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PRESSURE PATTERNS ACCOMPANYING CYCLONIC 
..---_I-- - 

ACTIVITY IN THE AZORES-AP..A 

R. L. Pyle 

I 

This investi;ation has soti@tto make a LimLt.e@ t e s t  of the hypothesis 
which s ta tes  t h a t  the appearance of a particular $ypd o f  pressure system i n  
a cer ta in  area may often be associated with the devolopment of a correspond- 
ing pressure regime i n  surrounding areas, 
investigated, notably i n  the case of plateau anticyclones i n  w s te rn  United 
States and associated cyclonic ac t iv i ty  i n  the Aleutian area(l7.  Definite 
indications have been found i n  t h i s  case tha t  such a correspondence i s  
present , 

This e f fec t  has already been 

This study was made wjth the idea of determining i f  there ex is t s  a 
similar 'tendency f o r  winter-time cyclonic ac t iv i ty ,  i n  the Azores region to 
be accompanied by any part icular  type of pyessure pattern Over the North 
Atlantic Ocean. 

The available daily sea level Histor ical  '"Teather Maps (2) o f  the Northern 
Hemisphere for  winter months were studied and a l l  cases where a low pressure 
center was present i n  the Azores region were selected. The period studied 
comprise'd the four winter months (November through February) f o r  the years 
1931 through 1938, and the months of December, 1930 and January, 1931 plus 
NTember, 1938 through January, 19B. 

bounded by the meridians 5% and T O W  , and 'the para l le l s  30°N $and 50°Ne 
Cyclonic act ivi ty ,  o r  an 
t h i s  area when e i ther  o r  b w  owing conditions were observed t 

I n  selecting the casea, the Azores-Area was  defined a s  the region 

Azores-Area Low,,. was. considered t o  be present i n  

(1) T h e  Azores-Area contained a Low with a closed isobar of 1010 
mill ibars or less centered i n  the Azores-Area? 

(2) The Azores-Area contained a f ronta l  wave with central  pressure 
belaw 1010 mill ibars and suff ic ient ly  developed t o  have a t  l ea s t  a 
well-defined juncture of cold front and warm front. 

For examples of the f i r s t  condition only, see IiTovember 16, 17, and 18, 
'b 

For examples of the second condition only, see November 22 and 23, 
^In oases where two different  Lows with olosed isobars of 1010 

mi3llqars or less  were centered i n  the area, both posit ions were recorded? 
But when a Low sat isfying the f i r s t  condition was present and was accompani 

i; 1 Willet t ,  H.C., and others, "Report 6f an Experiment i n  
Five-Day Veather Forecasting", Massaohusetts In s t i t u t e  
of Technology, Cambridge, Massachusetts, 1940, pr 54. 

(2)Daily Synoptic Series of Historical  l'hather Maps Notthern 
sphers Sea b v e l  -- published by the U. S, Weather 
au i n  cooperation with the United States Army and Navy? 
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by one o r  more f ron ta l  systems f u l f i l l i n g  the second condition, then only 

' t h e  closed Law waswxxmle&. 

For each case of the Azores-Area Low, the pressure pa t te rn  over the 
. North AtPa.ntic:was examined add the 'ce'ntral posit ions of surrounding pressure 

.Highs: and LOWS containing a :.close&.isobar centered i n  the North Atlantio 
, Area. The,Nosth.Atlantic Area (see Figures 1-8) comprised the region bound- 

ed on the e a s t  by longitude 1O0E, on,the' south by l a t i t ude  25OIT, and on t h e  
west 'by a l i ne  commencing a t  25'N - 65% and running through the i n t e t d  
sect3ms .. -of . . 30°N .- -70%, 35'3 -5 75%, 40°N - SOY[, 45"P - 85%, S O O N  - gOqJJ, 
and then& along the  xkr id ian90qf  in te rsec t ing  the eas te rn  boundary at t h e  
North Pole. 

centers  were recwdm3. The ."s'wrounding pressure centers" included a l l  

--- 

In  all it %vas- found that. Azores-Area Lowk a eared on 238 days, or-' 
1 PP &% of . the above period. A preliminary study jtidldb the following table:  

Table 1 
: .;vr I' 

i 
i Days, Per cent I Average i Aqgrage 1 Average ! '  
! . I  of  t i m  i Intensi ty  j_ ZOWS f Highs I i I ! ( d )  I . . ( e > ,  ! 

