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THE WEATHER  AND  CIRCULATION OF SEPTEMBER 1961 
Including a Discussion of Tropical Storm Activity 
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1. INTRODUCTION 

September 1961 was cl1ar:tcterizetl hy pronounced tern- 
perature  regimes  in t h e  United St:Ltes---ver-y cool in the 
West itrld unusually warm in  the East'. This  pattern of 
temperature  was an abrupt'  change  from  that' which pre- 
vailed in  August' and the  summer seas011 1961 [I]. The 
most dramatic  change  occurred  in t h e  I\jort'hwcst' wl~crc 
temperatures  during  September ttveraged as rnuch as 12' 
F. cooler than  those  observed  in  August'. 

This  reversal in  temperature regimes was associated 
wit,ll a pronounced  reversal  in t'he circulwt~ion, with t h e  
st,rorlg ridge over western  Xort'h  America  during  August 
being replwed by a deep trouglt in Sept'enlber. Substun- 
tial  amounts of precipatiorl  €ell in  the  Nortllern  Plains its 

a result of this  circulation  reversnl,  thus  allcviatillg  the 
severe  drought  in that area. 

Four  tropical  storms  developed  in  the  Atlantic and 
west,errl ( h i b b e a n  early in September, in marked con- 
trast  to  the single storm which  formed  in  these :Lrc:Ls 
during  the  previous  three  months of t,he 1961 hurricane 
season. All four storms developed  to  full  hurricane  in- 
tensitmy and dominated  weather  headlines  during the entire 
month. 

2. MONTHLY  MEAN CIRCULATION AND WEATHER 

A  st'rong  upper-level  ridge  developed  in t'he e:tstern 
Pacific in  September where 700-1ub. heights were, RS nlucll 
as 280 f t .  ttbove norrnd (fig. 1) .  This antic\-clogenesis 
appeared  to  have a rnarlced influence in  shaping  the gen- 
eral  location and  amplitudes of the downstreanl  t,rough- 
ridge sp terns  across  North  America  to Europe. 

The  trough  which is nornlally present dong  the west 
coast of tmhe  United  States  in  September [2]  was much 
fart,her east and  extended from a decper-than-nontlnl 
primary Low over Baffiin Island  southwestward across 
central Canada and the  western  United  States (fig. I). 
This  was  associated  with  shearing of the  mean t'rougll 
which domi~~a t~ed  eastern North  America  during  August 
(fig. 1 of [I]). The higher-latitude  portion of this trough 
deepened as it advanced  eastward  to  the  central ant1 
eastern  Atlantic  in  September.  Concomitant  with  these 
trough  developrnent,s  was the strong anticyclogenesis 
which took  place over east'errl North Arncric.a nnd centrnl normal. 

1 Of 8 maximum possible 4-class change  ranging from mnch ahovo to much below 
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FIGURE I."JIean 700-mb. contours (solid) and  hcight  departurcs from normal  (dotted)  (both in tens of feet) for September 1961. The 
predominance of mcridional flow from the central Pacific eastward  to  Eurasia is especially noteworthy. 
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Tcmpernture ( O F . )  
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~ _ _ _ "  "" _" ~ 

S e w  Haven, Conn ....__.....__..._ 
Concord, N. FI.. . . . ..- .~ ~. .. . ._ ._. 

70.2 

Burlington, Vt- _.......__.._..._... 
67. 1 

f6.6 

65. 4 
+8.3 

Ringhamton, N.Y .......... ~ _.._... 
Buffalo, h1.Y ....".......... ~ ~ ~ . ~ . .  

+5. 5 

+6. 3 i 6 .  i Baltirnorc, Md- _._.__........... ~ - .  

+ 5. 3 +B. 2 
i3. 6 
68. B 

Pic" York City  (Met. Ohs., Cm- 

+o. 7 69.2 

tral Park) 

*Denotes y e a  records  brgan. 

Rerrrarks 

warmest of record (1973)' 
warmest of record (1881)' 
wnrme?t  sincr 1884 
warmest of record (1.991)* 
w a m e s t  sincc 1881 
warmest sincc 1869 

w'armcst cfrccorcl i1881)* 

temperatures  had  averaged  below  normal since April. 
Sections of the  hTortheast  experienced  their  warnlest 
weather of 1961 t'his  September,  with near t'o record  high 
average  nlonthly ternperat'ures reported a t  many  locations 
(table I ) .  

