ....... , .. ,r.j •• lel, ... -Italf 
tIN ., ... of f.,... "'OIl tot' fMt ...... t .. 1ft' •• ft1. tatl' .... U 
.111 ... , ..... bll, .,,11 .. 1. ~ p .. __ l .......... .,i.c.... .. La ... 
«'1' ........ &haN.-tta ,tel" little ft _ 1M ...... La ...., __ 1*1. 
t. ........ w,.... .1M .................. J I .. U ...... '1.1. ,1'., •••• 
...... ."U ... to • ftIl of .IIX e. ....... .,.... 

(If till. 01. fMul' .f 1.14 ... , .. ."U." to IlIaM ... of t_au .. 
taU .... n pRt __ • tlda ..... 11el4& a ,.ttH1l 1'.,I' .... tatt ... of JIll 
oa lM .............. u. .f tH ~ ...... of ... u. ... la, ... tty 
.. tU ,,1M patten ............ ). 

lie e ..... i.e ClI fft ,nit_Ie ._i .'111 laaI'rio_. r_taU •• 1, ta ... 
c ..... lat.or to ..... ert 1ft ....... , .., &.,'l't .... 'S to ,..., • ... f.- 1 .... 1 •• 1.15, INt .,,1, ~ ........... of u .. 1aU.- 1ft 
pat'''' 0111,. 

,_ .... ., .. . 
Qtef" ., ... _ ... loaf.cal hell. 
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IN RI!:PLY, PLIE .... £ AODRE •• 

CHIEF OF BUREAU 

"NO RI:"IER TO 

suneTl ~ ....... 7-ti, at ..... ' %1, 1'''. Iel ..... *". 
I.b •• an 1 .... 1 hle_ ... hoII_l. ..... I ..... fee 
tIIe •• Od_ .... 

1e' __ 1 OCI ............... , 17. I"' •• mc_ Cdt_", fol' * ... Od .... -.u ...... I' ...... 

1 .. 1 ....... tile __ j .. t 11 .. '..wu ....... 111 __ 
............ "'I ca. die ....... hdoca.. .f • 'n ... lo" ! I .... 
d_ (_) a, car.. laUe_ ... _ .f cel.al a...t ........ ooaf-
U ....... fen ...... , .... tile a-aU ... an to a ... 

MtM' tI 

ell , _". "I. te OCI 
I "'d! on. t. aD 

CMd .. S. CU .... QW 
II. I " ..... leI1ul ... ,a-
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UNITED STATES DEPARTMENT OF COMMERCE 
WEATHER BUREAU 

WASHINGTON 

.... u.t 21. 19S9 
CHIEF, U. S. WEATHER BUREAU 

WASHINGTON 28, D . C , 

.1010 "E .. IUI TO 

0-6.12 

hlat1ollalltp ... e- 1ft 1_1 'att_ .. '10' .. 1e ..... ' 
••• U for tile I. Or1_. Area 

hf __ HI (1) _ ........ _ 7-59. IIudI 3. 19". adatloulaip. 
Itetel. 1ft I~ ratten. aM h ••• '. M=t .... ta 
for '-- ... ",1 •• Ana. 

(2) c:or,a of ........ JadtaoariU. Dutdc:t 'artial DenDlte 
Project ..... t. c:.cral ... Intllaa 'lort .. Project for 
'1004. Coot"l aM OlHr Purpoa ... Part If ...... Ok •• eboll .. 
aM OIlU.ta. SectiClll 2--0..110 "-Dr .... hnlcao Ill ... 
... r Lake Ok •• e.D .... 

'¥ (3) .. ___ .... IlIJl 2-1. J_ 18. 1951. h ... ='" .f C.tn1 
Pr •• wr. I.fico. aloq AU_tic Cout. 

(4) ., •• " .. _. "SJIPlortlll tIM IJ'e .f Y),a.DD ..... 
1'51". IoUoUn of til ....... lIet_wloaloa1 Iociot,.. 
1101. 33, ... 7, S .. t ..... 1951. 

-1: (S) .......... ua 2-1. "... 18. 1957, rr..,-,. of Ca­
tral Pr_. 1Ht ... a10q Act.atle CNat. 

(6) _ ... r ..... 1ft 7-42. OtItoNr 11. lf57. Itm' •• 
Project 1Iur1_ 'Ulilt ..... I_do. 1li6-Gla1f Cout 
If. S •• '- I .... 'tm' •• Project "rd_ ...... 
I'oIItCllaartralD • 

!he 'n' .. 1 ........ -- lurrl_ (a.) ~_ ....... 1e _ei'" .. 
• • cor:. po ..... iaa ...... laatloa of dr., .. teri.tic. u..t will .... tc. tIM ...,.1 .. 1 an:' • ".1' laetalat < .... > 14 air' r' ... _ tIM .. tI'l 7 teal ti... !11M. cUr_ted.tio. are 1M! HlaC" Co tbae. of tile 1ft al...., 
..,,01 .... for loDe. (nfar ... l 6). 

!he .-_t .... cUt "celldae ......... ...., are .... rtWl,. of t:w 
tJ'pe., pb,r.tosr...,.c ... trot-J.ostc .... otal,. tile latt.r will lao fie.. 
cu .... ber.. stK. tIaa opta- for 2ft ..... of • ,. ta .... nt C 011 



·2-

1*1-'esr .. lI1c hc~_" • r ... of I.,... ....... 1. &1-. 

TIle .. "ucla lD 4at ...... laa the ,. cbarectulttu. hue b .Wla' 
to cUt la' .... lUI. 1-59. AU "~"". ther.fon. refer to lUll ,-st. 

"'utY Mm. ''!1M lI1 .. uc efter., of tile wi. 1A a l'Iuni~. 
la ,n6M: .. '7 air noel .... ro .. the 1"an twulll 1_ ....... 
,"S. Ia '1''' cUt ~Ile tocal kltlttle •• 1:., In til. air cel_ 
oath,. up tile lIDrrie_ .., r..,p .-tat ...... u tile 4Ii •• l,aU. .. 
dfect. of fd,ct'-. OK' iDer ..... tIau. _.t b •• ac="a, atr tbet 
!a __ tMa tile 'I'IIl_-CGIIp_tatiq "acajiaa air. Oriludl,. 
la ella .tIsWp' er •• eft _..u. .. ean_t 'II ••• 1 .. tIIa i" 
~aa- .... 1Iletc...at .. ""eat ......... _r "*' it. lllir-
rounlllf. ... , 'nI1. c:oH1tte. t.... te taIIl"lt lite anloprr -t of 
kiD.tie ._., lD dI. ___ .f • pre-atttl .. _d_cal t_ 
,er.ttn:e .Uf.r-enee. " 

Tb. u:ceptJ.on to thl •• _&1 rule "&01" ,... ttl. l_r lAIru ..... '"'" 
..am .... bt aM tbe uppu 1.apere r.latlYal, cool. n.. 1:.1_ of 
lat .. e bMt __ tile 1_1' atr rb •• c , ..... t .. lor tM a41i"'-tJ.e cool-
111& ....,...b to lq.~. tbat it r~A WHaM' tbaa lila e1l1k1na atr. tllu. 
glrl ... IIIlDettc-"er&7-p~in& qat.. n. atwlo.pbu. 1e tbao 1',. 
ferr •• to I. b.tas eonyecti~17 un.table, 

.ee .... til .... ,"'elacs .I.e •• t .ffecUy ... a 1aeat Man. b. 
June tbRlUCb \)eto"., thO __ tift lD.c8illt7 t ••• e tt-" 4Iar. 
Ina: tilt. __ on. na. ,ueuacll of eM .ff .. U". baaC _ ..... ,. .. .. 
..... .w;(ae. t ........ ur ..... tNolatlo1l, rel.l",}' ftn4 factore. n. 
.... lorz-t of .. u'_ 1a.c_1U17 tAl 1n1ti1llU .. III, CM ..... tpath. acetem 
of local COIIYacU411 IIIl4 tlat. acC1011. i. bani, 1. r.4 •• '" ,. .. t, _ fiaeC 
,~'leal prop.ret •• of tb •• 1F. 

"riae&'afor. eM .... f •• e_U". lut8l1iCJ tlIoat c .. 14 ~at • 
.... ... • ".U81. to .ad ... ~_t ~ .f th 7' pr ••• bie 
eateacn'1 1a 1lOt .... .nt.MrU1 .. _ ... of ..... _C .......... 
,r.sent for .were p'" _",-,. 
estEll unw •• "".1,1" eM __ t .tptf1cent c ..... acC ... • 
hUe of • 1Ivn'- i.e ita cnt~ ~ ..... ~ ... lrkal 
ralat:1oIIe 1I.a- dab .... o~ eb _ten"l •• of tile -.rrt_ 
(at: 1 ... , I.sJ it ........ t .... > Un ~ 6n1aaIIl. ,, __ teeet ..... 
with pr_ armm' eM .... i .... 117 ef Ute .t_ u. ~rel ._ 
eur. "" • If,alc _ ...... lI1Htia _..., ca ......... nh4 
1a _ UM ... cite ,,- _ ...,. ~ tile ., ..... k ..... _ ..... 
'f'IWDeb fartIter tr_ ..... ~ .t _ ~.t .h. doe ceatnl 
~"'."r ... 1_ •• lIlwb.lI': .... til. r ....... of _,_ wlll4l.., i~. 
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!'*MtM1, ' S"ltp. u_ • banf._ ext""" to tat. 
l~ 1_1 (AI _ .... Pt of S4.410 fMC 1n • .,..t). with • 
.... fM. t I "~. at 7'-". a&t1irltt". U __ • ~U .. 
111 ...... t .... 'M'.sf .ir d __ lat .u-.elcal1,.. .d 
tile .,. to tile 1 ..... Incl. Aif:.t tM 100. .. 1..-1 ..... .. 
tM _ t ,.~ ... tJaa ale ~t .. _be ...... U .. U:r 
f~ tIM _face •• M .... ., Mt ... .lcal17 la tIle.,e. 'ate __ 
Uca1 ' ..... l1IH 4Utrt~tleeo , __ .... ~ ..,.....Ue _ 
tv,.t'''' .... a a.rfece pr....c. of 2S.'0 tlcbl' .f ..wcwrJ. 

I.WW'·" CnulIo ,a.,etca1 1t1dtatl._ wIl'eIl II1Uta, • 
... bat _It _ -*_ 1 .. ,.. ............ ~ ......... -
.-tatal, ...... e: (1) __ ta aM .... u fd air •• 1 ... 
4:..,1_C& aM e1 .... c:ut u. ....... -.. til tile ........ 1 •• 
'or: .... 1 ••• bt4t .. ,. _ual ~ ..... It)' .. ~ 0'41) 
lDdkat. tMt air at eM 4GO .. Iftti. h cilia ., •• U I.n to .". 
.......... f~ til. 100 .. "'U. 1_ .... the ..rttaal ~ .. lac ... 
_ta •• ___ 11_. (2) .., ,.. ..... whldl .. _ lara. _ta 
of MKw'tec air ... at of a .... te, be .. eRUI7~C:-- '111 pecIC .... 
TtIaa. I1111tat __ • 1\IU .. t t1Mtt • uatral ,t .. luta of 2~.)O ladl •• 
'I .r~l:r below th. lGWeI' Itk.l, to occur. 

111. ~t tw---- _ r: .... (1 •• t"...) .... 16. U' 
lpch.. lINIn , •• r .... to • If ... dais ... tIM 1_, tMt 
au •• _14 ,.. .... 1' ,.0"' •• , It 1a ~. tb reflJre. tlMt 
• Ml ... QMIr at.OO" b tnJ1eal ,... the ,. .-'_ t. til' 'fxapie .. .. 

".'''I.SI1 £"
c14 .. '·' 

"'IE' tf pis •. ftIe loU ..... nf .. , .... .. _hal ... 1Ift-.. 
... ae aI_ be c-s. ..... la • ~_uo. .f rille .. Ie tM •• 01'1..-
z-., (1) ,. '" J.aIIe 011. rhh .. , ref ... _ '-'-/0 (I) •• IIIa11Md a .. 
aCUti ... nf __ [.,. (1) .... .... .... ef-•• SI I ..... f.a tile 
'lorue ..,. elora .f ie,t .... 2 •• "1; (4) l_t _1._1 pr .... _ 
_ ........ of 26.135 ' .... h .. lie ..... t 18. UJ7, 460 ail .. _t 01. LuNa, 
It .... 16"., ... U) .... pree .. r* of •• 43 1 ..... h • ..-_ t,. ..... 11- 20 ... . U S"&. 1a Aacoat 19)1. rof_. l • .1. 

hlrn".' • • , tnriW ,,,,,at U7 7 'M Ft' •. CW _tIMf ., 
.etlMU .. tile central ,l'1tHUC'e for: a JIll at til. If. Or1-. '- ... to 
atrllpOl4Ito DOn ..... t. tbe 2. ' . l.eLc'" th l_t a.atftl ,hllawt .. 
oat .. "", lD tJa • ...noaa tnplca1 ~ ..cl .... ia tile prac ..... 
par .. r:apb. 111... ncr.,.,latlon 1a _I: S lu...t "d.. npS'a 4-1 .f 
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_ 1-1 (nfw_. [3 i). at ... t~l.tloD ytel4b .1_t ceRttal 
tw .. - •• f 27.10 ..... i. at 29". 

n.. "'Ute ,,, ... g ... '-.lcal ~lGU jut dlMtl ........ 
, .. t ..... poHllIIUlt7 U. a 1_ val •• ,. qe II "'1.. Illldl_ .. el, ra.­
U .. Jiel .. I l~ ..a1 .. of __ t 27.to t ..... 

",sm .. SP, .............. 1.leall)'. tIN atln Culf of llatco 
.., Ita Mi. _ Ita ... die Taoeplo ... 1 ......... flirt of the .~ 
I.U9 . ., tWa ..... ~ Ut.e air" wt. svrf ........ __ tiell, 
c:be _ .... ~_taU .... , .." tile CUi"..... 0Da IItpt tbela •• , ""'t b the ,CI' "',Ut7 of .. _ .. ~ • .-II .. tII.U .f tbe 1131 PlOl"" Ie.,. (e.ual pl'UIoIH .. 26.'S 1M .... ) at _Ul t..t .... t ·· 

,,,_.1, lIpf ............ ,loti, ~ 1' .. , .f all tile ...tt_le e .. tral 
,.. .. _ .. at tile _t Ita. of Irwrtoaaa cMt ...... tbe ~ la '101'1." 
(UDe ') .... .., L .... ia II. S. r_eea. 0.11 US- G). 0.1, ceKnl ,....-
Mn''' of 11.50 bdr .... ltal_ ._....... n. "I'I1iPt ltaM ..... 111_ 
fitt .. IJJ .,. to U. ... -(tIra 'lor'" &., bnic_. poW A. nee lOU-
alder .. ta -"'ea cia_ nn1jk lifte for r) . 

.... _ tbat if a ltona _h II tho lAboI' III)' ..... 'c __ • to _I' 
oa tbe Louili_ ~ b _14 ocCltP1 tbe _ rllltt •• polition to tla. 
l.ft at of 1111. c: .. II. (the I.aIoor .." .eN) baa to 11111 .,.. rue 1 .... 
to • val •• of ~f 26.'0 iuchee. 

'nIL1 III~ .-1_ f.cn .. _tr _ _ te .. Uotol-.lc:til, .. phJ.to­
an,Ucall,. 1''' , _I.; .to_ al ... tIaa _rtlaft. Culf •• _ ..... j .. , 
to tile "'ecta of ... ta- iiI' .rn. tllla ~""t .. to tbe .ffect. of 'WII' 
tl'ClqU ~D& 18 In. the .nit .. _*. 

Oa $ .. , ___ 21. 1934. a ".' CeHd1 ,.r ..... of 26.93 ....... 
.... weeoc'lI 1 •• I:J"IDIIII tMt taU J .... IlIII' "0. 1_1hMSe. ~,we 
... fore" t4I ...... tlret .., .at .. of _.tn! ......... tIIIat bu GeF ....... 

• t 33" latit .... _1' Ibo _ u the _til. at ~ .. 1IItlt1t4e. 

era£!.f _ FCUel UMer., • ~ _Ibmt_ .. _ iJi tIae nor'" 
':'" la _ ,. .. t ef IS- ,.. dre I'IIt .f ........ dIU I.U .~ ... "Ut7 
of _alT.,. h ~ 1i1ca1J''' Mac... tIIIJa _ b. , ....... ~. '!"au.-
1 __ the.at_ of 16.80 t .. b. at t ... ~a.. co-c I, II8l ......... 111 
t:he Be _lMratlolul aal ...... _tr:-.1,. 1_ pnIt_U1C7 "al .. te "'11' •. 

the otll« COIlIIl"'~ tUn ...... ,1_ die _ .. " .. _ti .... 
--.. Jie1 •• "-t wrl_ .f M,U"" '" C ....... utu. i. ~1 •• f 
a Ql.,. diPtl,. 1.onr cUD bu «YII' _ ...... , t ...... lMitwM ... tUIr 
factoc. int.o _at"l"IItjon). 



Dl. atlll&nl ,.. ••• _ --.1 .. ,tel .. vta4 ..... tUc. HII a-C 114\ 
.f ... ".M ....... 

, 1'- " 'T ttd.· ""on ... ilia· 'gina ~ 
dtftMted.II&U. to ....... ...-elf.Mt ",ted. '- tile IN 
IAllie., .. _ t.t ..,,!or dwll_ .... *,.._ A ...... 
_ta .. w1dI -.1 ... -'lJ. .f • ..... 'DIl. t_'UD" La 
too aliPt to .... nl'*'e pl" f.fI Be t:rltert.. 'lite r ...... • 1 

« 1dM f_ dwI _ a-t ... t .......... _ 1f11a1tU)' J.araar 
.. tIIM of tM 1 ...... __ 1IIl. " 

hE "..... 7eI.rt ....... fw. uo.t ,S to 30 01' Ii lraota •• 
_1: ... -..1. 1M tIM all. .. •• fa .... t1a.t1 -W .... 17 tall .. COIId&tloaa 
uMttot ,,, " ....... o..ua1 '~I'''. 

ewlwZRI' he le ........... tlillla tIM: .. t r' ....... I. ooe.fftc·leat 
t.o _"Ol"t tIM .... '-"11 tit _ .. -* io 1141::" rw ....,1 •• t .... 
100 .. It .,. l~ bu •••• 114' .... et~. 

fol' t ... 1'Mi_ af s I wi.... 1t 11 .....-_ Qa • V&l.Il1 .....,. 

to. or .U.Pt11 lara- t.... that of the' ,n b, ..... 

iIIJ)' to.! .... .,...s .f tr_latioD .. ~_ 5 4ID4l l$ iwotl 'a ..c_l •• -
ica11, ace.-'e. 

Au:~tA 

"' $ vitia aU. to OG 
2 ~Ull In. to ... 