! 
i (a) 

I 
! - ,  . (b)  (c)  

\ 

I November 1 .75, 
.I 

20.7 t-+ 998.5 

(a )  . lhmher o f  days i n  ithe resppotive month on whi'ci? .Azores-Area 

(b)  

Lows'were present. . v 

Rat.50 of (a*) t o  t o t a l  number of days i n  the  respective I 

month dur&ng the  period studied. 
. .  

( c )  Average in t ens i ty  ,of Azores-Area Lows as,  measured by the  
,valve af t h e  .lowest cent& is&ar. 

. . ($) 
:ppores-Area im. 

Avkrqge ,number .of "surrouradirg Lows" accompanking each ' 

' (e )  .Average nmber , o f  "surrounding Highs" acc,ompanying each:; , 

Azores-Area Low.. , 
I - .  

' 

!..$he percentage figures i n  the above tab le  which should be noted a re  
thosie. .which ind ica te  t h a t  &clonic a c t i v i t y .  i n  the Azores-Area i s  present  
.ab.out n i q  'days during an average November. 
i s  przsent - .  . .  on iess than seven.days. during December and'.Jan;ary, and l e s s  
than s i x  in,Febryary. I The somewfia$ largqi- figure. for  November is due i n  
part 'to the exceptional. year of-1937, when Azores-Area Lows were present 
o n  23 days duqing the month. _I p e n  ~o, ,  the  .cprresiondipg f igure i n  polmu? 
(b) for  the remaining seven Novembers woul? be. &1.8$. , The high frequency 
during November, then, appears t o  be r e a l  'followed by a 'doivmvard t rend 

. *?&roughout the. win$e.r:. . .'$he::p%ll .nuqber o f  maps avai lable  f o r  February 
accountsl far the.  reiaativi. sTaz;l;t;ine-sp of 'data f o r  t h i s  month, y i t h  . the 

Also, note ' t h a t  such a c t i v i t y  



-3- 

t .  November December 

i Absolute Ninimm 
I Central Pressure 

. I ,  .* i. I 980 mb 9 6  mb 

. Jancary i February:1 
I '  I 

I .. ! 
960 mb / 965 mb I 

' _  - ,. 

The last two columns of Table 1 show the average number of surrounding 
Highs, and Lays .which accompanied each, AzoPes-Area LOW. 
occurrence of more surrounding Lows than Highs i s  present i n  a l l  fa-yr months. - 
Huwever, t h e  difference betwe,en the number, o f  surrounding Highsand Lows i s  
small, except f o r  November. 
Lms include only the Lows found i n  the,iarea surrounding and outside of t he  
Azores-Area. and t h a t  the average for .the 'whole. ITorth Atlant ic  Area -is o f  
course higher i f  the AzoresrAre4 Lows are incxuded. A study 'of the. 22 con= 
secutive days' i n  November, 1937, whe,n, Azores-Area Lows were pre.sent,"failed 
t o  reveal  any trend or- t,endency ' for  the number'. of surrounding Highs o r  Lows 
t o  .be .greater or l e s s  than average. r It' was'.noted, however, t h a t  during the 
la t te ' r  par t  of1 the  period the  day-to-day var ias ion i n  the:number -of. surround- 
ing  .Highs followed qui te  closely'  the var ia t ion  - .  . i n  t he  .number of Lows. 

TherJtendency folr t he  

I t , shou ld  be pointed out  that the  figures fo r  ' -  

The recorded posit ions of surrounding High's'and Lows were combined i n t o  
t o t a l s  f o r  each 10' square i n  the  North Atlant ic  Area; 
plot ted on maps vhich then show the d i s t r ibu t ion  of surrounding Highs and 
surrounding Lows for  each month (see Figures 1-8); Saoh h g d r e  on these maps 
represents- the t o t a l  number of Highs o r  Lows which appeared i n ' t h e  10' square 

Thide t o t a l s  were ' 

centered a t  :the posi t ion o f  the figure. , I -  

In  c'omparing Figures 1-4 it can, be seen tha t  ce r t a in  features of tKe 
It should be d i s t r ibu t ion  o f  surrounding Lows are  present i n  a l l  months. 