Heavy  precipitation fell from  the  sout'hern  Plains nort'h- 
eastward to the  western Lakes Region  in associat'ion wit'h 
the  deep  trough  in the West and  strong  southerly  anoma- 
lous flow from the Gulf of Mexico (figs. 1, 3B). Most of 
this  precipitation  resulted  from  tropical  storm  Carla  early 
i n  the  month a,nd from  frequent  frontal  rains  associated 



FIGURE 2:- Change in 700-mb.  height  departures  from  normal  (tens 
of feet)  from  August 1961 to  Septembcr 1961. Kotc. the largv 
height rises in  the  eastern Pacific a n d  thc corrf~spondirlg  height 
falls over \vestern North Alncrica. 

with  strong  thermal  gradients in the mid-Cnitcd  States. 
Substantid  precipitation  amounts w ~ r e  also  recorded from 
the  northern  Plains  St,ntes  soutll~~-est~~ar,d across 111uch of 
the  centrd m d  western Rock>- Mountain region (fig. SH). 
This  precipitation was also  related  to the deep trough over 
the  West, and occurred  in  conjunct'ion  wit'h  strong  frontal 
systems  which moved across the area  at  frequent'  intervals 
during t,lle month.  The  heavy  amounts  in North D:d<ot:L 
and  eastern  Montana  were  especially  beneficial,  helping  to 
alleviate  general drought8 conditions  in t'llese areas. It 
was the wettest  September of recold in many sections of 
the Midwest, (table 2 ) .  

Rainfall over much of the ewtern third of the  liatiorl 
was light' (fig. 3B) RS t~ result of the  strong upper-levd 
ridge  which donlinated t'lle area (fig. I ) .  H o ~ e v e r ,  
heavier arnoullts in  extreme  northeastern  coastd  sections 
resulted fronl tropicd storm Esther  during  the  latter  part 
of the rrlonth. It was the driest  Septeruber of record :rt 
MitLrni Bet~ch,  Fla., and a t  Knoxville, Tenn. ,  11s well as 
being notably dry at GreensEor.0, X.C. and Birlglulrrltorl, 
S . Y .  

TABLE 2.--Heavy precipitation  records established in September 1961. 

i Prwipitatim (in.) 1 
total 1 normal , 

Station 
~~ ""_ Ymr 

Monthly Ewe% OYCI 
rccords 
hogan 

___ "" __ ~ "" 

D!ibuque, lous- ._... ~ .... ~_ .  
Muskcgon, Mich .-... ~-.. . .~~ 

13.13 

1871 4.67  1 3.59 
1910 9 74 ~ 5 . 4 5  St. Joseph, Mo.. ..___ ~ ....-.. 

Denver, Co!o.. . -. . . -. . . . . ~ ~. 

19.56 13.09 9. Rfi Peorin, I11 ._........_........_ 
1904 9. 15 5 .71  Grand Rapids, Mich". ..-. ~. 

1905 X. 95 
8 .51  5. 'LO 1905 

I 

FIC;I:KE 3 .  -(.I) I>c~p:trturo of avt.r:tgc surface  temperature from 
normal (" F.) for Septcrr~ber 1961. The  pattern is noteworthy for 
the  sharp  tlr~~~larcation betw-c.cn below-normal  tcmperatures in the 
\Vest (urlshxded) and  ahovc-normal  temperatures  in  the East 
(h:ltclleti). (H) Percc,ntagc of normal  precipitation  for  September 
196 I. (From [HI). 

3. TROPICAL  STORMS RELATED T O  THE MONTHLY 
CIRCULATION 
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F ~ G U R E  4.--Nurrlber of classes the  anomaly of surface  tcrripernture 
changed from August  to  September 1961. Arcas  where the 
anomaly in September  was  two or more classes warmer  are 
hntched; two or more classes  cooler, stippled.  The pattern 
represents a complete  reversal in temperature  regimes over the 
country  from  ilugust  to  September. 

to storm  foxnation, as well as  allowing for t~ corlsitlcrtlhle 
degree of interaction  hetween  tropiwl m t l  ternpcrnte- 
latitude  activity. 