~l •• $. &11..0, ~af 
"""eoTO.l.C4l Secti_ 

I 



6 -_ •• '.I.~' __ ~.lt __ .t ••••• _ •• ""I--_rl_I_ ... _k __ f .. __ --M_.~-~_M._·_ .•• -~'~;~-.&_t@ __ ,-•• ~U.~~,-'\---, .. --•• ,~ ___ .--'.-.---.--------------~;IJ--~~~,~ tau- ~ 
-I " 

FiS·1. Gra.ph csf ra.nk of!. centra.r press Ltres at 
Coa.st -for hu.rrica.nes less thOot"\ 28.50 Lhches 

(18se - 1957) - to... Flot'"idQ. (F) ahd Gu.If CoO£t (6). 
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I 
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UNITED STATES DEPARTMENT OF ~OMM5RCE 
WEATHER BUREAU 

WASHINGTON 

June 19, 1958 , 

YIIIOJWID'bK TO till COIPS 0'1 BlIGINIBI.S ' 
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PIOM Bydroaeteoro10sic.l Section 

'N "'PLY. PLIU.Sa: ADDRESS 

CHIEF. U. S. WEATHER BUREAU 
W .... HINGTON 1111. D. c.' 

0-6.12 

suaJICT 'riliur •• Dd WiDd. over the Gulf of N.xico in Hurricane 
Plossy, S.ptemb.r 23-24, 1956 

• 
IIPBIIIICI: OCB M..oran ... , !larch 17, 1958 

Intro·ustlop 

Thil .tu4,y of WiDd an. pr.,.ur •• in the burrican., a. it appro.ch •• 
• n. cro •••• tbe Mi •• iasippi l1.er Delt. durin. the p.ri04 fro. 1800 CST 
S.pt .. b.r 23 to 1230 CST S.pte.ber 24, 1956, ......... an Ai. in comput-
ins .to~ .urS' by.rographs alons the qi.-Gulf coa.t. 

Ifack 

Th. track of Hurricane rIo • .., on S.pt .. ber 23 and 24, 19S6 .ith hour11 
podtio.a of the cent.r lndicat •• 1e .hown in flaur. 1. Th •• tOI'll lIOYed 
off the Yucatan ranin.ula into tbe Culf of Mexico on S.pteab.r 22. It 
JIDY.d northw.rd aero.. tb. (;aU durina the 23rd than reeurve. to tbe aorth­
ea.t J •• t off tb. Loui.ian. coaat. The cant.r ero ••• d th. Mi •• i •• ippi 
li •• r Delta betwe. Bura •••• "rrwoo., La. betv •• n 0300 CST. and 0600 CST 
Sept .... r 24. Coatinuina north.a.tv.rd, the center mov •• inland near Val­
parallO, Pla. about 1100 CST S.ptemb.r 24. 

CRtra, pr ••• pr.. '!'b •• tom de.pened .1owly a. it laO." nortaverd 
aero.. the Gulf 'of JIa.1co. At about 1600 CST S.pt"'.r 23 when the .to~ 
••• e.nt.red 130 a.utica! ml •• lOuth of .... Orl .. n., La .• a r_ODDai ••• nc. 
fliaht raporte. a cantral pr ... ur. of 29.06 inch... On tb. aulJ -ni. of 
t~. 24tb at tbe tl .. tb. h"rrican. c.nter mov.d aero •• the Hi •• i •• ippi D.l­
ta, th. centr.l pr ••• ur. v •• co.put.d to be n •• r 28.80 tacb... ft1 ••• lue 
... baed Oil th. mat.. pr .... r. of 29 .03 inch •• reported .t Burrwood a. 
the cent.r p ..... n th. DOrth of t~ •• t.Un. _4 a pr ••• ur. oa. •• na,io. 
of 28.94 llleh .. ina •• hl, that pa ..... v1tbin tb. aye of tbe atom about 
0900 CftSapt.u. 24. Lat.r on tla. 24th, aircraft racOllnai.HaC. re .. 
port ... .tat ... pr ••• ura of 28.76 inch •• when the .tora ••• center .. J •• t 
off. '.'acola. Pla. At 1725 Cft .h.n til. cent.r va. ero •• ioa tM coast, 
a .1' ..... Ullin tile .ye at ... tin. Pla. allO ob.eTV ••• ainisla ", .. aur. 
ef 28. J6 inch ••• 



....• ~. 
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"""trr of th'ptll.,r, fi.1d. Tk. pr"'ur. di.tribution around 
ta. llurrican. va. uy.Htrical. The .trona •• t pr •• hr. aradi_t n.ar the 
cent.r, but b"ond the ra4iu. of aaxiau. win4, v •• in the forwar4 •• ctor. 
Th. pr ••• ur. sradient va. weak •• t .outh of tae center. In th. riaht •• ctor 
of th. .tora, at a 4i.tanc. of 100 .il.. fro. th. cant.r an4 beyond, the 
pr ••• ur. ara41eat va. sraat.r than th. ,radient. that occurrecl at thi. di.­
tac. in th. oth.r diracttoD' (figur. 2). The proximity of the IUbtropical 
-tab to th. nortb ... t probably contribut.d to tb. lers.r pr ••• are gradi.nt 
in thi •• ector at a di.tance fro. th. c.nter. 

lI.f,uI' ptof11... Pigur. 2 .ao.. pr ••• ur. profile. in the forward 
.actor of th. .tora at 1830 CST S.pteaber 23 u.i.. ta. r.conaai •• anc. ob-
•• natio. of 29.06 iach .. at 1600 CST .. tIIa Jlitaiama prellure and for th. 
p.riod fro. 0000 CST to 0930 CST S.ptemb.r 24 ".n th. .tor. had d •• p.n.d 
and d ..... lop.d hurrican. fore. wi.... Bayond 35 atl •• from tta. canter the 
two vi.ually-fitt.d carv •• corre.pond v.l1 to pr ••• ur. profile. d.riv •• 
fro. an exponential for.wla indicat.d by ... had Itne.. Ship. ob.anation. 
of pr ••• ure in eacb quadrant for the period fro. 1200 CST Septembar 23 to 
0000 CST S.pteaber 24 wh.n tha .to~ wa. movtaa north to northea.tward are 
plottad i_ fisure 2 to iD41cat. th. diff.renc. in tha pr ••• ura 'i.tribution 
in th. riaht .ector fro. th. 4i.trtbution in the forw.r. 'act!r. Ob •• rv.­
tioa •• t Burrvood and New Orl •• n •• r •• 1.0 plott •• on ta. ch.rt. A curve 
baa b.an vi.ua11y fitt •• te the ob •• rvation. in th. rtght .ector to indic.t. 
th. probable .ver .... lop. of th. pr ••• ur. profile iD tbat .actor • 

.!!!!. 1.0 .... 1 pattern. w.re COD.!tructed fra. .aip ob.anation. of ViD' 
.p.... ViD4 .p •• dl ob •• rY.d at coa.t.l .tation. aa' adJu.t.. to 30-ft over­
vat.r .pe",,, .. 4 ov.r-vat.r vin' ., •• d profU.. cOliputed from pre .... re 
profil .. ill tha forwar4 .ector of tb. Itora. 

c.o.it. vJ.lld .pa. cMrt. To 'at.rain. tba featur •• of tb. vind 
fi.ld ~t p.r.i.t" ov.r • p.riod of tt.a for u.e vitb the wi_d .p.,da re­
pert" at 3-Ia01lr1y i_t,nal. by the .hlp. and coa.t.l .t.tion., a coapo.ite 
CUrt of wind Ob.anatiou va. CODItructad and analy." (Usure 3). A nu.­
b.r of .kip r.port. and vind .p .... ob.arY" at co •• t.l .t.tion. and ad­
ju.ted to 30-ft over-w.tar .p.84. for tb. p.riod fro. 1200 CST Septeaber 23 
to 1230 S.pt.-b.r 24 w.re plott ••• howtns the po.ttton oft., ob.arv.tion 
fro. the .tora cant.r ill r.lation to the direction of forw.rd .,U.OD. I.o .. a1l 
were drawn to th. jet. vith extra va"bt b.iaa aiven to th. ob.,n.tton • 
.... • t 0000 CST 'e,t.-b.r 24 aD. later. 

Con.tdartbla ..aothlng v.. Dec •••• ry i. analysing the .bip raporta be­
cau.. lar,e •• riation. til 'pa,d •• re fr .. uaatly r.ported vitbin a aaall 
.,... The ••• ari.tioD' ., bav. r •• alt.d frOll .quall. ill tha area whicla 
aff.ct" oal1 part of the .btp', fro. ob •• rver. over •• tt.Atiaa or ua4ar-
.. tt.Attq the ViD •• peed, tiff,raDc" in th. actual tia,. of tbe ob.erv.-

~ tion., and traae.1tt.l arrore. 
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The .. xiaua l.ovel. In th.rlabt .1 •• of tb •• tor- vera ba.ed largely 
OIl tb ••• tograpbic vind .,e .. record •• t Burrwood, J... In tbe left sector, 
tb • .axt.am i.o •• l. vber. the data w.r. lackiug .r. b .... on 30-ft ov.r­
vat.r ap .... coaput.d fro. pre •• ure., (flgur.4). Th. 0000-0930 CST Septem­
ber 24 ..an pr ••• ure profile in tbe forward •• ctor (filure 2) vas u.ed for 
this purpo.e. 

Wia; .p •• ' ".tribution •. Th. co.po.ite wind .p •• d patt.rn (figur. 3) 
18 .uite a.,...trical. Sp .... ar. cODai_rebly ~ilh.r at about 100 ail ••. 
troll tbe c .. t.r in th. riaht •• ctor tban for tb ••• e diet.nce in other 
direction.. An ia.pecti.n of w .. ther chart. for the p.riod .ullest. tbat 
tb •• tora circ.1.tioa ia t~. .ector va. r.inforc.d bl tb. lub-tropicar 
HiSk. A. a ~lit.ti.e c~.ck oa tb. v.lidity of tke WiDd .p ... ob •• rv.­
tiOD. in tb. riskt lector, Ir.di.nt viDd .p .... for that sector wer. com­
put.d. Th. ca.put.d .p •• 41 i8 the rilbt I.e tor r ... iae4 high.r than tbe 
co.put.. .peed. in the forward sector b..,... 60 ailea fro. the ceat.r o •• r 
the tietllDC'. coap.r... Botb th. ecroDl.r pr ... ur. sradieat and tbe 1ara.r 
ra4iu. of curv.ture of air parcel. in that .ector would lead to hi,b.r vind 
.pe.d •• 

DefllSU.on 19,1. 

A compo.ite via. d.fl.ctioD anll. (the anal. b.tveen the wind direction 
... a taaaeat to a circl. about the cent.r) patt.ra over open .. ter wa. pre­
par.d froa. plot of d.f1!Ctio~ ana1e. fro. .bip r.port. at 1200 CST, 1800 CST 
S.pt.-b.r 23, 0000 eft and 0600 Cft S.pt".r 24 and fro. report. frOli Burr­
woo., b. fro. 1800 CST I.pt_c 23 to 0200 CST S.ptellb.r 24 (filure 5). 
Th. chart i. a1i,nM to t~e nortb. ..artlle rHia. of ..axi .. wind .. -
flection ana1e. of 20· wer. a •• a.ed becau.e of a limited numbar of reporta. 
Th. 4.flection ... 1e cbart i. not applicab\. in the nortbern portion of 
tbe burric ... DOrth of 29· 30'N latitude ju.t off th. Ki.ai •• ippi, Ala-
b ... an. aorthv •• tern Ylori ... oa.t. Deflection angle. in that portion of 
tbe .tora v.r. near 90 "gre.l. 

1ev,l chatt. 

1.0 •• 1 chart. at 3-boarly interval. were con.tructed for the period 
from 1830 CST S.ptember 23 to 1230 CST S.pteaber 24 (filur •• 6-12). Wh.r. 
ob •• rvat1on. vere availabl., 1ao.el. w.re dr ... to the o~ •• rv.d .,.eda. 
Thi. analy.i. wa. than compar •• to th. co.po.it. wind .pe .. patt.rn (fil­
ur. 3) for cOG.i.tancl aa. for aid in con.tructial the i.o.e1a vh.re there 
•• r. no o~l.nat1on.. The WiD' Ipeed profile coaput.d fro. the pr .••• ur. 
profile at iSla CIT Sept-ab.r 23 1. the forward lector ef th. a~ra (fi,­
are 4) w .. al.d to conltruct the 1.0.e11 near th. radiul of aaxi ... wind. 
at that t~e. The i.ov.l patt.rn at 2130 CST Septa.b.r 23 V.I interpolated 
bet .... the 1830 CST patten'" the 0030 CST S.pteaber 24 p.tt.rn. At 
0330'Csr and 0930 cst Sapt~.r 24 wh.n 11ttle or no Ihip ob.ervation. 
w.r. available, the compolit. wind .p ... chart adjulte. for coa.~al ob­
.enationl and for continuity vith adjacent patt.rnl va. u." to constract 
the ilOY.l pattern ov.r ta. Gulf. 
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Wind directioa .outb of latitude 29°30' ar. determined fro. the 
deflection anale ckart (fiaure 5). Wind direction. in tbe Gulf north of' 
latitude 2'-30' were detaTaiaed by~treamline analy.is of observe. vind 
direction.. Tbe.e derived wind direction. are indicated by heavy arrows 
on the i.oval chart •• 

Ob.ervation. at coaetal .tation. vera taken on tb. half hour and , 
.hip ob.ervation. vera made on the Dour. The po.ition of the hurricane 
center i. indicate. at the half bour on the i.ovel chart., figuras6-12. 
Thi. differeac. in the tt.a of tb. ship ob.ervation and tbe ckart tta. 
cau.ed tbe .kip obs.rvation. plotted on tbe i.oval chart to be di.placed 
about fi.e .tl •• (tbe aver .. e forward .peed of tbe .torm was 10 knot.) 
fro. the c_ter. Because of the fn obeervation. near tb. c.nter thie 
4IJ.splac..-t 1a not conl1c1ered l1anif1cant. AU ata .hown in tbe COlll-

-po.ite chart and the pre •• ure profiles vere plott .. relative to the di.­
taace of tbe obeervation point frOit the center at the tiJaa of observation. 
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'0' C .. tr.l pre •• ure (inche.). 21.80* 

Pn • A.,-ptotlc pre •• ure (inche.); 29.91* 

'p' lIiIXlawa .radiut vinci (lapb). 74** 
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UNITED STATES DEPARTMENT OF COMMERCE 
WEATHER BUREAU 

WASHINGTON 

IN REP!.. 't'. Pl.EAS£. .... OORESS June 19, 1958 CHIEF. U. S. WEATHER BURE.a.U 
WASHiNGTON 2'5, O. C, 

0-6.12 

MEMORANDUM TO THE CORPS OF ENGINEER.S 

FROM Hydrometeorological Section 

SUBJECT Pres.ure and Winds over tbe Gulf of Mexico in Hurricane 
Flossy, September 23-24, 1956 

REFERENCE: OCE Memorandum, Karcb 17, 1958 

Introduction 

This study of wind and pressures in the hurricane, as it approacbed 
and crossed the Mississippi River Delta during the perio. 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 fisure 1. The storm mov.d 
off the Yucatan Peninsula into the Gulf of Mexico on S.ptember 22. It 
moved northward across the Gulf during the 23rd then recurved to the north­
east just off the Loui.iana coast. The center crossed the Kissi8sippi 
River Delta between Buras and Burrwood, La. between 0300 CST and 0600 CST 
September 24. Continuing northe.stward, the center moved inl.nd ne.r Val­
par.iso, Pl •• about 1700 CST September 24. 

Pre •• ure 

Centr.l pre,suIe. The storm deepened slowly .s it moved northw.rd 
.cross the Gulf of Mexico. At .bout 1600 CST Sept.-ber 23 when the storm 
w •• centered 130 nautical miles south of New Orleans, L •. , a reconn.i.sance 
flight reported a centr.l pressure of 29.0~inches. On th. early .ornin, of 
the 24th .t the time the hurricane center moved .cro.s the Mi.si •• ippi Del­
t., the central pres.ure w.' computed to be near 28.80 inches. This value 
w •• b.sed on the mint.um pree.ure of 29.03 inches reported .t Burrwood a. 
the center p •••• d to the north of the .t.tion, and • pre.eure observ.tion 
of 28.94 inche. fro. a .hip th.t p •••• d within the eye of the storm about 
0900 CST S.ptember 24. Later on tbe 24th, .ircr.ft reconn.issance re­
ported. minimum pressure of 28.76 inches when the storm was centered just 
off Pensacola, l1a. At 1725 CST when the center wa. cro.aing the co.st. 
a dredge within the eye at De.tin, Fl •• a180 observed a minimum pres 
of 28.76 inches. 
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blIN). Mldl1... Pipr. 2 .laow pr •• tur. profU.. i. the forward 
... tor of. • ..... t· 1.30 Cft Sept__ 23 u.l.. til.· r.collllAi.lIDC. _­
..,...tloa of 2'.06 1M"- .t 1600 CST u tIa.~ liiataua pree.ur. ad for cia. 
p.rtod fr. 0000 Cft .. '.30 CarS.pt_.r 24 _. th., Itora bU ... ,.14 
..... 110,.. barrie ... fore. wi..... ..,.08d 35 1111 •• fraa tM clDt.r tilt 
• ,,1 ... 117-f1tt" 0III'YIa cerra.p0a4. well co ,1' ...... prctfUee ... ,,, .. 
ic. _ .... a.-ttal fo~l. Indicae .. It7 ..... 11.... llit,. ob .... 1oo. 
o. pr ... ur. in IIC. ....r .. t for the p.rto. frOB 1200 cst' Septa.h.r 23 to 
oaoo Cft • .,t.-bar.24 _Ill th •• tOI'll .... acrnD& DOl'th to north ... tvaJ:' .re 
pliot'" ... fl.aut. 2 to iH1oat. th. 4U!.r.... io tb. ,1""'" ti.ttibtltlOll 1. cia! r.tpt .eotor fna th. tU..trtbution to the forward _.t.r. CMNtI:"l"­
t.;o..1 _ aurJ."WOOO ... B_ Orl .... Il" al80 plott .. 08 tM cllart. .. cune 
.... It .... ...t.au.U.11 fttt_ t. the ."l'Y,t1oa. t. tla. rtpt IICtol' te lIMicat. 
th ~1 ....... 8lope of tIat ,1' ....... ,nftl. In Utat _c.. 