emphaaized'that because of wide variat ions '  from m'onth t o  month .in- t he  number 
of Azores-Area Lows, comparisons of these maps should be' mile between areas of  
r e l a t ive  high and low concentration, ra ther  than between. absqlvte figures. I n  
general .the concentration, i s  greater over a broad area: extending fr.om the 
Gre'at Lakes eastward and northeastward. 
the 5xfreme: northern and southern porfions:,of the North Atlant ic  Area. 
a d d i t i o h 9 t  . q y  be noted t h a t  the concentration i s  heavier over fhe'iDaJr+s 
Strait:cthlini ov.er( e i the r  of the  flanking land areas t o  the eas t  and &est. 
A "trough" 6f I l i g h t  concentration i s  . a l s o  apparent over eastern '  North America, 
exte-pding from Hudson Bay southeastwafd to',New England &d ' t he  'Atlaritio 
seaboard. 
close inspection. reveals t h a t  it . i s  a l s o  present..to-'a lesser  degree' i n  . 
November. 
the  data are  ra ther  th in ly  spread. 

The .concentration i s  nbt so heavy over 
In  

, 

This is  qui te  apparent on t h e  i p s  f a r  December a'nd January, and , 

The February chart  shows a - s imi la r  area of l i g h t  con&ntratio,n 'but 

The foll,*ving. t rend  may be nosiced. i n - thd :  change o f  'po'sftT.on of the area 
of grea-~st'.concen~:-1.ation i q  mid-A.tla'ntib;:: I& November, the grea tes t '  



+ 
concen t r a t ion  i s  i n '  t h e  *60°-&o l a t i t u d e  bahd.' I n  December, however, it has 
moved south t o  550-@ON, i n  January 'to 50°-600X, and by February it is 4 m n  
t o  k0°-500N. 
t h e  d i s t r i b u - t i o n  of Azores-Area Lows u t i l i z i n g  a v a i l a b l e  . H i s t o r i c a l  Northern 
Hemisphere Maps. 
f a r t h e s t  nor th ,  t h e  Azores-Area Lows are seen  t o ' b e  f a i r l y  eveqly spread over 

' the  area.  
Laws moves southward approaching the,Azores-Area, t he  Azores-krea.Lows them- 

a s s o c i a t e d  w i t h  o ld  hyclonic  systems moving eastward ac ross  t h e  At l an t i c ,  and 
up , i n t o  Europe. 
much fewer, a similar cont inua t ion  of t h e  band of surrounding Lows is 
i n d i c a t e d  as ex tending  across  $he northwestern corner  of  t he -  AzoFes-Area, 
and a- secondary cont inua t ion  southeastward toward ,I.'Iorocco.. 

In connection wi th  t h i s  it i s  suggested that! t h e  reader  compare 

I n  November; when the  surrounding Lows .&re. concent ra ted  

I n  December and January, however, when t h e  band of surrounding 

, 

, selves a r e  concentrated , i n  the  no r the rn  p o r t i o n  of t h e  arear 
. t h a t  i n  ;December and .January t h e  m a j o r i t y .  of t h e  Azores-Area Lows are 

ThiG sugges ts  

I n  February, even though t h e  numbei- of. AzoresTkrea Lows i s  

. .  ? _. : .\ 

Refer r ing  to-F.5gures 5-8, it i s  a g a i n  apparent  that  certain features- o f  
'the d i s t r i b u t i 8 r f  of  surrounding cen te r s  are maintained throughout t h e  foul? 
months. The :areas of g r e a t  concent ra t ion  of Highs i n  t h e  c e n t r a l  A t l a n t i c  
ceuld be expected from t h e  normal. ' .posit ion of t h e  Bermuda High. 
of  higher  concent ra t ion  i s  present  i.n. southern '  Ontario. 
note t h a t  i n  December and January t h i s  l a t t e r  ,area extends i n t o  t h e  r eg ion  
between Xudson Bay and New England where t h e  numbef o f ' s u r r o m d i n g  Lows i n  
t h e s e  months i s  s i l l .  In  November,'on t h e  o the r  hand, when t h e  nuqber of 
surrounding Lows is' graager  i n  this reg ion ,  the  surrounding Highs are 
r e l a t i v e l y  l i g h t l y  concentrated.  
f o r  h ighe r  concen t r a t iQn  of  surrohnding Highs i n  t h i s " a r e a  ,accomganies t h e  . 
tendency " f a r  sureounding Loqvs , t o  be r e l a t i v e l y  l i g h t l y  hmcent ra ted .  
consider ing t h e s e  maps, i t  should be remembered t h a t  t h e y  d e p i c t  t h e  condi- 
t i o n s  accompanying cyc lon ic - . ac t iy i ty  i n  t h e  Azores-Area, and are , n o t  neces- 