The  behavior of the  tropical  storms (fig. 5 )  c:tn be 
interpreted,  but'  only  to a rather  limited  degree, in terms 
of the  monthly mean circulation (fig. 1) .   The track of 
lrurricanc  Betsy  is  fairly well indic:tted by the metm flow 
with the storm  moving  northwestwsrd and thcn  east- 
northeastward  around the mean  High  in  the east,ern 
Atlantic. T h e  motion of' storm Carla, from the  western 
Caribbean  northwestward to southe:tstern  Texas mt l  
tllen  nort,heastward  to the Lakes region  follows the   ~nean  
flow quit'e closely. The behavior of hurricane  Debbie, 
however,  is  not well related  to the nlonthly mean circu1:t- 
tion,  wit'h  the  storm  nct'ually  moving r1ort)hwcstward into 
and  through  wcst-central  portions of the n l e t n  High 
in  the  eastern  Atlant'ic. 

The t'rack of Esther, from the  11th  to  the 19t'll,  par:dlels 
the mean flow across t'he South At1:tntic with  hut  little 
variation.  The storm moved  northu-:~rd from the  20th 
to the 21st, then  turned eastward and  performed R 

complete  loop  which  in  four (lay's tinlc  brought'  it  hack 
to  its  original  position off the  southern  New  England 
coast' (fig. 5 ) .  The mean Low and  inverted  trough off 
the  east,  coast  are,  in major part, rnerely t'he  reflection of' 
hurricane  Est'her,  the  circulation of which  do~ninatetl  this 
area for  over a week. 

EASTERN PACIFIC 

Tropical  storm Orla, the  only  storln  to  dcvclop  in  the 
eastern Pacific  this  Septenlbcr, w a s  first detected on the 
6th  about' 500 miles south of Raja California. The storm 
moved  northwestward, as irnplittl  by  the  monthly  mean 
flow, until t'lke 8th  when  rapid  disorganization of the 
circulation  occurred.  Weak  remnants of the  storm 

FIGURE 5.-Prelirninary tracks of tropical  storms  during  September 
1961 in t,he Atlantic  and  eastern Pacific  Oceans.  Open circles and 
dates  indicate 1200 GhlT positions. 

FIGCRE 6.-Preliminarp tracks of tropical  storms  during  September 
1961 i n  the western  Pacific  Ocean.  Open circles and  dates  indicate 
1200 GMT positions. 

app:wently  cont'inued  northwestward  to  just  west of Baja 
C'sliforniw where  regeneration  to  tropical  storm  int'ensity 
occurred e:lrly on the 11 t'h.  Orla  eventually  dissipated on 
September 12 after  moving  only a short  distance  more 
to  the  northwest. 

WESTERN PACIFIC 

Five  tropical  storms were observed in  this area during 
the  month,  four of which  developed to  typhoon  intensity 
(fig. 6).  This  corresponds  with a mean  September  fre- 
quency of five storms [ 3 ] .  

The nlontldy  mean  circulation  in  the Pacific  was  also 
:lpp:trently quitr  favorable  for  tropical  developments 
this  September,  u-ith  the 700-lnb. height anornaly pattern 
corresponding extremely well with t'he pattern suggested 
by Orgill [B] as favoring  rnaxirnunl  typhoon  development 
in t,he western Pacific. 

Typhoon Nancy developed  in  the  sout'h-cent'ral Pacific 
on September  8 ant1 moved  west-northwestward  with  the 
mean flow until  the  13th.  The  storm  turned  northward 
on the  13th  and accelerated  rapidly  toward  the  north- 