1111. 1 ..... 1 ,.u.n. V'I" coutruct •• f .... Iat, ........ ctOll.of vi.a4I 
.,.... vi .... ,.... ob •• rn4 .t coa.tal .t.tloa .... "jut" te 3O-ft o..r-
vater .,..... aM OV'1'1_t.r vtn ... ~ ,roftl".GiiiiUt-"=fJ'Ola 'r ....... 
,'Ito.tl.. t. the fenan. ... tor of tH .eom. 

s;w,.1t. Da4 ... eMFS. To '.t.ml.e til. f .. tur •• of the vtH 
f-,l. tilts ,.,.t.t .. over. P'l'iM of ~..... fft' u •• vttla the .tn .,.... F'-
JMtrt ... t '-1aou1, 'i.' .... l. It7 tJae ......... t.1 .tatl_ •• '. oaapo.I.,. 
cllut .f, ..... _....-t_ v •• __ t~t .... aDal7 ... (ftiur. 3).. A· ... 
Ita of aid» r.,..t ... vinci .pa'" ab.e"," .t coute1 .tlti01l' aDd ..... 
~t" t. 3O-ft ower-wat.r ...... itr tla. pertod fl'. '1200 Cft lept"'1' 23 
te 1230· 'tpc.-.24lfK. pl.ttH Rovtoa tM ..,ttlon of .tM oltlll'Yat.loD 
f.- tilt Hom cat.tar.l.tt_ te the dtFlOttoo of ·fo:rwa.r' .U,oa ........ ... ..... *_ to til. ac. vitia _tr' v.tabt btlaa ,i •• t.o t'be 0"'1:"1'_100. . 
..... toooo CIT ....... r 24 ta' 1at .... . 

COo.' ... l. __ thUa v .. n ..... 1rJ' I.a _l,u .. t'be .lat, r.,.t. __ 
.... laq. v_iatloa. t. • ., ... ver. fr,.vent17 rtpOCt" vitlaln _-'1 
..... ftat. YUtattoaa M7 Iaav. r..w.t .. fl' ••• _11. ta tIM .... _wIW!tII 
a,fect_ oa17 part of the .Id .•• , fn- ob •• TYIl" oy.ruttMtt. oc .... -
.... cu.· eM viM .p ... , tiff.rac •• iat ... ··actual tiaH of ............ -
t .... , ... traae.ittalacror •• 



, Th. _xi .. (MY.l. 1a the risht .1 •• of the .tona •• 1'. ba ... l.rsel,. 
.. tlaea.coar .,blc "i • .,. .. recor ••• t Burrwoocl, La. In tile l.ft sactor, 
tit. -.iall lao •• l1 vb.r. tb. elat •• '1'. lac1tlua .1'. b .... on 3D-ft ov.r-
va'ft ., .... co.tNt" fro. pre •• ur... (fLaur. 4). n. 0000 ... 0930 CIT Sep~_-
ber 24 .... pc •• aur. profi1. in the forw.rd .ector (filvr. 2) ... u." for 
tau • ....,ua .. 

Vhf p''''''m&1pMcl.. 'ilia eOllPOlit. wi •• · ..... p.ttftD (lipr. 3) 
t. "alt • ..,...trlcal.lp .... u. c ... t ..... 11·" ....... t abn. 100 aU •• 
en. til. c_t.r ill th. ript •• ctor tb. fe th. .... tin.DC. in oth.r 
directionl. All la.pecti. of " .. Cla.r chart. fortliep .... iod •• , •• t. tnt 
~Il. .tona oirc1l1_i08 1a tlli. .ector ... r.inforc.eI b7 tbit,,8ub- tropic.l 
1lia1a. .. a ..... tt.tt ... c:1aack OD tb ... alielit,. of t_' vilael ., ... ob •• n.-
ti... i. tlte rJc1at. .actor. ,r.client wi.d .p.84. for that .ector Wer. cc.­
pvc.cl. n. c.put" .p .... i. tta. riabt •• ctor r_d ... lalahal' til. die 
,..,..t ... p ..... i. tIM for:.rcl .ector bqcm. 60 .U .. 11'011 eb. cat.r .... 
tIM · ..... tao •• coap.... loth tb. atroq.r pr ... ur. aradi_t •• d tb. 1 ..... 
r.tl1u. of curve.v. of .1r' parcel. in that ·.ector would 1 ... to hi,b.r ..... 
• p ..... 

».fltctioe IDIII 

A COIIpO.ic. vi .... f1action anal. (the anal. b.t" ... tile wiDd 411*:&iOll. > 

••• t .. at t •• circl. about theeat.r) p.tt.rn over .,.. _tc v .. p~ .. 
,.rM fl'. a ,lot ., .f1acti_ ... 1 •• fr ... hlp report ... ·.t 1100 eft. 1100. CI'l" 
.., ...... ·,23. oooeca ... 0600 CIT Sept"ar 24 ADd frOli rapol't. frOll aun­
__ , La. tn. ilOQ eft Sept __ 23 to 0200 CIT S.,c....,. 24 (f!pr.S). 
i'Iae a..rt ,. alilaei to''t.Il. eortb. lear' ,-~. ra41a.-of -'_. wi...... . .. 
fl_Uea _1 ... t .. war ........ 'b ... "i. of • U.1.tHllu.b.r of reporta • 
....... ..a.tioe ...... abart i. DOt ."lic.bl. i. the _I'tban portiou of 
tIM "rric ........ of 2'-30-. 1.UtucIa ja.t .ff cla. 1U •• i.ai"i. Ala-
...... IIOrt ..... mflol'1. .. eo .. t. DaflectlO1l as1.. in th.t porti_ of 
the .to_ war. ~ 90 ... 1' .... 

I~l charta at 3-tao.rly iDcarval. vere con.tructad for tbe p.~i04 
fro. 1830 CIT ..,t ... r 23 to 1230 CST lapt .. er 24 (£1&111'" 6 .. 12). Wbere 
ob •• natfADa .. eava1141bl •• , ... 1 ........... to tb. oa. .... _ ....... 
'flli. a.al1." va tII_ cOIIIIPU" to tbe ...... tt •• tncl .p ..... ctem(fia .. 
"1'. 3) for coutac .. , ... for •• i. __ tructi.., tIM , ... la ...... tltar. 
weI" ..... ",.teu. 'fIla.i.Dd. tpeed profU. co.pat." ina cII4t ....... 1'. 
profU •• t .1130 eft ..,t __ r 23 i. tb. fon.r. Hetor .f' tlaa .to~ (ff.l­
iar. 4) ........ to coutnct ~ ... i_ ... 1. near tJut r.cU. •• of .-:I •• wi •• 
• t that tt... n.ilOftl p.ttan .t 2130 CST S .. , .... 23\:-- 11lterpolat .. 
•• t ... tile 1830 eft patt.m .. tIM 0030 CIT lapt'-'r 24 patw..,At 
'330 eft ... 0930 Cft , .. , II. M ""_ littl. or 110 .hlp ""ftaU .... " , 
....... 11altl •• tIM cI •• i •• wi ••• p ... cbart "Jut" fo't eoaftal'o'b-•• rv., ..... ami for "-IDUi", witla aclJacaac pat~.m •••• u." to .... tract 
ebe i ... a1 p.tt ... 0 ... 1' CM Gulf. 
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• outla of latitu" 29-30' ar. determined frca the 
.fl<ecU ..... l.e .... rt(fi&~r. S). Wind direction. io tbe Gulf DOrtb of ' 
latitude 29-30' were cieterainecl ~1 .treaaline ~alY'i. of ob.en" vinci 
clirection.. n ••• clerived v1ud direetion' are in4.icatecl by It • .". arrOw. 
on tbe l.ov.l chart.. ' 

Ob •• noatioGa at coa.tal .utton ••• 1'. taken on tba half hour .d 
aip ob.enatloll' ........ on tha bour. tha pod Cion of tba unt.c ... 
Qentar i. inclleat.ciat the half hour on tha l~val cbirta. fl&ul'~6-12. 
!bt. dlffereac. in the tt.e of the .hip ob.arvatioD ancl the cbart tt.e 
cau." the .ld.p ob •• rvat1.On. plottd on th. iloval chart to b. clt.placed 
Iibout- fiv •• U •• (the ... r .. a forward .pe.d of tha .tona va. 10 botl} 
fro. tba c_tar. lee .... e of the fa ob.enation. neal' tha cant.r thi. 
4I1.pbc __ t t.not conll_r.d dlnifioaat. All ata .howa in the coa­
po.ita chart an. the pre •• ur. profll.8 were p1ottdra1ative to the cIf..­
tance of the ob.anation potnt frca the center at the tt.e of ob.enation • 
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CHIEF, U. S. WEATHER BUREAU 
WASHINGTON 215. D. C, 

AND .... ".,. TO 

0-6.12 

MEMORANDUM TO THE CORPS OF ENGINEERS 

HUR 7-51 

FR.OM 

SUBJECT 

Introduction 

Hydrometeorological Section 

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

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 arid 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 report~d,as a tropical depreSsion in the 
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 
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was contained within the radar eye. Reports of minimum pressures and wind 
shifts were also used in positioning the track by applying methods described 
in Hydrometeorological Report No. 32, "Characteristics of United States Hur­
ricanes Pertinent to Levee Design for Lake Okeechobee, Florida." 

Pressure 

There was no observation of the minimum pressure in the 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 Hyd~ometeorological 
Report No. 32, using the equation 

-! P - P r __ -,"-0 ... e 
P - P n 0 

where P = central pressure, P = asymptotic pressure, R = radius to area of o n maximum winds, and P = pressure at distance r. 

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

l 0 

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

A 70-percent confidence interval about the central pressure as extrap­
olated from the pressure observation nearest the pressure center can be read 
from figure 18, Hydrometeorological Report No. 32. This chart indicates that. 
assuming the observed pressure observations are placed the correct distance 
from the storm center, there is a 70-percent probability that the true cen­
tral pressure in Hurricane Audrey lies between 27.15 in. and 28.35 in. This 
range is shown by the dashed lines in figure 2. 

Composite wind pattern 

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



pattern was developed from ship reports, coastal observations and aircraft 
reconnaissance reports. 
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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 Oil Co. oil barge tenders adrift off the coast southeast of Cam­
eronwere not plotted on the composite observation chart •. 

Adjustments for intensity changes off the coast--ln 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 l1m­
ited to indicate the details of any changes in the central pressure. Nor 
were there marked changes over the outer portion·of the storm where data were 
available to serve as a guide to the time or amount of change of intenSity 
of the storm. 

Adjustments for filling after landfall of center--The wind speeds ob­
...... dat the coastal stations after the storm. center had been over land and 
'flll~ng had occurred were adjusted upward to assumed corresponding values 
b~re landfall. The adjustments were by the factors in the following table 
a4apted from a study of average filling rates for 11 hurricanes. ;, 
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Table 1 

FACTORS FOR INCREASING HURllICANE WINDS OBSERVED AFTER LANDFALL 

TO COMPENSATE FOR FILLING OVER LAND 

Time (hours) 

T (at coast) 
T + 1 
T + 2 
T+3 
T + 4 
T + 5 
T+6 
T + 7 
T + .8 

Adjustment Ratio for Wind Speed 

1.00 
1.08 
1.14 
1.18 
1.2-2 
1.25 
1.28 
1.32 
1.35 

The time selected for T (landfall of center) was 0900 CST June 27. 

, 
" 

Analysis of observations--Independentanalyses were made from the ship 
reports and from the adjusted land station reports. The two analyses asreed 
very well in most areas. The final analysis (figure 4) was made by c~inina 
the first two analyses and comparing the resulting isovelpattern with ~he 
distribution of wind speeds in the hurricane as reported by aircraft z:econ­
DaissaDce. The final composite pattern shows a wind-speed maximum of over 
100 mph iD the right sector. 

Radius of maximum winds 

A radius of max1mum winds of nineteen nautical miles was COlllP\ll1:ei.:lllaJ~ 
the expOnential formula from the preceding section. This value ta M."ft.4I4'.~£~ 
by obserV.ed. data. Neither Lake Charles, La. nor Port Arthur, Tex •• ·".,.NiIl.··. 
approx~~ely 19 nautical miles to the right and left. of the track 
storm cent'er, respectively, 1:eporte# a lull in the wi"Dd as' "t;Ji. " \...J 
cloaest to tbIJ station. TheirpeakW1nds occurred aboutcthe ·tflJ· ... ·'?121 , 

passed cloaeettt) the 8tat:i.tJit (figure 3) '. This would ,iDCltcace 
at or outside the. radius of'iDaxiDltara.,winaa. The wind.,.. ·at .......... -
ported to beleaa thaa,15tdIee ,'1il' 'd1ametet.* TheU~ s. 
Sabkie, Tex., 1$ nAUtical atle. "ast of thetrack,reported·"Gttclrea. 
win41" .. tha,~e1tter paased. by, and at Cam.roD~ about, 2Onau"cal _i .. £~ 
e.bt oftha . track, the ,Coaat Guard reported that there wal no .ru .. :ta,.i ~ c. fII 

apeed. 'Therefore It is reasonable to assume that the averaaff)--'ua ·of .. t.! 
~mum ,winds ... within the area defined by them1nimum ,distance of L~"'1:. 

* Report to Chief of Weather Bureau from Director, National Hurricane Re­
search Project, July 6, 1957. 
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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 occurred 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 hovels 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 
pll'essure values. The majority of the ship reports showed good'agreement with 
directional arrows drawn at 25 0 to the tangent to thetisobars, so this de­
flection angle was used over the whole storm. By 1500 CST June 27, after the 
sGorm 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 CS~ I 

J.e 27. However, ship observations of wind directions made at 1200 CST. and 
l~ter that were compared to pressure analyses of the storm made at these 
t~s 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 0

• 

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. Fou~ oil barge tenders adrift southeast of Cameron 
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during hurricane Audrey logged wind speeds up to 150 mph which were reported 
to be peak gusts. A comparison of these reports was mad~ with the average 
wind speed and peak gusts recorded in the SaBe 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 
-.:;ight forward sector of the storm was selected for comparison because the 
Vinegaroon record an4 the majority of the gusts reported by the tenders oc~ 
cur red while the vessels were in that sector. 

. 
• 

Observations--A chart showing the estimated courses and hourly posi­
tions of four Continental Oil Co. tenders, the Sharpe, Bates, Reading, and 
Craig, and extracts from the logs of the vessels was prepared by the Conti­
nental Oil Co. The extrac~s from the logs covered a period of time from 
0230 CST to 1830 CST June 27~ It was reported that the wind speeds logged 
by the tenders were peak gusts read from anemometer dial indicators. The 
tenders were equipped with Bendix-Friez selsy» type anemometers located 6S 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 
of the Vinagaroon 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 
bargewas 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 ~n the course of 
this study from 2300 CST June 26 until the record ended at 0600 CST June 27. 

Comparison of the data--The comparison of the over-water peak gusts 
with 15-minute average over-water wind speeds recorded in the right sector 
of the hu~r~cane by the barge Vinegaroon and with the wind-speed proUls from 
the right forwardsectlon of the composite over-water wind speed pattern, 
(figure 4) is shown in figure 9. The wind speeds were plotted at the cit.:. 
tance of the observation from the hurricane center. At the same QJ.!',~~1t 
from the storm center, the speeds reported by the tenders are' c' OIIlJl*1!~e 
the peak. gust speeds recorded by the Vinegaroon. 'For sustained _JL1 .. _ 

SO mph or hlgher,the peak.auscsnear the center olthe.torm aYl.IZ'S&. 
SO percentllOre than the sUetalned Winds. Speecls reportecl frOil tile 
ttjilcier ara ~u_la to reporte4peak .gusts . on the Vtnegarooa.,l.~" 
fit'11ie4 ·:.ciaaJ!Cb.ecea4ar l s winel spe.cla were peak 'gust sp_eu. ' 

. . I 
" 

Bstr:fS;!Qt;".'ters 
:',':_~ .• ,.~ ,,": - ,F. _ .;:, 11~-_.: .", _. . , 

',,' llurritriane parameters observeel ot computeelfor hurricane Audrey the 
methoels clescribec1in Byc1rometeoJ:'ological Report No •. 32/ue list_ bel,ow. 

\., 



Hurricane Parameters 

C«ntral Pressure, P 
o 

(inches) 

27.95* 

Radius of Maximum Wind. R. 
(nau. miles) 

Computed Observed 
19* 16-19# 

Asymptotic Pressure, P 
n 

(inches) 
Computed Observed 

29.70* 29.75** 

Average Maximum Gradient Wind, vgx## 
(mph) 

95 

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

14 
Lowest Observed Pressure on Land, Pa 

Station Minimum Distance from Station 
Storm Track, 1'a 

{nau. mUes) 
28.30 U. S. Wildlife 12 

Service, 
Hackberry, La. 

* Computed with the exponential formula . 
** Observed on weather charts 
I Estimated from miscellaneous wind observations 

7 

1# The computed maximum gradient wind represents an average speed at the 
.radius of maximum wind. Because of the asymmetry of the pressure field ci 
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 eignt points around the center at the radius of 
maximum winds (figure 2) is 82 mph. This value is equivalent to the 
av~rage maximum gradient wi.nd 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. 

Copies: 
10 to OCE 

1 to BEB 

~~ef/~ 
Charles S. Gilman, Chief 
Hydrometeorological Section 
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UNITED STATES DEPARTMENT OF COMMERCE 
WEATHER BUREAU 

WASHINGTON 

iN ~[F'LV FlEI.SE ""OR!.S" Dec_ber 6 t 1957 
CHIEF. U 5 WEATHER BUREAU 

WASHIN-:;TON 25,0 C 

AND PEF'lA to 

0-6.12 

FroM lIydrOllleteorological Section 

SUBJ'EOl': Standard Project Hurricane ISOTelef'or a High Speed of Trans­
lation or the Hurricane Center, Gulf of Mexico Area, Zone C 
(~exa8 Coast) . 

Ref'erencee: (1) 

(2) 

~elephone conversation, Messn. M;yere and Dunn, Nov. 1, 
1957, resardinB standard Project Hurricane 'sovel patterns 
for a high rate of tre:nelation for Zonee B and C (U.s. 
Gull Coast) 
HUR 7 -45, standard Project Hurricane Para.DlBtere and Iso­
vele, Gulf of Mexico Area, Zone C (Texas Coast) 

This JDeJOOrandwa contains an ieovel pattern for a Standard Project 
Hurricane in Zone C with a high speed of translat10n as requested in ref­
erence (1) 0 

Ieovel cbart 

A synthetically dari ved ieovel chart for a Standard. Project Hurri­
cane with a central preesure of 27.42 in. and a high speed or translation 
ha.s been developed for Zone C off the coast opposite Corpus Christi, ~ex. 
Thie vas done by imposing a degree or asymaetry to illlOtache of gradient 
w1nds computed :fr0Jll preeeure prof1le parameters and reduced. to ;O-:f't. winds 
by empirical factors. The aey:tDDl8try factor, added to speeds on the right 
and Bubtracted from speeds on the left was (O.'-1')cos a wbere T was the 
repreeentati ve high speed of translation of a Standard Project Hurricane 
1n Zone C, 28 mota as shown 1n Table 1 reference (2), and a the angle 
between the direction of forward motion and the w1nd direction. 