Another area' 
It i s  i n t e r e s t i n g  t o  

I n  February,  moreover, a genera l  tendency 

In 

sar i ly  . .  r e p r e s e n t a t i v e ,  g f  a completely unbiased sample of synopt ic  

. *  In express ing  t h e  cbncent ra t ion '  of pressure  cezite'rs as be ing  s o  much p e r  

. ?&ridians d i f f e r i n g  by 10 'degreksl and %wo p a r a l l e l s  d i f f e r i n g  by 10 degrees) ,  
-100 square (where a' 10' square 'is' def ined  a s ' t h e  a r e a  bounded by two 

;no account i s  t aken  of the v a r i a t i o n  i n  t h e  a r e a  of  a loo squaSe over t h e  
globe; '-.It'' can be' shown- t h a t  t h e  a r e a  of ' a -  lo? square i s  ' a  func t ion  of t h e  
cosin 'e 'of  t h e  l a t i t u d e .  ' The North, Atlaqt ic  Area i s . d i v i d e d  by p a r a l l e l s  o f  

, lasitude* i n t o  13 bands of 5 O  l a t i t u d e  width,  and l eng th  vary ing  from 7 5 O  t o  
10O0'Of ldngl tude i  
per  cent  of t h e  ' t o t a l .  North A t l a n t i c  Area. , Stmi la r ly ,  t he  number of 
s.q-rov-ding Highs i n  each band can-be expressed as a per  cent  of  t h e  t o t a l -  
number of Highs. The percentage f i g u r e s  f o r  the ' re la t ive areas o s  the '13,. 
.bands can be considered as the per  cent, of Highs which would be esp.ec$ed , in 
each band 'from a ,  completely" random s.eatter o f  t h e  .Highs. over  d$he 2Jorth; 
A t l a n t i c  Area. Thus the' percentageq-of Highs ac tu ' s l l y  observed. canibe.' 
compared w i t h  t h e  percentages expected from a rand'om. s c a t t e r ,  and ' the  
dev ia t ions  noted. 
(Figure 9 )  a long  wi th  a similar .graph f o r  surrounding Lowso, The corre.spond- 
ing f igu res  f o r  t h e  surrounding Lmvs.were ob ta iaed  5n t h e  same manner, 
except  t h a t  a l l  percentage f i g u r e s  were computed on . the.  basis of the  North 
A t l a n t i c  Area excluding the Azores-Area. 

December, and January Highs a r e  q u i t e  similar no r th  of,55°N. 

The area of each of ,:these bands can be ,expressed  as a 

These dev ia t ions  a r e .  p l o t t e d  cn t h e  accompanying graph .,' 

I n  t he  upper graph, . the  v a r i a t i o n s  wi th  l a t i t u d e  ofn i the  November, 
I f  t h e  l i n e  
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f o r  February Highs were displaced 5’ southward, it too  would corkespond 
rather  closely with the d i s t r ibu t ion  indi:cated by the  ‘other three months. 
South of 45ON the  disturbing influence o f t h e  Azores-kea i s  f e l t  because Of 
the  l o w  center which i s  automatically located i n  t h a t  area. 
a maximum deviation f r o m  the  expected percentage of Highs i.s noted i n  the  
25°-300 band f o r  both December and Januaby, 
north i n  November whereas i n  February it has re t rea ted  t o  20’ north of i t s  
mid-winter position. 