northeast,  crossing  central  Japttn by tllc 16th.  This was 
the most devastating  typhoon  in t'lle  Pacific thus  far  this 
year.  Maximum  sustained  winds well in excess of 200 
rn.p.11. were reported by aircraft on the 12th  and  13th. 
Winds of 109 m.p.h. buffet'etl central  Japan as the storm 
passed through  the  area  on t,he 16th.  This  was  the  fastest8 
moving  st,orrn  ever to strike  the  main  Japanese ISlklKltlS. 
It,s speed of translation was 3 1  m.p.I-. when it crossed 
Honshu, increasing t'o over 50 m.p.h. as it  ~noved  into  the 
Japan Sea. Typhoon  Pamela w a s  first detected sout'll of 
Japan early on  September 9. The storm rnovctl west- 
northwestward  as  implied  by thc rnenn flow, crossing 
northern Formosa late 011 t'he 11th t m d  eventually dis- 
sipating over eastern  China  on the 12th. PttJllela wits 
also a severe storm wit'h  winds up  to  200 tn.p.11. reported 
on t>he 11th.  Tropical  storm  Ruby formed just  southeast 
of Luzon  in the Philippines on Sept,ernhcr 21. It moved 
west-nort'llwestward with  the  mean flow-, crossing centrd 
Luzon on the 22d. The  storln  then  sped  westward across 
the  Sout'h  China Sea, moving  inland over Indo-China 011 

the  24th  without)  ever  attaining  typhoon  intensity.  The 
initial  disturbance  which  eventually  generated typhoon 
Sally  was  first  detected well east ol  the Philippines on 
September 22. Because of the  sparsity of data it, was not 
picked up  again  until t'lw 25t'h  (dashed  portion of track i n  
fig. 6). It reached  full t'ypltoorl int'ensit- on the 26th 
just  to t'he east of Formosa. The storm moved westw-artl, 
brushing  t'he  extreme  southern  tip of Formosa e n r l ~ ~  on 
the  28th,  and  dissipated  over soutl1e:tster.n Clhina on the 
29th. Typhoon TiIda developed southeast' of Japan on 
the  27t'h  and  28th.  This  st'orrn  moved on a general wcst- 
northwestward  track  with  the  mean flow, passing  just 
sout8h of Okinawa  early on October 2, and  cventunlly 
moved  inland  into  eastern  China  on  the  4th. 

4. TROPICAL STORMS RELATED TO THE  5-DAY  MEAN 
CIRCULATION 

The  relation of the  tropical  storms of tllc Atlantic  to 
the 5-day mean  circulation  is  deserving of specid tlt,ten- 
tion  this  September,  since  their  respective  motions  often 
were not  readily  apparent  in  the  monthly  mean  circulation. 
Segments of each storm t,rack corresponding to  t'he  period 
of each of >i selected series of 700-mb. 5-d i~~7  Jnem maps 
are reproduced  in  figure 7. 

Conditions  which  attend  and  fost'er  tropical storrrl de- 
velopment  in t'he eastern  AtIant,ic  are  usually  shrouded  in 
considerable uncertaint'y,  because of the  lack of data. 
The  three  developments  in  this area during  September 
were not  exceptions. A survey of 6-hourly  surface  chrtrts 
revealed a considerable amount of t'hunderstorm  and  squall 
line activity  over  western Africa from  late  August'  into  the 
early part of September.  This  activit,y  probably tlc- 
veloped in  response t'o a, t'rough of large  amplitude  which 
settled  over  tlle  ext'rerne  eastern  Atlantic  during t'lle latter 
part of August  and  which  persisted  t'hrough  the  first week 
of September (fig. 7A).  Whet,her or not  t'he  initial dis- 
turbances  which  eventmdly  evolved  into  hurricanes  Betsy, 

Debbie, a n d  Esther  originated fro111 these convective 
s@ems is conjectural,  but,  there  is some evidence in 
support of this possibility. 

Tropical  storm  Bet'sy was first-  det'ect'ed  in tlle south- 
central  Atlantic  on Sept'embcr 2. The  storm reached 
hurricane  intensity on the 3d nrld moved  northwestward 
to t'he mean  trough  position  in  t,he  west-cent'ral At,luntic 
by  tmhc  6th (fig. 7A). Betsy slowly  recurved  in  t'his  trough 
area from  the  7th  to the 9 th  (fig. 7B) tmd then  accelerated 
rapidly  e:~st-northe~tst~ward in tlle  strong flow around t'he 
mean Low over sout'llern Greenland (fig. 7B). 