A pattern sbowing the etrangest v1nds 1n the right rear quadrant 
was selected as that llIIOst likely to occur by at least two authors.. Isaac 
Cline 1n hie book flTropical Cyclones" . states that "the w1nd velocities 
are nueh greater in the right half" than in the left ball of the cyclone 
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81"8&, ud.. the ar-tfataUllta1D.ed,1find velocltles ~car aa·8 rule in the 
right rear quadrant." L. A. lIa8b- haa a~1;z.d a large DDliber at 
recOl'.lJMlSa .. ce tl1slrta ("011 ~e Low -Level Stru.ctare at Ifroplcal stozw, It 
Joa.:mal at Jl8'teorolosY, Dec~ 19!52) prodllc1J:l6 the 'bea't &lid J&)Bt def1n1tlTe 
~lte lov-lAn'el w1Jld .peed :pattern yet a'9allable. !'.be II'troD8eat w1adB 
are 1D the right rear qu.a.drant 1D that pa't'tern.. III!LDT '9aI'1.atiaoa ~ occar 

" 1n the standard 180vel pattern. ~o represat the ~ pattems ~ It 
vould be reasClllable to expect in Zone C, the leOTel.e in the attached f1gure 
.,. be rotated with u.t.ta of 100· COWltercloca1ee and 50· In a clocb1ee 
d1rectlon. !he l1mts at rotatlcm are 1nd.1oat.d on the tlsure by _had 
a.r:t"ovs u:tcd1D8 outward :troa the viDd center. 

Varlatlan of forward apeed 

De fonrard speed for" a stanaard Project Hurrlca:ne le ch08_ within 
or near tae ranse of forward epeeas shom 1n lfable 1, retertlDce (2). '1ar­
ward epeeaa vlthin thea. epa;Q8 can be aseOlled to be independent of CPt 
and B. fte attached 18avel pattern oOllput.d tor a t<ll"Va:r'd .peed of 28 
lmots 18 appl1cable far 20 knots to laO knota althOUBh 28 lmot.a 1e the 
futest obaerTed 4-hour aTerase speed 1n the Gulf'. 

other factors 

C~e OIl '98rlat10J,l iD the ra41118 of _n .. viDd, appl1cat1on to 
other Z'-8 B looatlC818, wlDd directlon, the cr1tlcal path, and adJuetBmt 
fGf' fll.l1ns CTer land .,. be found in reference (2) to whlch th1a .,.-,ran­
dUll 18 8uppleafJll'tery. 

Char~ s. Gl~, Chlef 
B'7~los1oai Sectlon 

Attac"-te : 

12 0o,1es to OOS with atta~B 
1 to BIB w1th attachMr:rtIJ 

," 
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UNITED STATES DEPARTMENT OF COMMERCE 
WEATHER BUREAU 

WASHINGTON 

IN I'EPLY, PL.EASE AOOFlE.55 October 16, 1957 
CHIEF. U. S. WEATHER BUREAU 

WASHINGTON 2~. 0, C, 

~ to OOBPB (J8 BlIlllUlli6 

HUB 7-44 

References I (1) 

(2) 

c:~) 

(4) 

Botea on OODference an Harr1.oane In.TeStl~t1an Under 
P.L. 71, Do1mto1ll1 Hortolk area .. Sept. 10 and III 1957 
lltJR 2-1, J'requaacy o£ C8Iltra.l Pressure Indices alcmg 
Atlalrtlc Coast, June 18, 1957 
HUB 2-;, Hurricane Characterist1os, Atlazrt10 Coastal 
area, Jme 18, 1957 
ln1R 7-43, 8ta.uaerd Project lIurr10ane Criteria and 180vel 
Patterns, lCaat Coast U.s. Zone 3, in prepa.ratlan 

This lIfJIK)ra.lldwrJ. shows 1sovel pa:tteras tor a Sta.ndard Project Hurri­
cane (Sl'H) along a track cr1Uoal for the :lortolk area. 

Track 

~e track, Whlch is Ihovn 1.11. figure 1 ...... proposed 1D oonterenoe 
(refereillce 1) a.DIl is critical for the Nortolk area. In all observed cases 
of wind.-oatUIed. h1gh vater near Bor:f'olk, the w:1nd directlon. 1"8l'3ged. 8f!Illere.ll.;r 
t:roa the J.'aOrtbeut q'tal.'ter. J'or an muauaI.:q high fJlJrse at Nortolk, the 
Hydroarteorolos1cal Section has been advised that strong vinds JIIlSt have 
a OQIIII}Kmcrt 4oWD. the Cbeeapea.ke B81' as well as into the DDUth of the Bay from 
th.Ooee.n. Mo"t'1.ne the storm alDl)8 the track shown :in flgure 1 meets theae 
reqtt1r8lll8llta • 

VJ.pd Speed 

PEl vatlon of lsoYe1 ettem 

ft. bas1c 81llthet1oaJ.:q dsr1ved !savel patt$\"'lil for zo.ne , Is described 
in referenoe lJ. In order to show the strongest 1f1nU 1:'roDl the critIcal 
d1reot1on, th18 basic 1sovel. pattern (f'lggre" of B1lI 7-4')11&8 turned 90- . 
counterolockwise. 

! 

) 
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An isovol pattern ehow1n8 1;I>e at1'<xlgellt ~ ill 1;1>. r1Wrt roer 
quadrant, 88 1.Jl retermoe 4, 1e bel1.eve4 to be tbe OCIldit1cm tbat zmIIt 
f'l"equeatl.7 occurs. 'fbat patttlr'n 1e e.l8o an approximate 1MIIlIID or mzQ' 
poe.1bl.e var1at1cms. F1gures 2 th:roue;h 9 of this M*J1"'8hdllID ebow one 
ot 1;1>. pooB1ble ftr1&t1ans ill ill<llndDal trop1cal *- tIlot 1 • .,.t 
orlt1cal tor lIorton:. 7urthor JUllt1t1cat1eo tor ploc1n8 the ~t 
v111<1a to the nortlleae;t in tlle lforf'olk SP.B. 1s that the ",71.. ext.Jt 
ot ..a-s w1DdB 18 uual..l¥ ill 1;1>. <llroct1cm ot 1;I>e _Jor ozrt1cycla>e 
ill 1;1>. area. Such a tracll: as __ ill t1811"" 1 would lllI:ol,r be aa­
aoo:1A'\ed w1th an ADt1c.;rolDne ct""'-g uorth-..t ot Bortoli, Va. 

The 1eovel cbarta were d.eTeloped with the tol.1.ow1ng cbaraater18t1C18. 

i'able 1 

P1gur. 110. Po Radius to Reglon Ponoard Speed 
cf 1IBx. V1ndo 

(II"". 111.) 

2 27·55 ~4 
} 27.55 34 
4 27 .55 ~ 5 27·55 
6 27 .5' 34 
7 28.07 34 
8 28.27 }I< 
9, 28. 41< }4 

-_ on t~, l!IIax • 0.865 Vgz: + T/2 
where VgE _ Mx1 .. grad1ct ,,1n4 
opoed ad or • torllVd speed at oto .. 

0<Iltc' ill """ 

Var1at1.an ot torward !Peed 

(1Iph) 

2} 
23 
23 
23 
2} 
23 
2} 
2} 

~O-fi. o ..... _ter 
II!t.:J: • V1nd 

(1IIph) -
101> 
104 
l.oJI. 
101> 
104 
97 
92 
88 

'!be wind epeed patterns of fisuree 2-9 are &llW1r1oal. IIlpprox1mat10D8 
ond a h18h degree at renD It tor torllVd Bpeed is DOt 1II!Irl'8ZIted.. Tb. 
Y1Dd pattam """ oc.p.tAd f<11' a tw wad opoed ot 2~ IIIpb ond con be ueed 
for torllVd .peeds raD!!ID8 troa 12 to 50 "I'h. 
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1llj!d D1recUan 

Wind d.1rect1c:me at 30 I are ahown OIl the ieO"ftlll oharta lo' a.rl'OWS .. 

lleoo.uso of tho ourS'1xIg field, the dUecticm 10 corl"Oat onl,y at tho arrow 
point. Wind d1r9ct.1C1118 J/I1J::f alao be approx1mted rroa table 2. 

Ra41us 
R to cmter 
R to 1.2 R 
1.2 R aD4 be:r0a4 

'rable 2 

V1nd Direction 

Defleation aasle" 
20· 

_i1;1ml 20· to 25" 2,· 
-.Angle betSSID true v1Dd d1rect1C1l and a tanswrt to a o1rel.e w1th ceutsr at 
the Y1Dd oeter. 

)/~ t( )~~. 
i,..,m-lea B. Glllmn, C 

/ ~~eorologl.ea1 Bo an 
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UNITED STATES DEPARTMENT OF COMMERCE 

" WEATHER BUREAU 

WASHINGTON 

IN PEPL'r PLEASE AODRE5S 

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

WASHINGTON 25, 0 C. 

AND RE~EA TO 

0-6.12 

MEMORANDUM TO THE CORPS OF ENGINEERS 
BUR. 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 Characteristic. for the Gulf of Mexico Area 
P.L. 71, August 30, 1957 

This memorandum lists par .. eter. and contains a 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 aemo­
randum is analogous to MEMORANDUM BUR 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 pres.ure 
index (CPI) 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 CPI 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). 

Isovel 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 coaputing gradient winds from the 
pressure pareaeters, reducing th .. to 3D-foot winds by empirical factors, 
and tben taposing a s .. ll degree of as,..etry on the isovels. The asymmetry 
factor, added to speeds on the right and subtracted from speeds on the left, 
was (0.5T) COB a, where T was the forward aotion of the .tora in mph, and 
a the angle between direction of forward motion and wind direction. The 
curves of the hiBhest 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 

- , 
- . .,' 
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Table 1 

PAlWI!TERS OF snmmnc H1JRJllCAllES IN ZONE C 

LocaUon 
Zone HUe Lat. at Near City or cn IUdiu. of Forward Speed Ilepresentative* 

(From fig. 5 Coa.t otber landmarlr. (inche.) Max. Wind. (&:not.) Kax .~ind Speed 
BUJ. 2-4) (Deg.N) (Nau.IIIUes) .pb) -IlS IlK IlL IT Kr BT Vgx Yx 

C 420 ) 0 Port Artbur, Tex. 27.54 7 14 27 4 11 28 109 100 

360 29 Galv.non, Tez . 27.52 7 14 26 4 11 28 109 101 

300 29 Bay City, Tez. 27.49 6 13 25 4 11 28 110 101 

240 28 San Antonio Bay, Tex. 27.45 6 13 24 4 11 28 111 102 

180 27 Sarita, Tex. 27 . 38 6 12 23 4 11 28 112 103 

120 26 Brown."Ule, Tex. 27.28 6 11 20 4 11 28 115 105 

* For Il = 24 nau . • il •• and forward speed of 10 Ir.nots (12 -rh). Varies .!ight1y with ~hange. in these 
parameter. 

CPI Cantrel pre •• ure index 
IlS Repre.antative small radiu. to region of m&X~ winde 
IlK \lepr. ,entative aean radius to region of maximua wind. 
IlL Repre.entative large radius to region of aaxiaua wind. 
ST Rapresentative slow apeed of tranalation b6 hurricane center 
Kr Ilepresentativ. moderate speed of tran.lation ab hurricane cant er 
HI Repre.entative high speed of translation ~f hurricane center 
**Vgx Kaximua theoretical gradient wind computed for each CPI by u •• of fig . 13, HUR 2-4, with Pn = 29.92 in. 
Vx gatiaated 30 ft apeed in ragion of bigheat ap.eda, coaputed from Yx z 0.865 Vgx + 0.5T where T ia 

forward apeed in .ph (T = 12 aph) 

• 

1 
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forward speed of 10 knots ia shown in figure 3 . 

Variation of R 

The dtatanee .cale in figure 3 t, in tar.. of radius of .aximum wind. (R) . 
Any R Itsted in table 1 may b. substituted a. tbe distance acale . 

Variation of CPI 

Th. tloyel pattern, figure 3. val con'tructed for I CPl •• lue 10 
the middle of Zone C. tbere 1. an iotr.zonal yeri_tion in wind .peed in 
Zone C becauae of the variation of CPl . The tloVel, In figure J can be 
adjusted to other CPI', by multiplying them by the factora lilted 1n table 2 . 

Table 2 

RATIOS ro. ADJUSTMENT or lSOVILS TO VARIOUS CPI'S 

CPt (incbee) 

27.55 
27.50 
27.45 
27.40 
27.35 
27.30 

... I 27.25 

0.97 
0.98 
0.99 
1.00 
1.01 
1.02 
1.03 

K 4.flDJ fo, ( 7) F .. r...,.~J ~~"'.{ 
Variation of forward speed 

.f r 0 /<n .f •. Fi./- 1. 

The forward .peed for a project hurricane 1. chol.n vithio or near 
the range of forward .peed, ,bovn in table 1. Forward speeds within this 
span can be .ssuaed to be independent of CPI and R. rast-.aving hurri­
canes .re believed to have. greater asymmetry of thair wind-speed field. 
than .lov-.oving stora.. Tbe highest .peeds are .ast generally found 
.amevbere in the right balf of tbe star. . These two conditions have baen 
conforaed to in developina tbe pattern of figure 3 by adding the forward 
apeed factor ducribecl undar "iao.,el chart." Thh 11 ao -.pirical ap­
proxi .. tion and a high degree of refioeaent of adjusting wind pattern. 
to forward speed is not required; figure 3 computed for a forward speed 
of 10 knot. or approxt.ately the average forward speed of Zone C can be 
applied to star.. with 1/2 to tviee tbia forward speed. 

An inve8tigation of forward spead in relation to latitude in the 
Gulf Coa.t area ,bowed no .ignlficant relationship in' contr~lt to tbe 
latitudinal variation found along the Atlantic Coa.t. 

Wind direction 

of 
~7 

The wind direction for u.e 
fiaure 3 .. y be approxi .. ted 
arrow. on tbe chart. 

in conjunction 
from table J. 

with tbe wind Ipeed pattern 
The.e directions are .hown 

• 
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Table 3 

WIND DIRECTION 

hdlua 

a.dius • to center 
R to 1.28, 
l.2R and beyond 

*Deflection Angle 

20' 
Tranait10n 

2S' 

*Angle between true wind direction and a tangent to • circle with center 
at tbe stor. center . 

Critical pIth 

The patb for a project hurricane 1_ aelected on the b •• i. of the 
configuration of the co.at or inlat concerned within the .pan of directions 
tbat are _hown to be ca..on on the aat.uth chart of palt hurricane path. 
in the Eone, figura 4 (fra. HUi 2-4). Most hurricanes p ••• through Zona C 
from the e.at and soutbe.at and a ..aller nu.ber from tbe south. Hurri­
cane. have moved throuah tb. zone fra. b •• ringe of 30· to 210·, There 1. 
no evidence of • torr.lation between hurricane inten.ity and patb. 

Comparison of synth,tic iaovel. with palt storm. 

Pour of the .oat •• yere .tor.. of record to pa •• through Zone C 
were the burricaue. of Septe.ber 8, 1900, AU8u.t 13. 1932. Auau.t 18. 
1916 and Sept..b.r 5, 1933. Th. hurricane par ... tera of tb •• e .torm. are 
li.ted in table 4 an4 aay b. compared with the par ... tar. of .yntbetic 
Qurrican •• in table 1. 

Table 4 

PA1WIETBItS OF SEYED IIIlRIIICAlIES PASSlIIG TlWlUGH ZOB C 

Date en R Forward Sp •• d ...... 3O-ft Wind 
(incbes) (nau.ai.) (lrnota) (.pb) 

Sept. -8, 1900 27.64 14 10 88 (esti.ut. 
Aug. 13, 1932 27.83 12 IS 93* 
Aua. 18, 1916 28.00 3S II 100* 
Sept. S, 1933 28 . 02 20 8 91* 

*X.tt.&t.d fro. ca.puted .radiant wind. li.t.d in table 3-1, National 
Burrican. a .... rch Project aeport Mo . 5 M&x~ 3O-ft vin. - 0.865 Vgx 
where Vax i. the sax1.ua gradiant vin •. 

Adlu.taent for fl11io& overland 

OUR 7-36) 

The critical path .. y pa •• partly overland. Tbe DOrmAl weakening of 
a hurricane ov.r land can be approx~ted by reducing tbe open ... wind 
.paed .alue. by tbe followiDI factor., taken fro. Table 4, BUR 1-43. which 
are ba •• d on tbe tt.e elap.ed .inc. the .to~ center ero •• ed the eo •• t. 



Table 5 

r.ACTORS lOa RBDUCDG IlQU.IC.AJfBS 101. fILLDC ORIt LA1m 

f.... (hour.) 

f (at coa.t) 
f + 1. 
T + 2 
T+l 
T+4 
T + 5 
f + 6 
T + 7 
T+8 

Adhl.tM!lt ra,,, for wind .pe" 
1.00 
0.93 
0.88 
0.85 
0.82 
0.80 
0.78 
0.76 
0.74 

!be factor. in Tabl. 5 vill yi.ld .p .... for portion. of tae 
.tona daat ar •• tUl oYer wat.r. f.rtber rlMluction. would b. requir" 
to _tua tu ap .... oYer 1... . 

,y~~Q.~~ 
~ Curl •• S. GUIlD. ru.; (1' &1' , Hy.ro.et .. rololical Section ' 

8 cop i.. to OCI 
1 CO" to BIB 

• 
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Oirection al 
Far""rd Motion -----------------

FIGURE ?, 

STANDARD PROJECT HURRICANE 

30-fT. OVER-WATER WIND SPEED FOR 

LARGE RADIUS IRLl AND MEDIUM RADIUS IRM) 

HURRICANES. lONE C Off CORPUS CHRISTI, TEX. 

fOWARD SPEED 10 KNOTS 

(HUR. 7-4~1 

Dis/once Scale is in Terms of 
Rodius fa Region of Moximum Winds (RI 

(See rex" 
11 Wind een"r 
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.lONE C 

FI'_ ..... AZIMUTH DISTRIBUTION OF HURRICANE PATHS IN ZONE 
1900-19156 
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UNITED STATES DEPARTMENT OF COMMERCE 
WE"ATHER BUREA U 

~ . , .. I .... ~., ... ~ October 21, 1951 
C H l ltr u "" w r ... T H (. _ 8UFl€",U 

1CIMJRAlID1IN TO CORPS OF lINGlIIU18 
lillR 7-4~ 
FROM Hydraneteorological Section 

"' U ' 

0-6.12 

8tlBJEC'l': Standard ProJoct Hurricane Criteria and !Bovel Patterns, :East 
Coast U. S 01 Zone ., 

References : 1. OCE letter of June 6, 1951, "Standard Project Hurricane 
Iao'Vels for ZOne .3 Atlantic Coaet· and telepbone com­
munications 

2 . XUR 2 .. 1, l'requency of Central Preeeure Indices Along 
Atlantic Coast, June 1.8, 1957 

.,. BUR 2 -3, Hurricane Charactertetlc8 , Atlantic Coastal 
Ares, June 1.8, 1957 

4. HUR 7-33, Hurricane Criteria for East Coast of' Un1ted. 
States Comparab1e to .La.ke Okeecbobee Standard Project 
Rurricane and Isove1 Patterns, June 20, 1957 

5. Part1al Def1n1t. Project Repert, Central and. Southern 
Florida ProJect, Part 'If, Supp1emant 2, Section 2, 
Design Meoorand.um, Ru.rrJ.cane Winds Over lake Okeechobee, 
Jacmonrt11e District Englneer, Dec. 31, 1953 

This meDl)rancium lists parameters of a severe hurricane for wne .3 
(figure 1), and contains wind speed patterns tor moderate and hish speed 
rate of translation. 