1Veverthelesss 

This maximm i s  loo f a r the r  

The lower graph for surrounding Lows shows wider deviations than was the 
case fo r  surrounding Highs, and less s imi l a r i t y  betmen mo&hs i s  noted. 
A maximum deviation from the percentage expected f rom random s c a t t e r  is 
present between 6 0 0 ~  and 70°N i n  all months, flanked 
value. 
and February. 
caused by the almost t o t a l  absence of surrounding Lows from these bands, 
while the r e l a t ive  areas a r e  greatest .  
l a t i tudes  are ehrown onto the posi t ive side, 

on each s ide by a I O w  
. 

A secondary maximum ex i s t s  between 40’ and 5 5 O N  f o r  December, January$ 
The large negative deviations i n  the lowest la t i tude  bands are 

r e su l t ,  the  deviations i n  higher As 

Although the genera11 $atterns o f  surrounding pres sure oenters accOmPaWc 
ing Azores-Area LOWS &re f a i r l y  well shown en these maps it i s  questionable 
whether these resuqts have brought out any s igni f icant  relationships.  
fumhnental  pat terns  o f  .con,centration of High and Low centers  a re  j u s t  about 
as  Would be expected f r o m  oonsiderations of winter normals. In  any further 
Gtudy of Azores-Area Laws it i s  suggested, f i r s t ,  t h a t  a way be found t o  
eliminate those cases ‘in which the Azores-kea Low i s  an o l d  cyclone of 
western Atlantic or ig in  

cyclones which develop i n  the  cent ra l  o r  eastern Atlant ic  and move ink6 
southern Europe, 

predominant surrounding pressure systems, ra ther  than individual closed cel ls .  
It i S  f e l t ,  a s  a r e su l t  of this  study, t h a t  the  da i ly  movements of Surfam 
Pressure centers a re  so great  and so e r r a t i c  t h a t  any tendency f o r  a general 
pressure setup i s  obl i te ra ted .  
the location of dominant areas of high and low pressure , such a s .  extended 
troughs accompanying well-developed f ron ta l  systems and perhaps involving. 
several  individual claged centers connecked by franks. 
Of these dominant systems .but t h e i r  strengthening and weakening ,as ayclonio 
a c t i v i t y  i n  the  Azores-kea strengthens and wealcens, should be a pa r t  o f  aniy 
future a t tack  on the problem. 

The 

which t r ave l s  eastward i n t o  Europe through the very 
Af;tention should be confined t o  the  Young +northern par t  of the Azores=Area. 

’ *  . 

I. -Secondly, it i s  suggested t h a t  consideration be given t o  large,  

1% i s  a l s o  f e l t  t ha t  the s ignif icance, l ies  i n  

No* only the  locat ion 

Thirdly, it is believed that a similar study of normal pressure patterns 
m e r  the North Atlantic Area, as given by .a  completely random select ion of 
winter cases, would be very helpful  f o r  purposes of comparisona 



\FIG. I NOVEMBER 
Concentration of surrounding LOWS per 100 square 
WAConcentration greater than 5 Lows per 100 square 

Concentration greater than IO Lows per 100 square 



A FIG. 2 DECEMBER 

Concentration of surrounding LOWS per 100 square vTA Concentration greater than 5 Lows 'per IOo square 
Concentration greater than IO Lows per 100 square 



FIG. 3 JANUARY 

Concentration of surrounding LOWS per IOo square 
rTA Concentration greater than 5 Lows per 100 square 

Concentration greater than IO Lows per 100 square 



FIG. 4 FEBRUARY 

Concentration of surrounding LOWS per IOo square 
F A  concentration grea ter  than 5 Lows per 100square 



FIG. 5 NOVEMBER 
Concentration of surrounding HIGHS per IOOsquare 
[7i7d Con.centration greater than 5 Highs per IOo square 

Concentration greater than IO Highs per IOo square 



F I G .  6 DECEMBER 

Concentration of.surrounding HIGHS per IOo square 
rA Concentration greater than 5 Highs per IOOsquare 

Concentration greater than IO Highs per IOOsquare 



FIG.  7 JANUARY 

Concentration of surrounding HIGHS per IOOsquare 
p74 Concentration greater than 5 Highs per IOOsquare 

Concentration greater than IO Highs per IOo square 



FIG. 8 FEBRUARY 
Concentration of surrounding HIGHS per IOo square r7A Concentration greater than 5 Highs per loosquare 
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