EIur.ric:tne (hrltt, one of the  major  storms of this cen- 
tury  to  t~hrest~en Gulf' coastd areas, originated from tlrl 

area of squally wetlther which was observed moving 
through  the  Windward  Island  group on the  last, day of 
August,. This  activity  moved west,w:trd, with a weak 
circulation  developing ill t he  southwestern  Caribbean 
nortl1e:tst of Pttnama on  September 3 .  The storm moved 
nortl1westw;ml ttnd had intensified to  full  hurricane 
strength  just  east' of Yucatan  by  the  6th (fig. 7A). hlov- 
ing  northward  through  the Yucnt'url Channel  during  the 
i'th, (, ' :~I;I t h e n  turned  \~est~-nor.th~~,est~~\'Rrd ttnd crossed 
the  central GulC of Mexico,  striking t'lw Texas coast on the 
11 t h  (fig. 7B). Httpid  progression of the planet'ary wave 
train  occurred  over  the  United  States  at'  this  time wit,h 
the  trough  in  the  West (fig. 7B) a d ~ a r ~ c i n g  east'wwd to 
t,l~e  Lakes region  (fig.  7(:). C'arla turned  sharply nort,ll- 
7IV'Wl.d during the wft'crrloorl of the Ilth, and moved up 
along the mean  trough to nort'hern  Michigan  from  the 
12th to  the  14th (fig. 7('). 

Hurricane  force  winds were reported from  Galveston to 
Corpus (Ihristi,  Tes., :t distunce of npproximat,ely 200 
miles, with  winds  in  gusts  in cxcess of 150 m.p.11. estimated 
at some coastal  locations. 'l'he storm released 10 to 16 
in. of rain d o n g  the first 50 miles of it's pat,h into  south- 
eastern Texas and also caused ext'cnsive flooding  in  many 
are:1s along  the  remainder of its track  from Oklahoma to 
1fichig:m. In  spite of the great size and severity oE 
C d t ,  loss of life w t ~ s  held to R minimum by timely advices 
:tnd evacuations, with a 1 1  estimated 500,000 persons seek- 
ing safety i r h n d  from the low coastmal ttreas and islands of 
Louisi:tna and Texas. Preliminary  reports  indicate  about 
46  fatalities,  approximately 1l:tlI' of which can be  att'ributed 
to torrutdos and floods  associated  with  t'he  storm.  The 
reader  is  referred t'o the Weekly Weather and Crop Bulletin 
National Summary [7] for a preliminary report on hurri- 
cane C;trla. 

Storm  Debbie T V : ~  first  detected a s  t ~ n  area of' squally 
weat'her just west' of' the Cape Verde Islands  on  September 
7 (fig. 7B). Surfttcc d a h  in  the  east'ern  Atlitnt'ic was 
sprse ,  with t,hc storm position and intensity uncertain 
during the 8 th  and 9th. The storm's  position 011 the 
lo th ,  however,  was verified by  TIROS 111 photographs. 
Debbie rewched hurricane proportions Iittbe on the 10tjh and 
began  recurving to  the  north  in  response t o  the progres- 
sion of the mean t'rough  from  the western to t,he  central 
At'lnntic (figs. 7R, C). Everlt'ual  complete  recurvature 



FIGURE 7.-Five-day mean  $00-mb.  contours (in tens  of  feet)  for 
selected  periods in  September 1061. In  maps B, C, and D, dotted 
lines  show  height  departures  from  normal  (tens of feet).  These 
partially  overlap  maps  shown  in A and E. The  tracks  of  Betsy, 
Carla,  Debbie,  and  Esther a t  sea  level are shown by solid  lines: 
open circles and  dates  indicate 1200 GMT positions. 

and  rapid  northeastward  mot>ion  along and in  advance of phot'ogruphed a suspicious  cloud area near 11' N., 30' W. 
this  trough  occurred  from the 12t,l1 t,o the  Isth,  with  the  hddit'ional  TIROS  pictures and ship  reports  confirmed 
storm  causing  considerable damage over Ireland as an  the  existence of the  storm on t'he I l t h ,  with  Esther  hav- 
int'ense  ext'rat)ropical  system  on the  16th.  ing  developed  to  full  hurricsnc  intensity  when  reconnais- 

Hurricane  Est,her was first  detected  whcn the weat,her  sance  aircraft  first  entered  the area on the  12th.  This 
sat,cllit,e TIROS I11 on t,he afternoon of Septemhcr 10 mas the first  hurricane  discovered by means of a  weather 