Hurricane pa..ramstere 

Characteristics ot extreme hurricanes consistent on meteorolog1ce.1 
grounds t'rom po1nt to point along the At.l..aJJ.tic Coast 'Vere expla1ned and 
speoified 1n reference 4. TheBe cbaracter1st1c8 pert1nent to zone 3 are 
Ueted. 1n table 1. 
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Table 1 

STANDAND PIlO.mJ'r HURRICAmi C!1ARAC'l'ER1B'rrm, ZOIilI 3, EAST COAST U. S. 

Rad.!.us Bepres8lltat1ve Jllro 
location Latitude en of 1Iox. Winda Forward Speed Wind S~eed 

(Zone) (dog. N.) (Inches) (DIlUt .lII1l.es) (kts) (mph 
113 RII RL ST • RT Vgr; Vx 

T0017kt. T-35kts 

3 33 '27.65 7 18 40 4 13 30 
31> '27.60 7 17 37 5 15 31> 
35 '27.56 7 17 35 5 17 38 
35.5 '27 .55 7 17 34 5 18 40 
36 '27 • 55 7 17 34 6 20 42 
37 27.57 7 17 35 7 22 45 

cpr CCllll'tral preeBare 1nda:x , eet1llated m1n1pgna pressure 
18 Representat1ve aJMJ.l radius to reg1ac. of w,x1 wun winds 
RM RepreeentatlTo mean re.d1us to region ~ mujmmn winds 
RL Repreeentative large radius to reg100 of .nj_n. wfnds 

104 
105 
107 
107 
107 
106 

~ Representatl Te .lDv speed. of tranalatlon ot hurricane center 

100 
101 
103 
103 
103 
102 

• Repreaent.atlT8 -=>dera:te speed or tnmelat10n of hurrtCBlle canter 

no 
III 
112 
112 
112 
112 

ll'l Rep:nMIentatlve high epeed of t.re.n8le.t1on of hurricane center "-
If Speed of translat10n ol" hurr1oe.ne center 

V gc. ax,l1IIJZ!I theo:retloa1 gradient wind oomputed for each cpr by use or 
figUre 7, HUR 2-3, with Pn • 29.92 inch .. 

Vx list_ted moxlJmlm 30 ft wind speed. Computed from Vx • 0.865 Vgr; + 0."., 
(T 1n lIq>h) 

1."",1 charta 

S7Jrl;h,et1cally d.er1 ved 1e0"l"81 cherts have been developed for the m1ddl.e 
of rone 3 at 35. ,'1. ~1O "". accompl1Ohed by computing grad10ut nnda 
f'raIIl the pressure :pal'fUM'ten .. rechlc1De to 30 fi o ~ by em:rp1rlce.l. factors, 
and tlIlally iJapoeing a mod.I!rIrte d.egroe ot as~ on the leovel.e 0 The 
8.8J'Dliititr;y f'actor, a.dded. to spee4e 0Zl the r1gbt and subtracted on the left, 
vae (O o~) cae 8.." where a vas the angle betweKm di.rect1cm o:f forward 1IQt1on 
and 'Wind d.1.rect10D, and 'l the to:rva.rd. .peed in mph. '!he curveB of hl8hest 
1'8lDe of the wind speed tram. theo "'f8.l"10\18 steps are ehovn in figtU"8 2. ft. 
reeulting patterns for a CPI of: '27.55 inchee and forward speeds reepeot1vel,y 
of 17 mote (20 IIph) aDd 35 _ (40 "Ph) are .holm in n_ 3 and 1>. 



--

- } -
A pattern ebov1n8 the et.rongeet vind.e in the rlgbt rear quadrarrt was 

.elected a.e that IDBt Ukely to occur I according to at lee.8t two authon. 
Ieaac CUne in hla book "tropical Cyclones· statee that, -tho wtnd ve­
loc1 t1ee are DIlcb greater in the r1.ght half than in the left hal:r of the 
O'7OloDe area, and the greateet sustained wind velocltlee occur as a rule 
in the risht rear quadrant." L. A. Hughes bas e1mlar1zed a large ll1JlIIber 
of reconnaissance flisbts (~ the lDw-LeTel. Structure or 'rroploa.l StorDI," 
Journal. of IIotearology, DecOlllber 1952) prodllcin8 the best ."<1,"",,e defini­
tive composite lev-level. 1f1nd speed pattern Tet available . The strcmaeBt 
.. 1n4a are in the r1gbt rear quadrant 1D that pattern. ~ '1'ar1atlone 7II8J 
occur in the standard. lsovel pattern 01' figures 3 and 1&.. '!o represent the 
_ pettems that would be ro ... OIl4ble to _ect in 'ODe ~, figures ~ ",,<1 
4 .1 be rotated w1th l.1.m1te of 100· counterclockwise emd 50- in a clock­
v1.ae direction. 

Variation of :i 

Tbe dietance eca.lee 01' t18Ures 3 and 4 are in terme of rad1ue or ""D"'lJI 
v1ndB (R). JJq R U.tod in tho llII or RL columna of teble 1 ~ be 8ubetitutod 
as the distance seale. 

Variation of en 

The lsoTel patterns ot :t1garee 3 and 4 &re conetructed for a CPI or 
27.55 inches. !'IIOJ' can be adJuated to other CPI'. by IIl.l.tipl,yin8 all 
opoeda by factors in tebl. 2. 

1'able 2 

RA!rICB FOR ADJ1B'1'ICI'f (g monIS 1'0 VlRIOlB CPI'. 

CPlincb ... 

Variation ot fol"VeLl"d 8peed 

Ratio 

1.01 
1.00 
0.99 
0.98 

'lhe forward epeed tor' a proJect harr1,cane 1a cbo.em w1:th1n or near 
the rans. of fo.-rd opoeda ohom in teble 1. J'or.mrd opoed within the •• 
opens con be assumed to be indopendODt of CPI _ R. Fa.t_Vina hurri­
CCU!N5 are belleTC!td to haTe a gt"eet«r ~ at their ,,1nd1Jpeed fields 
than slow lK>1"'ine: etOl'WB . ne hiSbeat .peeds are II08t generally found 
eOlMWhere in the r1gbt h.al.f' of the .tara. fteeo two oond1t1tm11 haTe been 
confonoed to in denloping the petteme of figuros 3 and 4 b;r addin8 the 
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forward speed factor described above. This 1s an empirical app:roD.Dl!tlon 
and a hlgb degree of re:f1nemant of adjusting wind patterns to forward. 
speed 1., not required; figures :3 and 4 computed respect! vel,y tor forward 
speeds of ~7 knots (20 mph) and 35 lmota (40 mph) con b. applied d1reetl,y 
to all :forward speeds in their respect! Va Mr and R'l' columna of table 1. 

Wind direction 

The wind direction at 30' for use in conjunction with the speeds ot 
flguree .3 and 4 -my be approximated from table ,. These directions are 
shown by ~8 em the charts ~ 

Radius 

Radius R to center 
R to L2 R 
1.2 R and beyond 

Table) 

\lIND DIRl!C'rION 

Deflection ~ 

20· 
Transition 20· to 25· 

25· 

.Angle between true wind direction and a taDgea:lt to a circle with center 
at the storm center. . 

Critical. path 

The path :for a project burriC8lle 1s selected on the basis of the con ... 
figuration of the coast or 1nl.et ooncernsd l within the span of directions 
~t are shown to be comm::m on the az1muth chart of past burricane paths 
in the zone, figure 5 (reproduced t'rom. 1'lgare 10, lIUR 2-3). 

Severe hurr1canee have been observed to mVe f'rom bear1.ngB of 90· 
through 210· w1th1D the zone, Weaker trop1cal storms have traveled over 
a greater range of bearings. Any Mr or HT fo;nrard speed 10 table 1 may be 
combloed w1th any path bearing between 120· and 210·. Combinat1on of BT 
forward apeods with mrs ee.storlJ bea.r1nge :wou.l.d require further study. 

AdjuetmBot for fillLng over land 

'!'he critical path ~ pasa partlJ over land. This wou1d bold for 
Cheeapee..ke Be.:, and other places. Tbe norma.! 'Weakening of a hurr1cane 
over land may be approx1.l!Bted by reduc1ng the open-see. wind. speed values 
by the follov1ng factors; based on the time elapsed since the storm center 
crossed the coast: 



!l'a. (houra) 

!' ( .. t """" t) 
~ plns 1 
'I' pllle 2 
!' plns J 
~ plns 4 
'I' pllle 5 
'I' plns 6 
!' plas 1 
'I' pllul 8 
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~ .. bl.e I< 

AdJuato.ent ratio ~or v1nd 
ep0ed8 

1 . 00 
.93 
.88 
.85 
.82 
.80 
.18 
.16 
.11, 

no abo ... will ;yield ovlllr-..rter apeeds 1n portiQD8 of tho nona that ore 
sttll OTer water. J'Urther redu.ctlone would. be requ1red to obta1D the 
opeed.o over 1=4. 

A,dJtl8"tamrt of v1nd. speeds near shore 

If speeds anr the water near tho shore Uno are crit1cal, the re .. 
dilation of apeecla at tho ~-t't leTe1 by flo1 ati"" J1J8:¥ be approx1Jaated ... 
tol.lDwe: redDce cm1hore "i.r.de at the abore to 0.89 of the OTal"'"'W8.ter 
value; 8.cCOIIp.l1sh this reaxtct1.an O'YWr a trenBltlon r;aoe ot two or three 
m.1l.ee . For oft-eho.re w1.nds, at '\he sbore reduce to 0 .70 or the OTe:l"1'&ter 
1I8lne, with a ·speed-ap" to O?8r ..... t .. l'&.ble in about ten m1lee. 

'!he lID8t BaTar. atarm of record to pas. close to the ooe.et at CaRe 
Hatttrraa was the hurricane of Bept_ l~, 19". lIurricane H .... l of 1954 
waa the J:k)St eeTU'e hurricane to Rr1_ the Carol1na ooeat in the BOUth«rn 
part ot the ZQIlO. P&rela6ters far th_o t1K> are llBte4 in tablA 5 and ~ 
be 0 __ with the po.rsaetore of S1JrI;h.tic burrican .. 1n tabl.e 1. 

!I'be hurricane of Beptemller 19}8 ond _ of 1954 p .... ed .u1'ficiontl,y 
far off ohore at tho latitude of '""e 3 that paralII8ters .... nat well eetab-
Uahod. 'rho hurrican. of 19}8 1IAJ' have beeD of equal ..... r1t;y with the 
19" hurrican. end JIdDa """ al.eo .......... atarIl at that latitude. . 
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bbl. 5 

PAlWIceltlB aE srnm: I!URRICADS 1'_= 'l'lIROtJ:a ZOO 3 

Date 

Sept. 11>, 19" 
Oot. 15, 1954 

Latitudo CPr II Forward Speed 1tU. 30' V1lld 
(dos, N) (»lobes) ("""t,m,) (la!g\iIll (.) 

~ .88 
~.66 

23 
26 

*eet1.mated 1'roIl preeearee dietributlO1l. 

00 I 1, to cx:::z 
1 to llSIl 

/ 

'1 Charlo. B. Gu..m, ChioJ: 
lIl'~oorolos1cal Section 
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Oirtlcfion 01 
Forword Motion 

FIGURE :3 

STANDARD PROJECT HURRICANE 

30- FT. OVE-R-WATER WINO SPEED FOR 
LARGE RADIUS (RL.) AND MEDIUM RADIUS (RM.) 
HURRICANES. ZONE 3 AT 35:5· N. LAT. 
FORWARD SPEED 17 KTS. (20 MPH) 

(HUA. 7-43) 

Oisfonce Sco/tl in Terms of 
Rodius fo RelJion of MOlfimum 
Winds (R) (See TtllffJ 

If Wind Center 
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~ 

Direction of 
Forword Mofian 

Figure 4 

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

LARGE RADIUS (RL.) AND MEDIUM RADIUS (RM) 
HURRICAI'tES. ZONE 3 AT 35.5· N. LAT. 
FORWARD SPEED 35 KT. (40 MPH.) 

(HUR. 7-431 

Distance Scale in Terms of 
Rtldius to Region of 
Maximum Winds (R) (See Text) 
x Wind Center 
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SEVERE OCCURRENCES 
~ (central pressur.e index less than 29 inches) 
- ALL HURRICANES 

Fig. 5. AZIMUTH DISTRIBUTION OF PATHS FOLLOWED BY HURRICANE:S 

IN ZONE 3 (1887-1956') 
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WEATHER BUREAU 

'1'0 'llr. A. L. eo_, ChU lIorD 
Off1"" or ClLl.e1' ot Kngln"""" 
eorp.of~ 

J'l\OII 'lI7_teorologica1 Section 

SUB.lXCT, x.l1WlIlIJI JruR i../;2 

,~ ~~P~V, PLEA'~ Accun 
CHIEF, U , S, WEATHER aUREAU 

WA!lH)t'''}QN..~, D. c . 
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~ II1Ii 7..J,e, 'I3_·rd ProJect HlU"rtcan. Paramet ..... ."d 
laona, II1d-<:ult Ooeat u. s. Zone ll, ODd Stmwlard ProJect Hurr:1-
ClID8 lake 7oJJtchartl'8.1n, La.· is b....-tth tranma1tted. This 'V8fl 

aso1!P1Od in _ph llb( 4) o:nd lll>( 5) of noteo on conference 
held 1n New Orleane" la. , JUDs ~-u., 1957 J on burricane stultitJ('l 
(P.L. 71). 

It Will be noted in Table }, P.........terB at S .......... Stol'lllB _.1D£ 
tbroagb ZOne 11, tbat the TlI8TiJUw 30-t't. w1Dd apeed ~or the SepteE>ar 29, 
1915 blU"rtctm. 10 11.ted as 99 IIj)h .. bile the .,... .... valne developed 
tor th1B .to ... in __ I!tlR 7 -39 .... 1115 JIl)b. TIle lover ... :we uoed 
in Table :; we arr1ved at by us1DB: one-halt the spe$d ot tnmellltion 
in tho ""~tr.1 factor of" the stolt inateed of the total speed of 
tramlat10n tbat vas aBed 1n II1Ii 7 -39. 'I!h1. 1I1Dd _peed valne 1. "..­
parable with tile 30~. 1l1Dd speed "t8.l..u.es :In Table 1. whicb were e.rriVM.. 
at lQ" the i'8IM mthod bat lOald .m DO apt)Nc.1able d1i':fm'ence in the 
surges compu.ted i"or Ial::e Pontcbert%'8.1n. 

Attach-.nente 

Charles S, Gillian, Chief' 
lIJ'drometeorolog1cal SectioD 
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WEATHER BUREAU 

WASH'NGTON 
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IIIIIIlRANDUM mm 7..J,2 TO CORPS OJ!' JIICUNXI<R'I 

FROM HydrometeorologicaJ. Section 

SUBJECT: Standard Project Hurricane PareJlB'ters and Ieovele, M1d~lf 
Coost u. S., Zone B, and Standard Project Hurricane, lAke 
Pontcbart:rs1n 

References: (1) 

(2 ) 

(}) 

( 4) 

Notes an oonference held in New Orleans, IA., June 1,-14, 
1957, re hurricane otucllea (P. L. 71) paragraphs llb( 4) 
and llb(5). 
llaCJRANJ)tDl HUB 2-4, Hurricane Frequency and Correlation 
of Hurricane Characterietics tor the Gulf' of Mexico Area, 
P.L . 71. 
1IIIIIlRAND1II mm 7-40, LcuioiAna Hurricsns of Sept_er 29, 
1915, transposed to a Cr1t1cal Track. 
Not80 on conference between Repreeontatl vee of OCR and 
tBWB, January 4, 19~ re hurricane studios under P.L. 71. 

Tble l!I8JZI:)t'ftJldum l1eta parsmetere and contains a wind speed pattern 
for a BeTere hurricane in Zone B (figure 1) on the Cu.l.f Coe.et of the 
U. S. and a deecrlptl~ of the Standard Project Hurricane for I..ake Pont· 
chartrain as requested in reference (1). The purposes of this III8lIIOrandlla, 
prepared by tbe Rydrometeorolog1cal Secticm in close consultation with 
the OCX, are anal.osoue to Memorandum HUR 7 ... ~, for Zone 4 an the East 
C_t and mm 7 -4} for Zone }. 

STANDARD PROJl!:Clr HURRICAlIlI FOR WNX B 

Hurricane po:rametere 

Rl.UT1cane pa.ro.Jaetere and characteristics used in th1s melXlXr8lldum are 
explained in detail 1n BUR 2-4. Characteristica of an extra. hurricane 
11'1 V8l"iOU8 parte of Zone :a are listed in Table 1 Md are coneisteIIt on 
Mte.orolog1ce.l. grounds :trom point to point along the coe.st. The ce:c.tral 
pressure index (cpr) eelected as representative of a Standard ProJsct 
nurrlcane and perta1n1ng to 8a.ob locatictl alone; the cooet was taken from 
'figure 5 at roference 2 aIons the cpr curve indicat:1J:lg an avorage return 



, 
\. 

lao 

Table 1 

PAIW0:rKR3 OJ' s:&vBRX SlItJ:HJ:l'IC KllBRICADS m ZOlD B 

location 
Zane Ja.le Jeer City cPI Radius ot Forward Speed Repreeantative* 

(From~g.5 or other (incbee) Mex1mnm Winds (knots) Max . Wind Speed (lIIPb) 
HtIR 2-4) landark (nau .miles) 

I' ** 1B RK RL S'l' HI' :tr Vgr. Vx 

B 900 ApalAcb1cola, Fla. 21.55 7 14 21 4 11 28 108 102 
840 ~ :Beach,Fla. 21.58 7 14 28 4 11 28 108 101 
780 Peneaoola, Fla. 21.~ 7 14 29 4 11 28 108 101 
720 IfobUe, Ala. 21.60 7 14 30 4 11 28 1(1f 101 
660 New OrleBna. La . 21.60 7 14 ~ 4 11 28 1(1f 101 
600 Lake Barre. La. 21.59 7 14 29 4 IT 28 l.O8 101 
540 )tl.rcb Islmld, IA. 21.58 7 14 29 4 11 28 108 101 
480 Grand CbflD1er, La. 21.56 7 14 28 4 11 28 108 102 

*For R .30 DBU > l1li.. and forward speed of 10 knots (12 1IIpb). Varies slightly vith cban8J'" in these par8lII9ters 

Central pretlSIll'S index 
Bepres8Dtat1ve a:mU re.d1wI to reg10n ot erlWJJII Y1nds 
Repreeantat1ve lII8Sn radius to reg1C&1 of .x1DIIIII vinds 
BepletiCItative larse radius to reg1C&1 ot _71mlll \olinda 
Rsp.resctat1ve slav speed of trsnBlat10u at Jmrr1caue cecter 
lIepreeentat1n IIDdsrate apeed of tre:nslat1C&1 ot burr1ca:ne cSJter 
RepreeentatiT8 high speed at trtmalat1C&1 of hlll'r1ce.ne center 
"x1 ... theoret1cal. grad1eut wind ca.puted tor each cPI by \18e at tig. 13. lIUR 2-4, 
with I'n • 29.92 in. 
:I8t~ted 30-f't speed in reg1an of b1gbNt speeds . CoIIpated f'raIIl Vx • 0.885 Vgr. + .0.'jZ, 
where T 18 forward speed in lIIPh. 
J'or d1sC\18s1an ot the cp1r1cal red.QcUC&I factor at 0.885 see p . 3. HtIR 7-39. "Ran-ad 

wind fields Tic1n1t;r of' Iakle l'ontchartra1n, HurriOlllle ot September 29, 1915,· Aug. 16. 19'51. 
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period of ane hundred yeal'B. These are cane1ete:nt 'With the reprealll1taUTe 
sta .... rd ProJect Rurrtcanes far the Eaat eo...t ...... lab ODecbobee. 

For the -.ll. rad1WJ (re), IIII>CI1I1l1l rad1W1 (me), el1d IN'ge rad11111 (IlL) 
carreBpcm.d.1.ng to the CPI, figaro 8 ot lItIt 2-4 W88 used as a grdde, while 
tho cbarooter1l!tic olDy (Sir) IIIOdarate (.r), and b1gb tOl'1l<lrd apeedll (I!r) 
are from figure 11. 

I_oval. chart 

A .",tbet1calJ;f dart vod loov01 cbart boa been de""lDped for z.cme B off 
the ooaat. south of )few Orleewa, ta. near the center of tho zme. This w.a 
"""""'PllIIbed ~ COlIIPot1Dg grad1CIt Y1D4a from the pressure paramotC'll, re­
dnc1Dg tba to ~O-rt. vinds bl _1r1col. factors and ~sing a degree at 
~ em the 1eovels. The as)T.lllt8t.r;y factor I added to speeds an the 
r1gbt el1d BUbtracted an the 1aft, vas (O.!ft')eo. a, whare 'f VSB the forward 
JlDtlan c4 the Btona and a the azaale between directlcm ot :forward -",ian 
and viDd d1reot1cm. 'rho curvoe of b1gb .. t val.u. of tho vinCI. op_ from 
thee. ~OUI steps are shown ill figure 2. The resul.t1De pattern far a 
CPI at 27.60 incb.. and a forward speed of 10 mote 10 sbovD iD figure 3. 

Variat10n R 

'rhe d10taDQe _col.e of f1gure ~ 10 ill tormo at R. A1J1 B llIIted iD tab10 
1 lMi1 be 8ub8tltuted. as the distance scale. 

APpllcat1cm to other Zollo B lDostlone 

The lMx1.un CPI variation in table 1 for ZOne :a is on..q 0.05 !nohee. 
The wind speed difi'erence due to va.ry1.ns the CPT over th1s :range is about 
11>. Therefore the viDd .pead pattern sh""" iD figure 3 can be _lD;yed 
anyvhere 1D Zane II. 

Var1atlon at forward ep_ 

!be forward. speed for a project hurricane 18 ohoe8ll within or near 
the J'Bll88 at forward ~ ehom iD tabl.e 1 . hrvsrd opeed 111 th1D th ... 
op<m8 COD be ... UIIod to be 1D4opedsDt of CPI and R. )'ast ""rtDs hurrt­
auaea are gsnsral.ly" belle"ftld to haTe a greater as,' s trl of their 'Wind 
opeed nelda thlm elDv-m>V1Dg s_. 'rho b1s1l .. t _peeds ore someraU.r 
twand aomswbere in the r1gbt hal:t of the.tara. fteee tva CCllcUt1cma baTe 
been OOIlfor.od to iD devalDpiDg the pattern of figure ~ ~ add1Dg the for­
ward _peed factor described UDdsr ·100 .... 1 cbart." Th1s 1s an OIl!P1r1col. 
appran.,t1OD el1d a bigb dsgr .. at rofiDOIll8llt at adJust1Dg viDCI. pattarDo to 
f~ opeed 10 Dot requ1redl figure ~, COIIputed for a farward speed of 
10 lmot. or apprax1mat.e.q the average fOl"Yt1rd speed of the UlIle" 18 appU .. 
ooUe for 1/2 to t1l10e thlo f<>rward opeed. 
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An 1Dveet.1gatlon of forward speed in relatIon to latitude 1n the 
Gul1" Cout area Bhoved no .1s;n1.fleant rolatlODl1blp in oc:mtre.at to the 
lAt1tud1Dal 'nU'iat1on ' tound alon8 the Atl.e.nt1c Coast. 

Wind direction 

The w1nd direction for USB in conJunction with the 1809'81 pattern 
or fiiure , ~ be appt"tXL1ll:Bted f'roa table 2 factors. 'lbeeu dir&etlC11lB 
are shown by nrrovs an the chart. 

Radius 
Radiue R to center 
R to 1.2 R 
1.2 R and b~ond 

Table 2 

WIlIID D=rom 

Deflection ~ 
20 

2ransltlan 2"0· to 25· 
25· 

*.AJ:l8l.e between true wlod dJ.rectlQ1l and a t&lgent to a c1rol.e with center 
or the etOl"ll. at the center. 

Crit1cal patb 

ne patb tor a project hurricane Is selected. an the baa1e of the 
contl~tlon of the c088t or inlet concer.oed, within the span ot di­
rectlOJl!1 that are shown to be txmInrnl on the a:z.iDrth ch8.rt or past hur­
r1cane paths in tho ZOO8, f'1@1l"8 4. M:>at hurricanes pass throush Zone B 
f'luD. the l!louth and 8outbewrt, a smaller llUlIlber f'rom the southwest. '!'bere 
18 no evidence ot a correlBtlon between hurricane intens1.ty and path. 

C~8an ot synthetic lsovelo with past storms 

Four of the IDOBt severe stOZ1llS of record to pass th..rou3b Zan. :a 
yore the hurr1cane. at October 1, 1893; Soptellber 29, 1915; September 19, 
1941; and September 8, 1900. Tbo hurricane parameters for these stonll8 
are listed 1n Tabl. 3 and IIIl;T bo compared Yith tho pare.m8tors at syn­
thet1c hurricanes 1n Table 1 6 The hurricane of September 8, 1900 pasaed 
su..1"1"1c1tJDtly far offsllore tJ'>.at 1ts pare.meters 'Were not detorm:1lled in the 
zons. The ~ers listed for th11!1 last hurricane are near Ge..l.veeton. 

• 
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Table 3 
PARAI!Irl'ER3 OF BEV:BRlI STOR16 PABBIl'lG 'l'HROUl!! ZoOm: B 

Dat. CPI B Forward speed Ibx1mum. wind at 30 i't. 
(inchee) (nau.m1.) (!mote) (mph) 

Oct. 1, 1893 28.22 17 7 81 (eet1n8t • .ffiJR 7 -17) 
Sept. 8, 1900 zr.64 14 10 88 ~ eatilllat • .ffiJR 7 -36) 
Sept. 29, 1915 zr.70 26 10 99 estimate ~ 

Vx = .885 Vax + O.:n-) 

Sept. 19, 1947 28.53 28 17 89 (estimate.ffiJR 7 -?7) 
Sept. 29, 1915 zr .70 26 4-12 99 (1!Ull 7 -40) 

transpoeed to 
crt tical track 
(HUR 7-40) 

4dJus_ rar fiil.1nB overland 

The critical path lfIXJ p8SS partly overland. The nol'DBl. wee.ken1.ng 
of a hurr1cane over lAnd can be appl"O.X1.lal!l.ted by redu.cing tlle open Bea 
lfind speed valu ... ~ the fol.lDv1n8 factors, taken ~ Table 4, HIm 743 
which are based OIl the t1lle eJ.asped. sinoe the storm center crossed the 
coost. 

Table 4 
FAC'l.'ORl POB RKDlJJIl'lG mmRICAIIl'S POB FILLING 

OVER IAIID 

Tillie (hours l 

T (at coost) 
T + 1 
T + 2 
T + 3 
T+4 
T + 5 
T + 6 
T+7 
T+8 

• 
A,dJuatlDlmt retia far wind speed 

1.00 
0.93 
0.88 
0.85 
0.82 
O.SO 
0.78 
0.76 
0.74 

Sto1"D8 mTing 1nl.and o"9"csr flooded aree.e or over marshy land and 1akee 
v1ll fill at a weer rate, comparable to the rate of rUling that 
occurred in the SeptEGDer 29, 1915 bUITiaane. The factors to reduce 
tbe open-eea y1nd speed. values in these oases are given in Tabl.e 5, 
taken freD. Table 1, HIm 7-40. 
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Table 5 
FACTOIB FOR REDWING IItIRRICAIml FOR FILlJNG 

ovn FID<JDKD OR MAIBlIY !>\lID AREIB 

T1Jne (hours) 

T (a t coast) 
T+l 
T + 2 
T + 3 
T + 4 

Adjust.-mt ratio for Y1.nd speed 

1.00 
0.99 
0.99 
0.98 
0.97 

The factors in Tables 4 and , will yield epeeds for portlODS of the 
storm that are atill over vater. Further reductions would be regu.1reg. 
to obtain tho speeds over land. 

Tbe leovel pattern of the Standard Project Hurricane for Zone B, 
flgLlrB 3, Ie nearl,y Id81It1cal with the leovel pattern tar the Sap-
t_ .... 29, 1915 hurrican4 t"""'P06ed to a crit1cal track far IAke 
p<mtchartra1n (1IIlR 1-40) excopt thot the va.l.ue. of the 1eovels 1n f1g­
ure 3 are 2 percent higher than those in tbe 1915 bu.n-1cane transposed. 
Tho StoDdArd Project llurr1cene pattern applicable to IAke l'<mtchartro.1n 
with a forward speed and track as ahown in l!llI! 1-40 can be obtained bT 
1ncreasing the lsovel values of the 1915 bUlTlcane transposed by 2 
percent . 

To adJuat theee leovels to a high forward speed, in e:r:ceee of' 
20 knots I add the following factor to epeeds on the right end lIIub­
tract tar epeeda on the left: (O.:n- - 6) COB &, where T Is the 
forward .peed in m.p.h. and a 10 dof1ll8d on page 2 . 

attachme:nta 
12 to (X3 with att&cbmante 

• 

Charles S. 01ll1ml, Chief 
l!;rdrollletoorolog1cal Sect1an 



27.00 
\ 

"'",!:: r' .. 6 .. 

27·20 

10 X 10 TO THE'l' INCH 
kfl1"'-I!':L:t £~~flO co>. 

27.30 

359·11 
• .... II . , " 

27.40 27.50 21.60 21·10 27.80 21·90 
Cpl (Inches) 



SGS : ASl o . 0 
2€S ' 266 

'-.,VJ;:T 
o 

25i 

\ 

SJT 
o 

26, 

o '0 

:';-\(8 

'0 
8, 

2.;:; 2ee 

JeT 
o 

, 
TAM 

,<i! 

'~i 

HUT 
'0 

o 

ZONEB 

---;" 

\ 
\ 

) 



• 

/ 

Directien 
ef Ferward 
Motion 

FIGURE :3 

:30-FT. OVER-WATER WIND SPEED FOR 
LARGE RADIUS (LRl AND MEDIUM RADIUS (MRI 

HURRICANES, ZONE S, SOUTH OF NEW ORLEANS, L.A. 

FORWARD SPEED 10 KNOTS. 

\ 

\ 

t 

Dis tonce in Terms of 
Rodius of MoximUm Winds 

See Text 



· , 

Fig. 4 

5 --1----,-

I 
6 _-+---. 
I 

7 ----1----\ 

I 
8 ---'---" 

ZONE B 

AZIMUTH DISTRIBUTION OF HURRICANE PATHS IN ZONE 
1900-1956 



, 
-, :.-. 

, 

\ 

\ 
\ 

\ 

, 

.' 

UNITED STATES DEPARTMENT OF COMMERCE 
WEATHER BUREAU 

W .... SHINGTON 25 

s.p~"'er 6, 1957 

1iI' ••• L. Coc:braa,. CInl Work. 
Off1ce of Clal.ef of ... "'eero 
Corp. of bPa-' 
.., .... teoroloaical Section 

" 

IN REp o.y . .. .. £ .. .... ~DC .. t.U .. 

CHIEF OF B U R EAU 

.. NO lOt"", .. TO 

0-6,12 

sn.ntC'f: ...,. .... -. 7-40, Lou!d ... hutticee of Sept __ er 29 " 1915, 
tr_apoaecl to • critical trade. 

Referenc.e: Wote. datu 17 June 1957 on c.onference held in ~_ Orlect. , 
La. w 13-14 June 1957 on hurricane .tud1 .. (P.L. 71) 

In c-.lt..w. with paraaraph 11 b (b) of the IIbove r«fHencH 
not"JI l:aerMdtJa are ellart. (with aplenat0rJ DOt .. ) daptctioa hypothet ­
ical wid fle1" at .elect .. tiIIU for the barriCADe of Sept..ber 29 J 

1915. traaapo •• 4 to a erirical track. 

AttaehMnts 
ce: 2 to OC& fitll. attachaent. 

1 to IEB witb attacbaenta 

Charl_ 5. Glb1ar&, Chief 
1y4~teoroloaica1 Seetion 

1 to N.., Or l.eana WBO wi th attac""t. 

. . 
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UNITED STATES DEPARTMENT OF COMMERCE 
WEATHER BUREAU 

W .... HINGTON 25 

... t ..... 6, 1957 I .. A r . I. . , "LI[I,": A gOII US 

CHIlEI'" 0" eUfU( AU 

..... II" , .. yo 

0-6.12 

Iood.es..- Ilurrtc.aae of Sept.-ber 29. 1915, tra.eed. to 
• critical track 

•• f-.rene .. : IIDI 7-39, Aupat 16, 1'51 
IIGt .... t .. 11 Jun. 1957 OD c.onfu..ca hel. 1D. •• Orluna, 
La. 13-14 JUDe 1957. O~ burrieane acadi •• (P.L. 71) 

lin t: &l.AAI etitt·,! trect 
n. Iwrrle .. of S .. t-'ar 29, 1915, bas b ... trau,., ... to tbe 

critlc.al ,..tIt .-..a 1a ftaare I, .. ~ at til. TefU .... ceafer.oca. 
'l"U.a track ... 9'1t •• iII1.lar to tbe ea.. 1fO'dteIl .. ~ til ..... Od .... 
Waatller a..r ... Office at U. 1' ..... t of tile "'.7zst_ro1oalcal i.eU.on. 
no. IIJpotlle.u.l ..- .f th. _tor u_ tile tr8ck ... t...., .. to 4 
Imot. ...uaa ...... 1Iouz pu-l •• _ tIN .. t.at of 1'ecuYatsra. &uc:ll • 
...u _ Moot tM lIl.,...t oIt ....... at I'KU,abara ill ... -.·'t10D 
.f _ .to .. t'noIIe lD .... Yic1a1ty .f ...... hatcllertta1a CIa 7-31, 
.. ~1. 1). TIIe..-.f ..... t ___ 1.at" aua _~ .. tho 
point of ree.rn.ta'a b7 • f.ter .f •• .5 ... Iloer .. -.cal ... t ... fter 
recun-ablra hy • f .. Ur of 1.1 per Mur. !Ita .,.11cat1_ of t-.. 
fae,tora .............. t of ...,c.a..te17 150 naat1cal 1111_ ~ tho. 
24-bour ,.r104 =" cad.., r._n"bare, -.tdl va apPloaCvtel.7 -.ual 
to the ra..-ett •• wI"' _ _ .rrt ......... aloq It atem traclta :lD 
tM ri.c:1Ia.1ty, •• aItowD ill TrMlttl of Th,lca1 it ... , 1"7- 1956 c_ 1-1) . 

•• ra.ftlon of celt.l "Uhr. al9Jll crltietl tEE 

na .artatloD of cutral. ,r •• eu.ra wttJt t~ floq tU cd. tical 
track _. ch •• .., 111-,. ............ _ .. a " .. taU_ f_ lD 3 rlori .. 
atozaa aD' tDe .-.D ob~ ... ~ual. ato~ -n.q OYC' ltDd bvt t.-
eard .. t.er. rkJ.. choic.a ... iIln"ne" b,. dke fact daat tb. -.rItlcal 
ttack .f fipte 1 to touaiUl' _u1u to tu ..... tU.... TIle taoultaot 
variation til 1'0 for til. traaspoaed atom 1a Mo.a. ill ftpre 2. 11ae 
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} 2. 

prea.ure p~ofile of figure 2b~ 8D& 7-39, 1. applicable to the tran.,osed 
atora at tba time of lanUaU of the center. 

6Atuetrnt. to the !!!MIl oyv-W!tr:r wind-speed pt9file 

Ta. average over-water wind-.peed profile evolved 1n BUR 7- 39 foy 
the. atora .. it occurred " ... pplicable to the transpo.ed ca •• at land­
faU, wttbout. alteration. A,"juatment factor. for the apeed profiles at 
other .elect" t1aea prior to md succeed1ua landfall. were calculated. 
according to the proce4ure. u.sed. in HUI. 7-39. The n., Mjuatseat factor. 
are 11sted in Uble 1 • 

.. consUnt .,-eed of 6 knote for the etom center (rather than the 
ell:aet apeeds from flgur. l) ... uaed. in caleulat1rte the contribution of 
stom. movaaeat to the actual. wind .peed&. Otberwiae., the varloue .d­
juStalClU 84 corrections applied in m:nt 7-39 were repeated without al ­
teration. 

The re.ultant wind fields in finoU form rurve been repro4uce4 1n 
figures 3 through 12, inclustve. 

Attaehmenl:8 
cc: 2 1:0 OCE w1 th at t-.ct.enta 

1 to BKB with attacb.enta 

Charles S. Gilman, Chief 
Ry~a.eteorolo81cal Section 

1 to. New Orleans WBO vith attaclmwmts 
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UNITED STATES DEPARTMENT OF COMMERC E 
W E A THER B UREA U 

W ASH I N GTON Z~ 

Oetoller 19. 1956 

!IlQIl; ~teorol.ogieal Sect10n 

SIIJI.lD:T: 1lUrr1c&DO of S"Ptember-oetober J.893 in L0td.01&Da 

IN " " PLY . ~LUSI< ADD~U'" 

C H !EF O F aUREAU 

A N O ~E~It~ TO 

0-6.12 

",.. 8111>Jeet burr1<:aDe prom_ one or tJ>e ...... t burr1_ 
1nunc\at1oaa in the h1ato:I.,- at Lc-J1.1ena. IDcloaod. fQl" tile 1lrtoDa­
tioa or tJ>e ... OrlMM JI;I.rtr1ct _ 0_ ~ ..- 1.e the 

.~ o~ tIl10 IIutt1caue "" ClSZ'rU4 cut in e"""""tton nth our _ ­
Orlean&-Lel<e Pontellartnl1n aaalgmoent (-.0 fr<D OCJ: J~ 13, 1956). 
'lbe stud;y ..... 41recte4 .. t de_n1ng ___ -- tar the otani 
(po, 8., ete.) _ t.be ....-,ent;y or the v1Dd circulat10n .. c~ 
1d.th lI!Ore recent burr1eanes.. 'lhe data are 1l::aKequate tar poIJ.t1ve 
cOJlelus100a on the eeverity . However t..be we1gbt or tbe endence is 
tIlat the Ilurr1cazle ot lB93 at the t1me 1 t j mmclated Grand. Iale and 
ertEsed the ItS sa1 •• 1J1P1 Delta 'W88 no more aevctre tban tbB greateat burr1.""" 81nce tIlat t1me (September 29. 1915). 

KDclosures 
eel 2 v1th CloClOIIarea to acE 

1 with enr; l oeure to m:a 

m-lee S. GU_, Ch1ef 
~toorol.ogical Seet1<m 



THE LOUISIAIIA IIURRlCANE OF 1893 
Bydrometeorolog1cal Sec~1on 

September 1956 

The hurricane of September 27-October 5, 1893, caused one of the 

greatest hurricane duaaters in the history of :Louisiana. Fe .... 'Weather 

recorda are available for the period :tram atat10Wl that vere within the 

path of the storm. lIevertheles8, the path of the storm was reconstru.cted 

using the sparae data, and values for the central pressures, gradient winds, 

and 'odn.da at anemometer 1evel over vater vere calculated for several times 

1n order to aho", the intena1 ty of the lac tare vb.ich caused this dlsas ter. 

The hurricane formed in the Caribbean Sea then moved northvard across 

the center of the Gulf of Mexico (figure 1). It approacbed the Lou.1aiana 

C068t unexpectedly, on Sunday, October 1, 1893, (1) and croBsed the MjAs!s-

sippi River Delta near Baat1an Bay, La., betveen 2300-0100E, October 1-2. 

The hurricane then moved northeastward up the coast of eastern Louisiana 

through Br~ton and Cbandeleur Sounds and passed i nland between Bilox1 

and Pascagoula, M1ss. at about lOOOS on October 2. An intense storm of 

les8 than average diameter, the hurricane caused 2000 deaths along the 

Lou.1.s1an.a. coaatB.l areas and al.ong the M1S8i~u~1pp1 and Alabama coasts. As 

the hurr1cane passed through Plaquemines Parisb, La., Mr. Kerkam, Secretary 

or the Lou1..iana State Weather Service, estimated the winds to be as high 

as 100mph. (1) 

Destruction !'rom the wind vas great; houses were smashed, people were 

killed by flyi.ng debria as they ruahed into the night to escape f'raD their 

collapsing flooded homes, the orange and sugar crops vere ruined, rice in 

the tielda was battered as though threshed, harvested rice stored along 

the levees vas blown into the river. Nothing vas left stand1.o.g on Grand 
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Isle and no house in Plaquemines Parish vas ,wemaged. Al.thol.lgb. the 

destruction :!'rom the wind was great .. flooding and aea surge. c8.\l5ed even 

greater damage and loa. of 11fe. (2) 
• 

The greatest loss of Ufe occurred at (heniere Camjoads, a f'iahing 
• 

village on a low-l.¥1ng spit ot land Just velt of Grande leu on Ca.m1na4a 

Bay.. 1650 persons out of a population of 1800 perished there. A atrona: 

IOUth wind had. bloVD throughout the day on October 1, baek.1na up the Gulf 

vaters into Cam1 DAda, Bay and the adJo1n1ng bays and bayous I tlood1.I18: the 

marsh l.anda and near"ly prairies. '!he vater rOBe to five feet above ita 

usual level 1n the baya e.o.d when it vu at that height the v1nd changed 

to the northeaat. ". ~ .'Ih1a blew the vater :frOID. the Gulf through Ca.m1na4a 

Paaa. Here the outgoing rush of vater waa met by the sea. 'Ihe meeting 

ot vaters caused a perfect vall of vater to be raised. The waters rose 

to a he1gb.t of twenty teet and swept everything before them." (3) 

" South of Nev Orleans in the vicinity of P0,rte-a-la-He.che shortly 

a.fter midnight on October 1, the vinda blew 80 v1.o1ently out of the ea.st-

northeast that in BaDe place. the vaters of' the Mississippi rose 9 teet 

and poured over the levees. Mter a calm the hurricane vindB bl.ew from 

the vest and, according to newspaper accounts, the water 'Er0l1l the GU:U , 
aDd ita baya rose fifteen feet and swept away the fiBhing hamlets al..ong 

the cout and 'poured over the levee into tb.e river. It inundated the 

highest orange grovea and the railroad to a de}>th of four teet. (2, 4) 

'lhe storm moved up the eastern Lou1s1.a.na ahore the morning of Octo-

ber 2, inundating the Cbandel.eur Isl..ands and the islands along the M1.ssis-

a1pp1 coaat and causing great da.ma.6e to coo.atal shipping.. It vas est1mated 

that at leNt 350 cra1't vere wrecked. (5) 'Waves washed away 8ect10na of 

the beach, undermined the L & If track and destroyed sixty s8ct10na of the 

railroad. br1dge over Biloxi Bay. In Mobile Bay where the vater roee rapid­

to eight feet above tide (u much WI 2 feet in 1/2 hour) the flood was the 
• , 
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worst experienced there up to that time. The extreme speed ot the \lind at 

Mobile was reported to be 80 mph. Tb.e marshes around Mobile were flooded 

and all the houses in them destroyed. Seven persona lost their lives. (6) 

1b.e storm struck Penaacola, J'la., at about 4:45 a.m. on October 2, with. 

the vind reaching its m.a.x1mum velocity, 66 mph tram the Southwest, at 

3:45 p.m. 

OBS'ERVATlOIiS 

Port Ea.d.s I La. 

Since many recordi.ng 1nstrumants in the path of the hurricane were 

blovn down as it pe.8sed, no complete history of the v1nda and pressures 

1s ava1lable. The instruments at Port Eada were destroyed and no ohserva­

tiona vere recorded for the storm period aJ'ter the 8 p.lIl. observation on 

October 1. The station pressure at that time vas 29.65 1n. and the wind 

24 mph !'rom the Soutbeut . 'nle hurricane was centered vest-southwest of 

the station. 

New Orleans, La. 

A fairly symmetrical trace vas made by the recording barograph at 

NeW' Orleans as the center of the storm passed within 45 lIl1les of tJr6; city 

at about 0345E on October 2 . (figure 2) The pressure bad 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. 'lhe instrwlIenta recording wind speeds became 

inoperative at 20.52E on October 1. '!he wind at that time vas JDmpb. from 

the Northeast \lith guata to 35 mph recorded on the triple register. West 

End, north of the city on IAke Pontchartra1n, registered winds of 65 m,ph 

(uncorrected) be:fore the 1nstrWZlent became :lnoperat1ve. (1) The lO-minute­

averaee wind spee ds for Nev Orle8J1B are shown in figure 'J. 

Moas Paint, Miss. 

A pres.ure fall from 29 .10 in. at o6oox on October 2 to 28.65 in. at 

, 
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l030E (1.10 inch in 4-1/2 hours) vaa reported by the capta1n of a achooner 

lying at anchor at Mosa POint, Miss., close to the atorm tracko ']he capta10 

reported that the Y1nd blew strongly trom the eaat-soutbeast and east until 

L030E when it gradually veered to BoUth.,.- southwest, and then strongly :!'rOID 

the weat-8outbveat and wet at l2OOE. The wind did not veer north 0'£ weat 

until SOlIl8t1me durine; the night. It cleared after 1600E and by 2100E the 

wind vas nearly calm. (1) Table 1 ahova the values reported by the Ship • 

, 

4-



Time 
(EST) 

06 

07 

08 

09 

l030 

12 

16 

21 
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Table 1 

SI!IP OBSERVATION AT MOSS POINT, MlSS.--Oet. 2, l893 

Pressure 
(Inches) 

29·70 

29.30 

29·00 

28.85 

28.65 

Bema..rks* 

"Bloving beavy from ESEh 

"Wind SE by E" 

"No change in the wind n 

"Heavier and heavier" 

"Wind a.ba ted near ly to 
calm and gradu.ally vent 
around by south to soutb:we"t" 

"Came out heavy from vest­
southYest and vest" 

Ife leared away" 

"Nearly calm" 

*Quoted trom the descr1ption of the storm by Henry M. Divle.J Captain 
of the Schooner B. Frank meally.(l) 
• 

• 
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Mobile I Ala. 

The cutter Forvard anchored 1n Mobile Bay about 35 miles nortbeaat of 

M08B Point reported that "the barometer fell 71 pa1nta in five hours :from 

seven o'clock in the ~ora1nc until noon.n (7) 

At Mobile the storm was reported to have begun without warning at 

about 0400E on October 2 and ended at lBooE. (8) A southeast gale vas 

reported by OB30E vith a maximum wind of 72 pph (uncorrected) from the 

southeast . 'lbe lO-mnute-average wind speeds for Mobile on October 2 

are ahovn in figure 7. The lowest pressure observed at Mobile during the 

storm, 2916 in. MSL, occurred at 1500E (figure 2). A1"ter that the pressure 

began to rise rapidly and by 2CXX)E it vas 29.53 1n. The wind had shifted 

to the west at that time. 

PeIlflacola, :Fla.. 

At Pensacola, Fla., the storm struck at about 0445E on October 2. 

Wind throughout the morninL vas tram the south at 34 to 40 mpb; the me.x.1-

mum velocity observed at Pen8acola was 66 mph fram the southwest at 15458. 

(1) The lowest pressure obaerved here, 29.47 in. , occurred at 16458 

(figure 2), at which time the hurricane bad moved inland to a point about 

65 milea northwest of Pensacola (figure 5). 

Once inland, the hurricane moved slovly northeastward over Georgia 

to Cape Hatter83. 

ru;cOHSTIII£TIIIG 'mE WACK 

'nle track of the st.orm :br the period 2000E October 1 to 1700E Octo­

ber 2 vas r econstructed, using the limited data availab~ :%'rom atat10ns 

within 100 miles ot the path of the storm as it moved inland, descriptions 

of .the .torm and of the storm d.amage 6.8 reported in the Monthly Weather 

Review and newpaper account. of the times, and uaing , the procedures de­

Bcribed in Chapter I, Bydrameteorological Report No. 32, (9). Gradient 
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wind speeds and the speed of the wind at anemometer level over vater vere 

cODUluted using the recoaatructed track. 

Sea-level pressures 

A graph of the sea-level presBW"ea for S't8.t10DS within 100 miles of the 

path of the storm as 1 t moved across Lou.1s18llll. and into Alabama vas draw 

UB1.ng a cammon time scale (figure 2).. A barograph trace was available for 

New OrleaIW, but pressures for Port Ead8, la.; Mobile, Ala.; Pensacola, Fla.; 

and 14erld1e.n, Mias., vere taken tram W. B. 'orm 1001. '!he ship report of 

barometer readings at Moss Point, Miss 0 'oILS ; alao included. 

Lines of poalt1oD rrom 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 

vere noted. Perpendicular bisectors of chords drawn between stat10IlB whose 

pressure traces intersected vere used as lines of poalt1on of the track. '!he 

8Bllwnption that the hurricane 1& circular requires that the center of the 

storm lie on the bisectoI'& at the designated times. Perpendicular lines trom 

each stationJ labeled vith the time of the station m.1nimum pres.ure J vere 

drawu to the track and adjusted as the track vaa laid out. If the hurricane 

were circular the center of the storm would lie at the end point of these 

line" at the time of minimum pressure. 

Wind sh11"t analysis 

Further adJuatmenu to the path vere made using distances t'rom a station 

at hourly intervals taken from a wind-direction bl"aph (figure 3) drawn. fran 

data taken !'rom autographic wind-direction recorda. (New Orle8JlS was the 

only station considered in this stu.dy that had aut.ographlc recorda of both 

v1.nd speed and Yind direction.) Hourly position checks vere laid out on 

7 
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the path and a vector Ya8 drawn for that section of the pat.b. that covered 

the period during which a wind shift occurred at New Orleans. 'lbe hourly 

posi tiona were mark.ed on the vector. '.lil1s vector 'tfa8 traced on 8. polar dia­

gram whose center represented the station in such a yay that the time checks , 

fell on the polar azimuth lines corresponding to the direction of the wind 

at NeY OrleallB at the check times. DiStances :tram the center of' the polar 

diagram to the hourly posi tiona were scaled off 1 laid out on the graph, and 

used to check the diatance of the storm center from New Orleans at those times. 

Preliminary track 

Hourly positions of the hurricane center vera plotted on a map usihb 

the pressure and wind-derived lines of position and givi ng weight to material 

on the storm 1n the Monthly Weather Review for October 1893 and descriptions 9 
of the storm 1n the Mobile Daily Register and New Orleans TimeS-Democrat of 

that time. 

First approximation of pressure profiles 

D1s.tances f'rom the pressure-reporting stations to the hourly positions 

of the track were scaled off. Hourly and m.1nwum pressures for each station 

read :f'ram the pressure-time graph were plotted on a grallh againat the distance 

of the station from the hurricane center. Pressure prof1les for OOOOE, 0400E, 

lOOOE, and 1400E were drawn to these curve6. 

Final track. 

Using the pressure profiles, the distance !'rom the 8tation to the storm 

center at hourly intervals was read. from the graph for each station. Arcs 

were then dravn along the hurricane track with the8e distances as radi1 and 

the 6 tatioos as centers . The intersection of the arcs for each hour were 

considered in the final adJustment of the track. 

The tinal revised track differed fram the track shown 10 the October 1893 

Monthly Weather RevieW' in that it entered the southeastern Louisiana coast 

r 
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trom the south 1Dsusd of the aouthvest and a few miles further east (figure 5). 

ASter crossing the peninsula and folloving the Louisiana coastline northeaat-

ward, the final hurricane track entered the mainland about 13 miles west of 

the track abown in the Monthly Weather Review. 

Final pressure profile 

In fitting the first pressure profile to the station traces it vas ditti-

cult to reconcile the pressure trace at Moas Point with that at Mobile. Be .. 

cauae of this, the track was redrawn to show the center of the hurricane paas-

ins inland 13 miles vest ot )(oa8 Point instead of at Moss Point. Hourly d1s-
• 

tance5 of the stations !'rom the track were rescaled and 8:: final pressure pro-

file vaa drawn (figure 6) . 

Exponential pressure profile 
An ex;ponentlal pressure profll,e derived from the equ.atlon 

-B/r 
p - Po ". e 

Po. -:'Po 

where P ::::I pressure at radius r 
R .::: radius ot maximum v1nds 
Po" pressure at the center' 
Pn= 4Bsymptot1c pressure 

vas draw tor lOOOE and 1400& October 2 (:figure 1). The value 01' Po at 10001: 

on the exponential curve vas 28.22 in. and at 1400E increaaed to 29 .11 1n .. 

Gradient vind 

The speed of the gradient wind was computed tar lOOOE and 14001 October 2 

and the grad1ent-~d profile was p l ot ted and compared vith the lO-minute-

average v1nds observed at anemometer level at New Orleans and Mobile. In or-

der to obtain a better fit to the plot 01' tbe Mobile v1.nd, R was made smaller, 

and a new curve was plotted tor the gradient wind at 1400E~ 

Over-vater wind at anemometer level 

'lhe values ot the ratio of the averaGe lD-m1nute over-water wind to 

gradient wind were obtained from tigure 26, Rydrometeorolog1cal Report Bo. 32, 
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and used to compute the over-water v1nd at anemometer level trom the gradient 

vind. Figure 7 compares these values with the average IO-minute wind speeds 

at anemometer level at Mobile and New Orleans. 

Radius of maximum wind 

For lOOOE October 2, these curves (figure 7) plotted against di8taDce 

f'rom the center of the storm, give a value of 80 mph for the maximum over­

water vind speed at anemometer leve1. This value, Vo ' 1s 86~ of the value 

ot the maximum gradient vind, VgJ cOI:iI.puted from. the pressure prof1le in 

figure 6. 1he radius of the maxinlllm vindl R, computed trom the pressure 

tield, at 1000£ extended 20 miles trom. the .term center. ~e 14001: Vo-curve 

.bow that at that time the v1nds bad decreased and R had lncreaaed. The 

maximum over-water v1nd at a:aemometer level on the 1400E Vo-curve bad de­

creased to 47 mph. A band of vind above 50 mph extended f"ram 10 miles of 

the center to 52 miles or the center at lOOOE October 2. At 1400& v1nds 

ot 40 mph or greater extended trom 1.8 to 36 miles of the center. 

COIiCW3ION 

It the hurricane was ot the aame intensity as it approached i*:las Point 

u it was when it crossed the Niss1aaippi Delta, and if the preuure values 

reported by the ahip at MOSB Point were correct, the central pressure during 

that period is com;puted B8 28.22 in. sa shown by the exponential pressure 

protile in figure 6. The possibil1ty alBa Bxists that tilling occurred so 

the storm moved across the Delta to Moos Point and that its central. pressure 

bad been even lover sa it approached the Louisiana coast. Lack of sufficient 

wind and preesure data has prevented the computation of w1.nd-f1eld patterns 

tor this atorm oft.hore south of the Mississippi Delta. Pressure and wind 

profiles constructed tor th1.a hurricane f'rom the data available ahoy that 

/0 
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the radius of maxirJum winds at 10<X>E October 2 vas 20 miles with a IM,x1mum 

nnd speed over vater at anemometer level of 80 Iqph (figure 7) . Winds of 

hurricane force (75 mph) preva1led in e. band 10 m1lee vide. Fl1l..1.ng occurred 

after the hurricane moved inland, and the pressure and wind protiles sho~ 

that by 1400E October 2 the central pressure bad risen to 29.17 in. (figure 6) 

The radius ot maximum villd had increased to 27 miles and the me.x1nmm wind at 

anemometer level over vater had decreased to 49 ~h. 

The vind distribution shovn in figure 7 agrees wi tb statements that the 

violent nnds in the storm covered a limited area. Although the storm center 

passed vi thin 45 miles of Hew Orleans I vinds of hurricane force Yere not re-

ported in the cl ty. 

From this analysis 1 t can be inferred that this hurricane vas one of 

the three most intense to pa.88 over the eastern Louisiana coast in the last 

65 years. Table I, Hydrccoeteorologlcal Report 32, gives a lover central 

pressure for the other two, the hurricanes of September 29, 1915, and Septem­

ber 20, 1926. 

Table II belov comparea values computed for these storms of' Se,ptember 

1915 and Se,ptember 1926 vi th values cClq)uted f'or the hurricane of' October 

1893. 

Table II 

Hurricane Vox R 
MPH H. •. H~. 

Oct. 1893 28 .22 1.77 80 17 

(Miss. coast) 

Sept .1915 106 91 29 

Sept. 1926 28 .20 1.93 84 24 

(Ala. coast) 

1/ 
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Figures 

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

2. Sea-level pre.aurea--October 1-2, 1893 

3. Graph of average lO-minute wind directions recorded at New Orleans, 

La., October 1-2, 1893 

4. Final hurricane track 

5. Final Rre .. ure profiles--October 1-2, 1893 

6. Final sea-level pressure profile and exponential pressure :prof11e--

October 2, 1893 

7. Observed lO-minute average wind speeds and computed wind apeeda at 
anemometer level over water--Qctober 1-2, 1893 

• 
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UNITED STATES DEPARTMENT OF COMMERCE 
WEATH-ER BUREAU 

, WASHIN,GTON 

Dece.b.r 6, 1951 IN ~Ef'L'f PL£ASE ADDRESS 

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

AND MEP'ER "!"O 

0-6.12 

MEMOB.ANDUH TO COlU'S OF EHGDlEEI.S 

HUB. 7-42A 
FIOM 

StmJlCT 

Hydro-et.orolo8ical Section 

Standard Project Hurricane 18ov.ls for a Hiah Sp.ad of Translation 
of tha Hurricane Center Mid-Gulf Coast, U.S., Zone B. 

Reference.: (1) Tal.phone conyer.ation, Messrs. Myer. and Nunn, Noy. 1. 1951, 
resardina Standard Project Hurricane i.ovel pattern. for a 
high rate of translation for Zone Band G. (U.S. Gulf Coalt). 

(2) BUR 7-42. Standard Project Hurricane Pareaeter. and I.ovals 
Mid-Gulf Coast, U. S. Zone B and Standard Project Hurricane. 
Lake Pontchartrain. 

Thie a..orandua contains an isovel pattern for a Standard Project Hur­
ricane in Zone B with a hiSk spaed of translation as requested in r.ference (1). 

Isovel chart 

A syothetically dariv.d isovel chart for a Standard Project Hurricane 
with a ePI of 27.60 in. and a hiah-.peed of translation has b.en deyelOP~ 
for Zone B off the coa.t south of New Orle.ns. La. This w •• done by iapol­
ina • degrae of •• y.aetry to isot.chs of ,r.dient winds coaputed fro. prea­
.ure p.reaeters and reduc.d to 3O-ft. wind. by .. piric.l f.ctor.. The 
a.,..atry f.ctor, .dded to .p.ed. on the riaht ead lubtr.ctad fro. .peed. 
on the left, w •• (O.ST)cos • where T w.s the repr.,entative hiah ap.ad of 
tr.nsl.tion of • St .... r. Proj.ct Hurrican. in Zone B, 28 kt •.•• shown in 
Tabl. 1, refer.nce (2), and a the .ngle between the dir.ction of forw.rd 
.. tion .nd the wind dlrection. Maxiaua wlnd .t R i. 111 apb. 

A p.ttern ahowing tbe strongelt wind. in the right re.r qu.drant w •• 
• el.cted a. th.t .o.t lik.ly to occur by .t l ••• t two autaors. Isaac Cline 
in hi. book "Tropic.l C,.clo".s" .tate. th.t "tile vind yelocitie. are auch 
areater in the ri,bt h.lf than in the left h.lf of the cyclone ar.a, .nd· 
the are.teat austained wind velocities occur al • rule ln the riaht rear 
quadrant." L. A. Hughe. b •• eu.aarized • l.rae nu.b.r of reconnai •• anc. 
fll,hte (liOn the Lov.r-Level Structur. of Tropical Stora.", Journal of 
Meteorology, Dec. 1952) producina the be.t .nd .. at definitive c08pOaite 
low-level wind .pe.d pattern y.t .v.il.hl.. The .trona •• t vinda .r. in 
tbe r1sht rear quadrant in tb.t p.ttern. Many y.riation'.~1 occur in 
tbe standard i.ov.l p.tt.rn. To r.pr •••• t the .an,. patterns that it would 
be re •• on.ble to .xpect in Zem. B, the hovel. in tile .tt.cbed Usure .. , 
be rot.ted with l1alt. of 1000 counter clockwl.e and '0· in • clockwile 
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dlreetl.a. Th. lUdt •• f rot.tlon .re ladie.ted OR t". 81_1'. bJ, .... eI 
.rrow. ext .. dl_. eutvard fro., the wind ee.t.r. 

V"',tl0D .f foF!!£f .... d 

n. forv.rcl .p ••• for a 8t,,"r4 Project •• rri .... I. cite •• vitlala 
or _"I' the raaae of forw.rd .p ......... ,.rabl_ 1, r.f.r .... (2)0 Por-
VG' ....... vitht. tla._ .pau -=- .. _--' Co •• l ......... t of en 
aM Il. n •• ttacll .. 1 .... 1 paceen C8IIfGe.I 1ft • f.rvan ..... of 28 bt •• , 
1. cll. fut •• t ob •• n" 4-lte.r _ ......... 18 the Gulf. 

OSIa.r factor. 

e ... nt8 on •• rl.ClOD ia tla. 1'''1 •• of uxt •• 'vi ••• appllcatioa to 
ot". z ••• B l.e.tl .... v .... tI1ractl_. tlao critical pat". .. "juc..t 
"1' filll .. "'1' 1 ... ..,. be ... 4 18 r.f .... (2) to _lela till. _na-
... 1. .up,1 __ t'l7. ' 

Att ...... t 

cc: 12 to OCI w1~Ia .uac .... t. 
1 Co III Witla .ttlC~t. 

Ch.rl ..... G11 ... , CUe! 
IIJdrOlWteoro1011cal aecel.. ' 
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: 1Ir • .l. L. ""'Cbra" Clv1l. librllB 
Office of D,let of' "IDg1M8l"B 
Corps of ~Deera 

J'JI). : lIy~lDg1cal. Sol:Ucm 

CHIEF OF BUREAU 

ANI> Rf.:~£fI TO 

0-6.1.2 

STJEJJXJ!I: .... atmDI RUR 7"39, Revised. W1lld 1'1elAa VIe1.n1ty of Lake Pon'tchartrain, 
Burr1C8DO o~ Sopte_ 29, 1915 

Tl'8D8lI1tted berewith is the Subject ""'1"8lldmlll'hlcb includeD reT1Bed 
leotachs for the Lou1s1ana. Hurricane of 1915 for the iD1'ol'lBt1on of the .5 Orleana District. !'b.ls Jm8)nmdull supersedes IIBIa:Jnmda lItDt 1 ... 15 end 
7-4!8. 

Attaohm!mte 

Cllarlae 8. GUDan, CIIlaf' 
1Iy_e<m>log1ce.l S"ct1OD 

co: 3 with attachments to OCE 
1 with attochlleIIto to OCE 
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WITKS STATES DBPARlImIiT O. C(]III!IBCB 

W&.ATlliR BDRKAU 
Wa.hinston 

August 16, 1951 
In reply. Plea •• addr ••• 

CHID') O. i . W'lATDB 1'ftIAU 
W •• bington 25, D. C. 

and refer to 

0-6.12 

JIl!!IJIWIDUK RUR 7 - 39 

FBOK : Bydra.etooroloaical Section 

SUBJECT I Revised wind fielda vicinity of Lake Pontchartrain, .. rrieane 
of September 29, 1915 

Introdus:-tion 

This semoraodum presents charta of recon8tructe~ vind apeeds and 
directions 1n tbe burricane of September 29. 1915 over Lake PontcRartrain 
and adjacent watera of the Gulf of Mexico. ~e •• charts are rev1s10n. of 
tboae furnished in Memoranda KDR 7-15 cd. 7-28 . The wind apeeu bave been 
r.vi.ed fram the previoua charta, moatly to biBber values, from ta. following 
con_icier_tlona : 

• • Tbe central pr ... ure of the atora wa. well established clo •• ~ Nev 
Orlaan& but v •• noc observed near the co •• t. A reviled coa,tal cantral 
pre.sure was obtained by e%trapol.tion fra. the New Orleana value. • fa.ter 
rate of filUng va •••• DDed betwaan t.he eo •• t and II .. Orl .... (lower central 
pra •• ure at tbe co •• t) in the pr .... t analy.i s on the baai. of a r.cently 
co.pleted empirical study of rates of filling in hurric .... o~er Ian •. 

b ., lurther study va. made of the ratio of obaer..d wind ap.ads at the 
New Orleans We.ther Bureau Office to probable oyer-water vind .,eada. COla~ 
pari80n of ob.erve •• peeds at tbe I .. Orlean. WBO in the 1947 h.rricane 
with better espo.ed statioDS in the a .. e atorm lad to l.rger adjuetmeat 
factor. than pr.viously .-played. 

C o Reconsideratio. indic.ted th.t tb. vatar surface, which reduc.s the 
wind speed Ie .. than a lancl aurface. !!IsteDded beyond tbe nor.al boUI'!.Mr1.a 
of the Lake an. the Culf durlo& the hurricane. r~il effect, while .liskt, 
•••• 1ao in the direction of hiSDer wind apeeds. 

d . The wind. over th. water aurfaeea in the storm are of neeeasity 
•• t1sated iftdlrectly fro. ,re •• ure aad wind data over land, to th. e%tent 
tbat .uch data are available . Another indirect index of t~e winda 1. the 
beh.vior of water leyell. Th. meteorological data determine the oyer-vater 
wtad .peed. only wit_io a certain ranae; tbe re.alting y.l~ea are not exact . 

• 
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CoD8i«eriDg the obeerYed •• ter levels ~u.llt.tlvelYt tb. aualyet. were 
iRfluenced 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 figare 1. The center of .ind rotation 18 several miles to the left of 
the pr ••• ure center. 

Central preaaure 

Tbe known information on tbe central preavure of tae hurricane ia depicted 
on • time scale 1n figure 2&. This includes the mint.um obsar.ed presaur •• 
at the Rev Orleans Weather Bureau Office and the Ship Ceiba in dock at New 
Orleans. Another ship in tbe Gulf. which experienced some of the conditions 
of t ..... eye of the atorm, va. at an unknown distance from thl! point of minhaum 
pre •• ure. Alao shawn in figure 2. are average rates of filling for hurricanes 
!DOying inland aver extensive land masse., over tbe Ploricla PeuiDsula, and 
oyer a land area but with lIKJYe:naot back. toward a body of .ater, each of the 
three curve, being projected from Rev Orle.ans back to tbe coast. Sneral 
po.aible. variation. with time of central pres.ure are shown by the heavy 
carves ., b and c . Curve b was considered the most probable an4 was .elected 
for furtber computations. An average radial preS8ure profile for 1200 CST 
(about tbe thle of landfall) is shown in figure 2b. 

Co!pari&an Rew Orlean. WBO wind speed. with other sites 

the winds at the New Orleans Weather Bureau Office were appreciably re­
duced by the friction of the aurround!ng cit"Q A 8tudy was .aGe of the 
!lWlgnitude of tbi. effect, by comparing the lIew Orlean. Weather Bureau Offiea 
wind ~eeds (aite had not chansed) witb wind .peeds f~ nearby statiooa io 
otbar years. MeaD daily wind speeds at the 1few Orleant1 WBO ... ere c:ampared 
witb tb •• ean daily speed8 at the better expollecl airport etat.ion at Moi.ant 
A1rport. for all day. on wbicb the apeed,e vere 15 mph or higher at the air­
port for the y_r. 1950-"1954. Tb. ~an valueo are plotted u "z'." io 
figure 4 for .ortheaat vind. (the prinCipal hiah-speed vind direction of the 
1947 hurricane). for south-southeast (southeast: v •• the prine!,al Dish-.peed 
direction in the 1915 hurricane), and for all directions combined. It can 
be noted that there is no significant directional differeoc:e o 

Por data on higb speeds the Rew Orleans WHO speeds were plotted asaiost 
speede at the Weatber Bureau Airport Station at Moi •• nt Airport, tbe Haval 
Air StatioD, and the Huey P. Loog ~rid8e in the 1947 hurricane (f1gare 4). 
The fact tbat the atatioDs would be in different parts of tbe hurricane at a 
particular tt.e vas taken into account by eonotructing profiles ef spee' 
&gainst: distAnce frOll. stora center in tbe barricane. and plotting apeeu 
againat eACh otber correaponding to e~ual distances from the etora eenter ~ 
The HU87 Long Bridge aDemDIIleter is at 165'. The winds bere are perbap8 51 
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in exC@S8 of equivalent speeds at 30' over Lake Pontchartrain. The 
N ••• l Air Station speeds were from an off-lake direction in this com­
parilon and are comparable to over-vater speeds. The Moisant Airport 
site requires an adjustment upward of perhapI 5 or lot to over-water 
speeds. The camp.riaoD of Muey Long Bridge with tbe WBO i8 given tbe 
molt weight, 88 only the •• atatlonl had automatic wind registerIng 
e~uipment. The mean ratio of Bridge speeds to WBO in tbe 1947 hurri­
cane la 1 . 97 to 1 (by eye in figure 4). 

A check va. made on changes in the environmental conditions at the 
New Orlean. Weather Bureau Office between 1915 and mora recent years. 
The accumulated mean annual wind speed, at New Orleans are shown plott~ 
a8alnlt the s&me variable for Meridian, Mis •• , in figure 1. It appear. 
that there was a change in environmental condition. associated with moving 
of the New Orleana .tation in March 1915, but tbat there ha. beeD no ap­
preciable cbange since that time. Th. anemo.eter height had only been 
changed one foot at Meridian and moved le.s than one block prior to 1948, 
when the Meridian .tation va. aoved to the Airport. 

Radiu. of maximum wind. 

Computation of the radius of maximum wind. from the pres.ure field in 
tbe hurricane at various t1me. gave value. a.eragiug slightly oyer 36 
.tatute .11e. . The apparent radiu. of max~ wiuds as determined from 
the wind .peed recorda at New Orleans office. va. 26 statute miles. An 
.. eraS. value of 30 statute miles va. uaed in developing tbe reconstructed 
wind pattern •. 

Computed wind field. 

A theoretical vind .peed called tbe sradient wind 'peed mey be computed 
by formula, from the pre.aure.. The -aztBum value of taia tbeoretical 
vind .peed .. y be computed from the difference between tbe central pressure 
io a burrieane and tbe pr .. aure Dear tlte "outsk.irta" of the storm. The 
upper curve of figure 3 depict. the t1m. variatioD of th. ~ gradient 
speed tbat wa. 4erived fra. the central pre.,ure variatioD of curv. b, fig­
ure 2a,and an outaioe pre.eure. Pn' beld at tbe average value of 29.92 
inchea. In tbe for-.l •• u8ed the maximum wind .peed is pTop~rtional to 
tb. a,uare root of the difference between out. ide pre"ure and central 
pr.',ure. 

lapirical atvdiea beYe indicated tbat the maz~ 30-foot over-vater 
wind speed i. about 867. of the lII&Z.imlD theoretical gradient .peed (Lake 
Okeechobee hurricane 1949) in many in.tance •• but may raog_ fro. ahout 
70t to lOot of this theoretical value io various hurricane. (.7~o.ateoro­
logical Report "0. ]2. page 46). 

After weiabtiog all the pertin.at data •• reduction factor of 88.57. 
wa. tentatively selected for the 1915 aurricaa •• and I, depicted by curv. b 
of figure 3. 
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YDe fira' approx~tioD to • ca.puted 30' over-vatar wind fl.1d va. 
o0u..1ne4 by takiD8 tb • ..asbruID .p •••• froa ta. eurve b of f1.pre 1 for 
v_rioua time. at • radiu. of 30 .tatute al1ea fTo. tbe eeDter. &Dd d.· 
tera1niag "lnu at other diatancel fr_ tbe center in pr09OTtlon to t~e 
.. &t1_tlon of the wtiul 11,0.4 lodde an. eutaide tile radio« of .. xJlDIm wtn48 
obaBrTed in the Lake Okeechobee hurricane of 1949 C.ualitativ.ly caaflr.ad 
in .. ny otber burricane.). ~rom aucb pTofile •• computed .peed could be 
obtained at ey poiDt and at an,. Ilour in tta. renal!!: of the hurric.ane, by 
adding a COIIIpOD8Ilt for the forward .. t.lOD of the atonl. Such co..tuted 
apeed. are plotted qaia.at obaened Wev Orleaa& apeeda tn figure $. n • 
••• rage ratio of eo.pate4 30' OYer •• ter w1.Dd to oblerved ia about 1.83 
to 1.0, .. teh bas tb. proper ralat1oup,l, to th. DO-Jluey Lonl Brtda_ 
facto", of 1.97 to 1 . At: th. only odic obaenoina atattoo, Bduwood, La., 
a compariaoa of eo.puted with ob.erYed wind. .peed. 1. depicted in filare 6. 
Only ~u.lit.ti~ corr •• pon4ence v •• ..peeted on this diaar .. because of tbe 
un ..... l nature of tb. vind ap.ad Yar1atioD at Burrvoo4. the larae aurae of 
~ilb .peed bet.,. .. 1500 and 1700 CS1' at about 70 nautical .Uea frca t'be 
caater of tbe .tOTa wa. Dot tbought to be repr •• enteti •• of th •• pe.d 41a­
tributioD in other ~uar4&nt. of the .tor. or at oth.r ttm.a. 

Wtpd .2«.4 charta 

ApplyinS all tbe for-soiog conaiderationa the .tandard wind profile at 
tbe coaat lbowo in flaure 8 ia dariyed. Variation. in the profile for 
other tt..s are al.o .bewn on the fiaure. Thia t. the ... erase wind profile 
in eU dlreetioua frog the .torm center. The 4&ahe:d cUrYa •• bow tile re­
apect!YI l1adtiD8 ,rofllea. 

Wind .peed cbarta •• re conatructed by .pplyi_8 tb. profile of fiaure 8 
piga an a.juSbaaAt for forward motion of tbe atora plu. frietioaal r.'uctioa 
in the .icinlty of abore-un •• : e "Usht d.ec.r_.e on-.lwre, a dower .p ...... 
lIP for off .... hcw-e winda. .A.tteapU were IU.4e to .IU .. te wher. tb •• boreline 
v .. at the var1.ou. ltovr., fr_ a caut of ..... i n...stng 4u:1q till. barri­
can.. TIl. fiual wind fl.14.. &l'a d..picted iD fiplr •• 9. tbTouaJl 9 .. lacl •• t.,. • • 

Wind dlrec:ti,n. 

A defleetion angle of 30- toward low pre •• ure w.. a40pt.. a. a reason­
able ca.proai.e among the distribution of fluctuations Dot •• in ~ win4 
direction at New Orleana . Th. deflection logle v •• kept con8tcnt at 30-
reaardl ••• of radial ~Itanc:e or bearing fro. the center. 

.A.t tae t.eu ta 
3 witla attaehmeat. to oc& 
1 with attacbmaat. t. BIB 

, 
Charlee S. C1Laan, Chief 
aydra.eteorological Section 
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CUMULATIVE ANNUAL WIND SPEED COMPARISON 

WBO NEW ORLEANS VERSUS MERIDIAN, MISS. 
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